The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

19-20 AP Physics C Practice Problems Ch 4-6 View Basic/Answers

Practice Problems Ch 4-6 Begin Date: 9/29/2019 12:01:00 AM -- Due Date: 10/8/2019 11:59:00 PM End Date: 10/8/2019 11:59:00 PM
Problem 1 - c4.1.1:
Two athletes run in different directions at 10 mph. One heads east and one heads south.

Part (a) Are their speeds the same?
Speed depends only on the rate of motion. Since both of them are moving at 10 mph, they are both moving at the same speed.

Yes

Part (b) Are their velocities the same?

Unlike speed, velocity is a vector quantity. This means that velocity depends on both your speed and your direction. As a consequence, if the two athletes are not
direction, they do not have the same velocity.

Problem 2 - c4.1.2 :
Answer the following question.

Part (a) Can a car that has only been traveling at different speeds in a straight line east have accelerated north?

If the car accelerates north while it is traveling to the east, then it would turn slightly northward and no longer be moving directly east. Since the car travels in a s
it never curves off of traveling directly east. This means that it is impossible for the car to have accelerated north.

Problem 3 - c4.1.3 :
Answer the following question.

Part (a) Can a car that has been traveling at different speeds in a straight line east have accelerated west?

Let's consider this situation. If a car that was moving to the east accelerated to the west, it would start to slow down. However, if it didn't accelerate to the west fo
much, then this acceleration would just result in the car slowing down. Since the car is stated to have traveled at different speeds, there is actually no problem wit
while. As such, the answer is

Yes

Problem 4 - c4.14 :
A ball is tied to a string and swung so that the ball follows a circular path that lies in a horizontal plane.

Part (a) Which of the following statements is true in an inertial reference frame, i.e. a reference frame that is at rest with respect to the Earth?

Since the ball is moving in a circle, the direction it travels is constantly changing. While we don't know anything about the speed for certain, we do know that vel
meaning that direction is a part of it. As such, since the ball is changing direction, the velocity is changing. The acceleration is similar, in that if the ball only acce
wouldn't be able to keep spinning and instead would eventually go off in one general direction. Therefore, the direction of the acceleration must be constantly che
velocity, acceleration is a vector, so changing direction is the same thing as changing the acceleration. We thus see that both the velocity and acceleration are con:
answer is

The ball has changing velocity and changing acceleration.

Problem 5-4.1.1:
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A plane flies towards a ground-based radar dish. Radar locates the plane at a distance D = /1 km from the dish, at an angle 6 = 31°
above horizontal.

Part (a) What is the plane’s horizontal distance, Dy in meters, from the radar dish?

We can begin this problem by drawing a triangle that shows the location of the plane relative to the radar.

©theexpertta.com

Now, recall that the cosine function of an angle in a right triangle gives the adjacent side divided by the hypotenuse. We can use this information to create a relati
solve for the horizontal distance.

cos (0) = %

D -cos(0) =Dy
Dy =D - cos(0)
Dy = 11km - cos (31°)

Dy =9.43 km
Now we have an answer in kilometers, but we were asked for an answer in meters. We must now convert our result to get the correct answer.

Dy = (9.43 - 1000) m

Dy =9430.394 m

Part (b) What is the plane's vertical distance, Dy in meters, above the radar dish?

As in part (a), let's begin by looking at an image that shows the location of the plane relative to the radar.
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Now, recall that the sine function of an angle in a right triangle gives the opposite side divided by the hypotenuse. We can use this relationship to solve for the ve:

radar dish.
. Dy
sin () = 53
D - sin(6) = Dy

Dy = 11km - sin(31°)

Dy = 5.663 km
As in part (a), we are asked to get an answer in meters rather than kilometers. This means that we must convert our result from kilometers to meters to get the cor

Dy = (5.663 - 1000) m

Dy = 5662.832 m

Part (c) Write an expression for the distance vector, D, in rectangular form in terms of D and 0, in a coordinate system with the dish at the origin and th
horizontal and vertical directions. (to the right and up)

We already found expressions for the horizontal and vertical distance to the plane in parts (a) and (b). If we add the horizontal and vertical vectors together, then t
distance vector. Recall that the unit vector "i" refers to movement to the right and "j" refers to upward movement. This means that the horizontal component will
the vertical component will be multiplied by "j".

D =Dy + Dy

D = Dcos (0)i + Dsin(0)]

Problem 6 - 4.1.2 :

The fuel tank on a car is d = 0.31 m tall. The fuel level in the tank is detected by a L = 0.605 m arm that is free to rotate about a
pivot at an upper fuel tank corner. Its sensor end floats at the surface of the fuel as indicated in the diagram
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Part (a) Derive an expression for the sensor height, i, above the horizontal tank bottom as a function of L, d and 6 (the angle between the arm and the v

In this problem, we want a function that we can use to say how high above the bottom of the tank the sensor is floating. We can use our knowledge of trigonomet
how far down the tank in height the sensor is as follows.

hqg = LcosO

What we want, however, is how high from the bottom the sensor is, not how far from the top it is. To account for this, we can subtract the distance from the top tt
total height of the tank. This will give us the height from the bottom of the tank to the sensor.

h=d- LcosO

Part (b) Use logic to deduce the angle, Bfu” in degrees, associated with a full fuel tank, without performing any calculations.

‘We know that the arm is connected to the top corner of the fuel tank. If the tank was full, then the sensor would be at the same height as the arm. This means that
straight line perpendicular to the wall of the tank out to the sensor. Since the arm would be perpendicular to the wall, the angle between the wall and the sensor w

O = 90°

Part (c) Calculate the angle, 0},,;¢in degrees, associated with a half-full fuel tank.

Using our results from part (a), we can set up an equation for the angle and solve it for this scenario. The important thing to realize is that we know that if the tan]
height of the sensor must be % .

h =d — LcosOhay

= d — LcosOnay

ST

g —d = —LcosOhay

d
) = —LcosOhar

d
2= coSOhaif
d
e B gm
arccos < oL > half

0.31'm )

Hhalf = arccos (m

Ohaiy = 75.194°

Part (d) What angle, 0emp,y in degrees, is associated with an empty fuel tank?

At first, one might be tempted to think that since the tank is empty, the arm would swing all the way back to the wall making an angle of zero degrees. However,
the arm compared to the height of the tank, we see that the arm is longer than the height of the tank such that it's impossible for it to be parallel with the wall. Inst
results from part (a) to set up an equation for the angle in this case. The important thing to realize is that since the tank is empty, the height of the sensor above th
zero.
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h =d — LcosOempry

0 =d — LcosOempry

—d = —LcosOempry

d
I = COSOempty

arccos <

S~

) = eempty

P _ 0.3 m
empty = ArCcos <—0.605 — )

Oompry = 59.176°

Problem 7 -4.1.3:

A car is moving on a straight road in a fixed direction at a constant speed of v = 37 km/h with respect to the road. You wish to state the kinematic vectors of
the motion of the car by using a Cartesian coordinate system whose positive x-axis is pointed in the direction of the motion of the car and the origin is fixed
at some point on the road.

Part (a) What is the expression for the velocity of the car, using the speed v and the unit vectors i, j, and k?

With 7 denoting the unit vector in the positive x-direction and v denoting the speed in the positive x-direction, the expression for the velocity vector is

Part (b) What is the x-component of the position vector, in units of kilometers, at time # = 0.02 hr?

The car has constant speed v in the positive x-direction. We use the appropriate kinematic equation to find the x-component of its position vector at time ¢ after le

x =vt = (31 km/h) (0.02 h).

x =0.62 km

Problem 8 -4.14 :
In a particular Cartesian coordinate system, the y and z-components of the velocity of a point-like object are zero and the x-component varies as given by
the following function:

vi(H) =2+ 5t,
where ¢ is in seconds and v, is in meters per second.

Part (a) Find the instantaneous velocity, in meters per second, at t = 0.55 s.
‘We substitute the given time value into the given function for the x-component of the velocity.

v () =2+5t =2+5(0.553).
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Ve (t1) = 4.75 m/s

Part (b) Find the instantaneous velocity, in meters per second,at = 7.5 s.

We substitute the given time value into the given function for the x-component of the velocity.

v () =2+56=2+5(5s).

v () = 9.5 m/s

Part (c) Find the instantaneous velocity, in meters per second,at 7= 2.5 s.

‘We substitute the given time value into the given function for the x-component of the velocity.

Ve (t3)=2+5=2+50255).

Ve (13) = 14.5 m/s

Part (d) Find the instantaneous acceleration, in meters per square second, at t = 0.55 s.

The instantaneous acceleration, which in the present case is in the x-direction, is the time derivative of the x-component of the velocity function.
a, (1) = 5.

The acceleration is thus constant

ax () = 5 m/s?,

so its value at the given time is

ax (1) = 5 m/s?

Part (e) Find the instantaneous acceleration, in meter per square second,atzr=17.5s.

Since the acceleration is constant

ax () = 5 m/s%,

its value at the given time is

ax (1) = 5 m/s>

Part (f) Find the instantaneous acceleration, in meters per square second,at = 2.5 s.

Since the acceleration is constant

ax () = 5 m/s%,

its value at the given time is

ay (t3) = 5 m/s?

Part (g) If the particle was at x = 0 at = 0, ?nd the position, in meters, of the particle at r = 0.55 s.
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5t
x(t)=2t+ =5 + const.

The given initial condition means that the integration constant is zero and we have

512
x(t) =2t+ T

We substitute the given time.

2
x(t) =2(0.55s) + m.

x(t1) = 1.856 m

Part (h) If the particle was at x = 0 at = 0, ?nd the position, in meters, of the particleatr=17.5s
‘We use the function for the x-component of the position vector that we found in part (g),
5¢2

x(t) =2t+ T,

and substitute the given time.

2
x(t)=2(15s) + @

x(t2) = 8.625 m

Part (i) If the particle was at x = 0 at 7 = 0, ?nd the position in meters of the particle at 1= 2.5 s.
We use the function for the x-component of the position vector that we found in part (g),

5¢2
x(t) =2t+ T,

and substitute the given time.

2
x(t3) =2(2.5s) + @

x(t3) =20.625 m

Problem 9-4.1.5:

the following function:

vi(f) =2 + 5t - 382,
where ¢ is in seconds and vy is in meters per second.

Part (a) Find the instantaneous velocity, in meters per second, at t = 0.55 s.

‘We substitute the given time value into the given function for the x-component of the velocity
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The x-component of the position vector is the time integral of the x-component of the velocity vector, taking the initial condition into account. Integration gives u

In a particular Cartesian coordinate system, the y and z-components of the velocity of a point-like object are zero and the x-component varies as given by
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e (t1) = 2+ 501 — 32 = 2+ 5(0.55 s) — 3(0.55 s)°.

vy (1) = 3.843 m/s

Part (b) Find the instantaneous velocity, in meters per second,at r=17.5s.

‘We substitute the given time value into the given function for the x-component of the velocity.

Ve (1) =2+ 56 =32 =2+ 5(1.55) — 3(1.5 s).

Ve (12) = 2.75 m/s

Part (c) Find the instantaneous velocity, in meters per second,atz=2.5s.

‘We substitute the given time value into the given function for the x-component of the velocity.

ve(13) =2+563 =313 =2+ 5(2.55) = 3(2.55)%.

Ve (13) = —4.25 m/s

Part (d) Find the instantaneous acceleration, in meters per square second, at = 0.55 s.

The instantaneous acceleration, which in the present case is in the x-direction, is the time derivative of the x-component of the velocity function,
a, (1) =5 —6t.
We substitute the given time value.

ax (t1) =5—-6(0.555)

a (1) = 1.7 m/s?

Part (e) Find the instantaneous acceleration, in meters per square second,atr=17.5s.

‘We use the expression for the instantaneous acceleration that we derived in part (d),
ax (t)=5—6t.
‘We substitute the given time value.

a () =5-6(15s).

ax (1) = —4 m/s?

Part (f) Find the instantaneous acceleration, in meters per square second,at = 2.5 s.

We use the expression for the instantaneous acceleration that we derived in part (d),
a, (t) =5 - 6t.
‘We substitute the given time value.

ac (3) =5-6(2.55).
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ax (13) = =10 m/s?

Part (g) If the particle was at x = 0 at # = 0, find the position, in meters, of the particle at = 0.55 s.

The x-component of the position vector is the time integral of the x-component of the velocity vector, taking the initial condition into account. Integration gives u

512
x() =2+ 5 - 3 + const.

The given initial condition means that the integration constant is zero and we have

2
x(t)=2t+5% s

We substitute the given time.

2
x(t1) =2(0.55s) + m —(0.55s)’.

x(t) = 1.69 m

Part (h) If the particle was at x = 0 at r = 0, find the position, in meters, of the particleatr=17.5s
We use the expression for the x-component of the position vector that we found in part (g),
512
(1) =20+ 5 = 3,

and substitute the given time.

2
x()=2(158)+ @ —(1.5s).

x(t)=525m

Part (i) If the particle was at x = 0 at 7 = 0, find the position, in meters, of the particle at r=2.5s.
We use the expression for the x-component of the position vector that we found in part (g),

2
x(t)=2t+% — 7,

and substitute the given time.

2
x(3) =2(2.55)+ @ - (255,

x(3)=5m

Problem 10 -4.1.6 :

In a particular Cartesian coordinate system, the y and z-components of the acceleration are zero and the x-component varies as given by the following
function: a(t) =

-2 + 31t, where t is in seconds and a, is in meters per square second. The particle’s velocity at = 0 was pointed towards the positive x-axis
and has a magnitude of 77 m/s.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

Page 9 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Part (a) Find the instantaneous acceleration, in meters per square second, at 7 =1 sec.

‘We substitute the given time value into the given function for the x-component of the acceleration.

ax () = (—2m/s*) + (31 m/s’) (1's).

ax (1) = 29 m/s?

Part (b) Find the instantaneous acceleration, in meters per square second, at t = 2 sec.

‘We substitute the given time value into the given function for the x-component of the acceleration.

ac (1) = (—2 m/sz) + (3] m/s3) 25).

ax (1) = 60 m/s?

Part (c¢) Find the instantaneous acceleration, in meters per square second, at 7 = 3 sec.

‘We substitute the given time value into the given function for the x-component of the acceleration.

ax () = (—2m/s*) + (31 m/s*) 3 s).

ax () = 91 m/s?

Part (d) Find the instantaneous velocity, in meters per second, at 7 = 1 sec.
To find the x-component of the instantaneous velocity as a function of time, we integrate the given function for the x-component of the acceleration, taking into a

condition for the velocity.

31¢%
w () =-2t+ 5 + const.

The initial condition tells us that const. = 11 m/s, so the x-component of the velocity is

2
Ve (1) = %—2”11.

Now we substitute the given time value into the function for the x-component of the velocity.

(31 m/s*) (1 s

5 - (2m/s?) (1s) + (11 m/s).

v (1) =

Ve (1) = 24.5 m/s

Part (e) Find the instantaneous velocity, in meters per second, at t = 2 sec.

‘We substitute the given time value into the function for the x-component of the velocity that we found in part (d).

(31 mss?) (257

5 - (2m/s?) 29) + (11 mfs).

vy (1) =

vy (£) = 69 m/s

Part (f) Find the instantaneous velocity, in meters per second, at f = 3 sec.
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We substitute the given time value into the function for the x-component of the velocity that we found in part (d).

31m/s’) (3 sy
v (1) = ﬁ— (2m/s*) 3s)+ (11 m/s).

vy (f) = 144.5 m/s

Part (g) If the particle was at x = 0 at 1 = 0, find the position in meters of the particle at7=1s.

condition for x.

To find the x-component of the position vector as a function of time, we integrate the function for the x-component of the velocity that we found in part (d), takin

318 2¢2
x(z)—Tt—%+11t+ const.

The initial condition for x tells us that const. =0, so

3 2
x(t)z%—%+llt.

‘We now substitute the given time value into this function.

(3rmvs’) (1sy  (2mss?) (s
x(H) = -

h 6

5 + (11 mfs)(1s).

x() =15.167m

Part (h) If the particle was at x = 0 at r = 0, find the position in meters of the particleatr=2s

We substitute the given time value into the function for x that we found in part (g).

31m/s’) 28 (2m/is?) (2s)
x(t)=< 2)( v 52)( Y Ul me)2s).

x(1) =59.333 m

Part (i) If the particle was at x = 0 at 7 = 0, find the position in meters of the particle at 1 =3s.

‘We substitute the given time value into the function for x that we found in part (g).

(31m/s?) 3sP  (2mss?) 3y
x(H) = -

h 6

) + (11 m/s)(3s).

x(f) =163.5m

Problem 11 -4.1.7 :

position at point C is (x¢c, yo)-

An object undergoing two-dimensional motion in the xy plane is shown in the figure as a motion diagram. The position of the object
is shown after two equal time intervals of At each. The position at point A is (0,0), the position at point B is (xg, yg), and the
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—=

Part (a) What is the average velocity of the object between position A and position B? Enter your answer as a vector in terms of the variables given abov
j-

The velocity components in each direction are treated separately. Each is determined by taking the difference, final value mius the initial value, of either the x coc
or the y coordinate for the j direction, respectively, and dividing by the elapsed time.

- (x8 —XA)i (B —ya) .
YY) )

Since point A has corrdinates (0,0), we write the average velocity as

B

_ B B
AR = an' t an?

Part (b) What is the average velocity of the object between position B and position C? Enter your answer as a vector in terms of the variables given abov
j-

The velocity components in each direction are treated separately. Each is determined by taking the difference, final value mius the initial value, of either the x coc
or the y coordinate for the j direction, respectively, and dividing by the elapsed time.

’ _ e —xm), (c—y8) .
B¢ @y (A7)

Part (c) Now assume that the velocity of the particle in each interval is constant, with values equal to the average velocity you found in parts (a) and (b).
acceleration of the object over the entire interval shown in the figure? Enter your answer as a vector in terms of the variables given above and the unit vec

Acceleration is the change in velocity with time. Using the velocities determined for the two time intervals in parts (a) and (b), we find

= (Bc—va)
Qave )
(xc=g) .,  (cB) YB ., VB &
= ((CEmetg)- (S 2)
@A
(e = 2xg)i+ (yc — 2y8)J)
Qave =

QA?

Part (d) Ifxg=0.35m,yg=0.31 m,xc=0.2] m,yc = 1.7 m, and the time interval At = 0.6 s, what is the x-component of this acceleration, in meters p

Use the x-component from part (c) and substitute the given values.

davex = Unmatched Grouping: , ) expected match

(021 m)=2(0.35 m))
- (2006 57)
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avex = —0.680555555555556 m/s*

Part (e) Using these same values, what is the y-component of the acceleration, in meters per second squared?
Use the y-component from part (c) and substitute the given values.

Oavey = (}}CZZ?)

(17 m)=2(0.31 m))
- (2006 57)

davey = 1.5 m/s?

Part (f) What quadrant is this acceleration in?

The quadrants are numbered 1, 2, 3, 4, where quadrant 1 is the upper right where both x and y values are positive, then proceding counterclockwise. In the case o
for the acceleration in this problem, the x-component is negative and the y-component is positive. Therefore, the acceleration is in...

The second quadrant

Problem 12-4.1.8 :

In a particular Cartesian coordinate system, the y and z-components of the acceleration are zero and the x-component varies as given by the following

function: ax(,) = 37- 372+ 20¢VF, where 4 is in seconds, a, is in meters per square second, and the constant f is in seconds. At ; = 0, the particle was at
position x = 2 m with a velocity pointing towards the positive x-axis and having magnitude 20 m/s. In the following problem you can take the constant F' =
10s.

Part (a) Find the instantaneous acceleration, in meters per second squared, at 7 =1s.

We substitute the given time value into the given function for the x-component of the acceleration.

ac ()= (3m/s) (1's) — (3m/s*) (1 s + (20 m/s?) el =75 )

ax () = 7.358 m/s*

Part (b) Find the instantaneous acceleration, in meters per second squared, at r = 2 s.

‘We substitute the given time value into the given function for the x-component of the acceleration.

a (= (3m/s’) 25) - (3mis*) 29 + (20 m/s?) el ~757)

ax () = =3.293 m/s?

Part (¢) Find the instantaneous acceleration, in meters per second squared, at r=3s.

We substitute the given time value into the given function for the x-component of the acceleration.

ac ()= (3m/s) 3s) — (3m/s*) 3 ) + (20 m/s?) el~7a )

ax () = —17.004 m/s*
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Part (d) Find the instantaneous velocity, in meters per second, at 7 =1 s.
To find the instantaneous velocity as a function of time, we integrate the given function for the x-component of the acceleration, taking account of the initial cond

Integration gives us

3m/s , 3 m/st
2 T

w (@) = - (20 m/sz) Fel=7) + const.
The initial condition on the velocity is

vy (0) = 20m/s.

Thus

const. = (20m/s) + (20 m/sz) F,

and the x-component of the velocity, which is the instantaneous velocity, as a function of time is

3 m/s® 2 3 m/s*

5 3 £* — (20 m/s?) Fel=7) + (20m/s) + (20 m/s?) F.

v (1) =

Now substitute the given time value into the x-component of the velocity.

3 m/s® ,  3m/st
1 7
(1's) 3

5 15y = (20 m/s?) (1.0's) e~ 757) + (20m/s) + (20 m/s?) (1.0's) .

v (1) =

vy (1) = 33.142 m/s

Part (e) Find the instantaneous velocity, in meters per second,atr=2s.

Substitute the given time value into the function for the x-component of the velocity that we found in part (d).

3 m/s* 25

3 o
3 m/s = s)° = (20 m/s?) (1.0's) el = 7o ) + 20m/s) + (20 m/s?) (1.0's).

() ==—=5—0 sy —

vy () = 35.293 m/s

Part (f) Find the instantaneous velocity, in meters per second,at7=3s.

Substitute the given time value into the function for the x-component of the velocity that we found in part (d).

3 m/st
3

3 m/
2

3 .
Ve (F) = S 3y - 3y - (20 m/s?) (1.0 s)el=1) + (20m/s) + (20 m/s?) (1.0'5).

vy (1) = 25.504 m/s

Part (g) Find the position, in meters, of the particle at7=1s.

To find the position as a function of time, we integrate the function for the x-component of the velocity that we found in part (d), taking account of the initial conc

3m/s 5 3m/st

c T+ (20mis?) F2el=F) + (20m/s) + (20 mis”) F) 1+ const.

x() =

The initial condition on x is

x(0)=2m.
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Thus

const. = (2 m) — (20 m/s?) F?,

and the position as a function of time is

3 m/s® a3 m/s*

6 12

x() = * + (20 m/s?) F2el-7) 4

+ (20m/s) + (20 m/s?) F) £+ (2 m) — (20 m/s?) F?.

Now substitute the given time into the function for x.

3 m/st
12

3 m/s®
6

Is

x(f) = (1s) — (1s)* + (20 m/s?) (1.0 s)2e(~757) +

+((20m/s) + (20 m/s*) (1.0s)) (1 s) + (2 m) — (20 m/s?) (1.0 s)*.

x (1) = 29.608 m

Part (h) Find the position, in meters, of the particle at r=2s.

Substitute the given time into the function for x that we found in part (g).

3 m/s®

6s @5y - 3 m/;

4 2s
T2 9" + (20 mist) (1.0 9%l

x() = )+

+ ((20m/s) + (20 m/s?) (1.0's)) (2 8) + (2 m) — (20 m/s?) (1.0 s)°.

x () = 64.707 m

Part (i) Find the position, in meters, of the particle at 7 =3s.

Substitute the given time into the function for x that we found in part (g).

3 m/s*
12

3 m/s®
6

x() = @3s) - B o) + (20 m/s?) (1.0 e~ 757 ) +

+ ((20m/s) + (20 m/s?) (1.0's)) (3 8) + (2 m) — (20 m/s?) (1.0 s)*.

x () =96.246 m

Problem 13 -4.1.9 :
Full solution not currently available at this time.

The position of an object is given to be , =5.0 2 j +4.0 2 jm, where ; is in seconds.

Part (a) What is the magnitude of the particle's distance from the origin at 7 = 0 s?

d(t=0s) =0
Tolerance: 0

Part (b) What is the magnitude of the particle's distance from the origin at 7 = 2 s?

d(t=2s) =25.6
Tolerance: + 0.768
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Part (¢) Provide an expression for the velocity as a vector (use i,j notation like r)

v=10ti+8t]

Part (d) What is the speed of the object when 7 =0 s?
v(t=0s) =0
Tolerance: + 0

Part (e) What is the speed of the object when 7 =2 s?

v(t=2s) = 25.6
Tolerance: + 0.768

Problem 14 - 4.1.10 :
Full solution not currently available at this time.

The position of a particle changes from r; = (/.01 cm)i + (3.01 cm)j tory = (-5.99 cm)i + (3.01 cm)j.

Part (a) What is the magnitude of the particle’s displacement, in cm?

d =rx1-rx2
d=1.01--5.99
d="7

Tolerance: + 0.21

Problem 15-4.1.11:
Full solution not currently available at this time.

A golfer hits two consecutive shots in which the ball’s displacements were Ar; = (250 m)i and Ar, = (/50 m)i + (150 m)j.

Part (a) What is the magnitude of the total displacement, in meters?

d = sqrt((rx1+rx2)A2+ry242)
d = sqrt((250+150)A2+150/2)
d=427.2

Tolerance: + 12.816

Part (b) What angle, in degrees, does the total displacement make with the y axis?

6 = 90-atan(ry2/(rx1+rx2))/0.0174533
0 = 90-atan(150/(250+150))/0.0174533
0 =69.444

Tolerance: + 2.08332

Problem 16 - 4.1.12 :
Full solution not currently available at this time.

10/1/19, 6:57 PM

The position of a particle is given by the following expression, where ; is time measured in seconds: y(p) = [(3_ 07 M/s2)2]; + (_£.99 m)j +[(2.01 m/s3)3]k.

Part (a) What is the magnitude of the velocity of the particle, in m/s, at = 0.00 s?

v=0
Tolerance: =0

Part (b) What is the magnitude of the velocity of the particle, in m/s,at t=1.01 s?

v = sqrt((2*rx*t)A2+(3*rz¥tA2)A2)

v = sqrt((2#3.01%1.01)A2+(3%2.01%1.0142)A2)
v = 8.649

Tolerance: + 0.25947

Part (c) What angle, in degrees, does the velocity of the particle make with the +z axis at = 7.07 s?

0 = atan((2*rx*t)/(3*rz*tA2))/0.0174533

0 = atan((2*3.01*1.01)/(3*2.01*1.01A2))/0.0174533
0 =44.667

Tolerance: + 1.34001
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Part (d) What is the magnitude of the average velocity, in m/s, between 1=0.00 s and r = /.01 s?
v = sqrt((rx*t) A 2+(rz*tA2)A2)
v =sqrt((3.01¥1.01)A2+(2.01%1.01/2)A2)
v =3.667
Tolerance: = 0.11001

Part (e) What angle, in degrees, does the average velocity between # = 0.00 s and # = 7.0/ s make with the z axis?

0 = atan((rx*t)/(rz*t*2))/0.0174533

0 = atan((3.01¥1.01)/(2.01%1.01/2))/0.0174533
0 =56.002

Tolerance: + 1.68006

Problem 17 - 4.1.13 :
Full solution not currently available at this time.

In a time of 2.5 h, a bird flies a distance of 70.7 km in a direction /5 degrees east of north. Take north to be the positive y direction and east to be the
positive x direction. Express your answers in km/h.

Part (a) What is the x component of the bird’s average velocity?

x = d*sin(th*0.0174533)/t
x =70.1%sin(15%0.0174533)/2.5
x=17.257

Tolerance: + 0.21771

Part (b) What is the y component of the bird’s average velocity?

y = d*cos(th*0.0174533)/t

y =70.1*%cos(15%0.0174533)/2.5
y=27.085

Tolerance: + 0.81255

Problem 18 - 4.1.14 :
Full solution not currently available at this time.

A football player runs for a distance d; = 7.0 min /.01 s, at an angle of @ = 40.1 degrees to the 50-yard line, then turns left and runs a

distance dp = 10.01 min /.2 s, in a direction perpendicular to the 50-yard line. The diagram shows these two displacements relative to an x-y
coordinate system, where the x axis is parallel to the 50-yard line, and the y axis is perpendicular to the 50-yard line.

Part (a) What is the magnitude of the total displacement, in meters?

d = sqrt((d1*cos(th*0.0174533))A2+(d1*sin(th*0.0174533)+d2)A2)

d = sqrt((7.01%cos(40.1%0.0174533)) A 2+(7.01%sin(40.1¥0.0174533)+10.01)2)
d=15483

Tolerance: + 0.46449

Part (b) What angle, in degrees, does the displacement make with the y axis? (Note that the angle 6 was given as measured from the x axis rather than th
04 = atan((d1*cos(th*0.0174533))/(d1*sin(th*0.0174533)+d2))/0.0174533

0, = atan((7.01%cos(40.1¥0.0174533))/(7.01%sin(40.1%0.0174533)+10.01))/0.0174533
04 = 20262

Tolerance: + 0.60786

Part (¢) What is the magnitude of the average velocity, in m/s?
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v = sqrt((d1*cos(th*0.0174533))A2+(d1*sin(th*0.0174533)+d2)A2)/(t1+t2)

v = sqrt((7.01*cos(40.1%0.0174533)) A 2+(7.01*sin(40.1%0.0174533)+10.01)22)/(1.01+1.2)
v="7.006

Tolerance: + 0.21018

Part (d) What angle, in degrees does the average velocity make with the y axis? (Note that the angle 6 was given as measured from the x axis rather than

0, = atan((d1*cos(th*0.0174533))/(d1*sin(th*0.0174533)+d2))/0.0174533

0, = atan((7.01*cos(40.1%0.0174533))/(7.01*sin(40.1%0.0174533)+10.01))/0.0174533
0, =20.262

Tolerance: + 0.60786

Problem 19-4.1.15:
Full solution not currently available at this time.

The position of a particle is given by the following expression, where  is time measured in seconds: p(y) = [(2_ 07 W/s2)2l; + (3.07 M)j + [(3.07 M/s) k-

Part (a) What is the magnitude of the velocity, in m/s, of the particle at r = 7.01 s?

v = sqrt((2*rx*t)A2+(rz)A2)

v = sqrt((2¥2.01%1.01)A2+(3.01)A2)
v=>5.054

Tolerance: + 0.15162

Part (b) What angle, in degrees, does the velocity of the particle make with the x axis at 1= 7.01 s?

0 = atan(rz/(2*rx*t))/0.0174533

0 = atan(3.01/(2%2.01%1.01))/0.0174533
0 =36.551

Tolerance: + 1.09653

Part (c) What is the magnitude of the particle’s acceleration, in m/s??

a = 2%rx
a=2%2.01
a=4.02

Tolerance: + 0.1206

Problem 20 - 4.1.16 :
Full solution not currently available at this time.

A particle has a constant acceleration of a = a,i + a,j and at £ =0 it is at rest at the origin.

Part (a) What is the particle’s position as a function of time?

r=05a,t%i+05a,t%]

Part (b) What is the particle’s velocity as a function of time?

v(t)=axti+aytj

Part (c) What is the particle’s path, expressed as x as a function of y?

y=ay/ay x

Problem 21 -4.1.17 :
Full solution not currently available at this time.

The position of a particle is given by = (4/2)j + (p)j + (crDk- Where 4, pp, and - are constants.

Part (a) What is the velocity as a function of time?

vin=2ati+3bt2j-2ct-3k

Part (b) What is the acceleration as a function of time?

aD=2ai+6btj+6ct-PK
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Part (c) Suppose a=4.01 m/s?,b=-2.5 m/s?, and ¢ = -75 ms2. What is the particle’s speed, in m/s, at 7= 1.5 s?
v = sqrt((2*a*t) A2+(3*b*tA2) A2+(2%c/(tA3))A2)

v = sqrt((2¥4.01%1.5)A2+(3*2.5%1.5A2)A2+(2*75/(1.543))A2)
v=49.039

Tolerance: + 1.47117

Part (d) Referring to the values given in part (c), what is the magnitude of the particle’s acceleration, in m/s,atr=1.5s?
a = sqrt((2*a)A2+(6*b*t)A2+(6%c/(tA4))A2)

a = sqrt((2¥4.01)A2+(6%2.5%1.5)A2+(6%75/(1.524))A2)
a=92.042

Tolerance: +2.76126

Problem 22 -4.1.18 :
Full solution not currently available at this time.

The position of a particle is given by r(7) = Acos(w?)i + Asin(w?)j + ctk, where A is a constant with units of meters, w is a constant with units of rad/s, and ¢
is a constant with units of m/s.

Part (a) What is the velocity vector?

v(t) =- o A sin(ot) i + ® A cos(ot) j +ck

Part (b) What is the acceleration vector?

a() =- o’ A cos(mt) i - o’ A sin(ot) j

Problem 23 -4.1.21:
Full solution not currently available at this time.

At t =0, a truck is traveling east at a constant speed of s = 70./ km/h. At an intersection d = 32 km ahead, a car is traveling north at constant speed of v =
40.1 km/h

Part (a) Write an expression for the distance r between the truck and the car as a function of time. Use the variables from the problem statement for you
r=((d-st)*2+(vt)r2)A0.5

Part (b) Write an expression for the time at which the distance between the car and the truck as its minimum value. Use the variables from the problem :
equation.

t=ds/(sA2+vA2)

Part (c) What is the time, in hours, at which the distance between the car and the truck as its minimum value?
t = d*s/(vA2+4s72)
t=32%70.1/(40.122+70.1A2)
t=0.3439
Tolerance: + 0.010317

Part (d) What is the minimum distance, in kilometers, between the car and the truck?
r = sqrt((d-s*(d*s/(vA2+s/2))) A2+vA2%(d*s/(vA2+sA2))A2)

r = sqrt((32-70.1%(32%70.1/(40.142+70.142))) A 2+40.142%(32%70.1/(40.12+70.1/2)) A2)
r=15.889

Tolerance: = 0.47667

Problem 24 -4.2.2 :

A car moves along a horizontal road with constant velocity v( = v, until it encounters a smooth inclined hill, which it climbs with
constant velocity vy = v;,i + v;,j as indicated in the figure. The car uniformly and instantaneously changes its velocity at the road-
hill intersection. Let the origin of the Cartesian coordinate system be at the car's initial position.
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Part (a) If the car moves for equal times along the road and hill, create an expression for its average velocity vector v,y in terms of vgy, v;,, and v;, dur
and the unit vectors i and j.
The average velocity is given by the change in distance divided by the change in time. The change in distance will be given by how far the car travels, which can

following equation:

Ax =tivoid + 12 (vied +viyj )

Since the car travels for the same amount of time during both phases of its motion, both the time terms have the same value.
Ax = tvod +1 (vied +v1yj)

Ax = t(VOxi + V].xi + Vlyj )

The average velocity can now be found by dividing this result by the change in time, which will equal to the total time the car has traveled.

Ax
Vave = E

t(voxi +vied + vy )
Vave = 2

V());i + lei + Vlyj
va\}e = f

Vave = 0.5 (Vox + vix)1 + 0.5v1yj

Part (b) Create an expression for the direction of the car’s average acceleration in terms of vg,, v, and v;, during the transition between the horizontal

Express the answer in terms of tan(8), where 0 is the angle of the average acceleration vector relative to the horizontal.
The average acceleration is given by the change in velocity divided by the change in time. The change in velocity will be given by the final velocity minus the ini

in time, meanwhile, will be given by the total amount of time the car has traveled. We can set up the following equation:

Av
da, = —_—
weT At

(lei + Vlyj ) — Voxl

dave = At
Vix — Vox . Viy .
Aave = Tl + TI

Now, let's draw a triangle using the horizontal and vertical components of the average acceleration:
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dave

dave,y

dave,x

Aave,y
tan () = ——

Recall that the tangent function gives the opposite side divided by the adjacent side in a right triangle. We can therefore state the following relation based on our i
Aave x

‘We can now substitute in our results for the average acceleration, noting that the term with a coefficient of i represents the x-component of the average acceleratic
coefficient of j represents the y-component of the average acceleration.

tan (0) = %
( uAtOx)

tan (6) = -
Vix — Vox

Problem 25-4.23:

A car moves along a horizontal road with constant velocity v = v, until it encounters a smooth inclined hill, which it climbs with

constant velocity v{ = v;,i + v;,j as indicated in the figure. The period of time during which the car changes its velocity is Ar.
Randomized Variables

vox =31 m/s
Vix =25 m/s
viy=1.1m/s
At=1.1s
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Part (a) Give a vector expression for the average acceleration of the car during the given time period in terms of the variables in the problem and unit ve

This problem involves the relationship between velocity and acceleration in two dimensions. The solution requires the application of: (1) vector algebra to det
vector, and (2) Pythagorean's theorem to find the magnitude of the acceleration vector.

In this part, we are asked to find an expression for the average acceleration as a vector, given three quantities: the initial velocity, the final velocity, and the time t:

The average acceleration, written as a vector, is

- AV
dave = E

Here, we have

N Vi — W
dave = At

= é [(Vl.\' i+ Viy ]) - (VOX 1)]

It is very important to remember that we can only combine vector components along the same direction; that is, we can only combine those vector terms with

a (le — VOx)i + Vl)'j
ave At At

G =vo)i Vi
Al At

N
dave =

Part (b) What is the magnitude of the car's acceleration during the time period in question, in m/s??
Here, we apply Pythagorean's theorem to evaluate the magnitude of our result from Part (a).

The average acceleration, written as a vector, is

- (Vix = vor) i + vy j
e At At

The magnitude of this acceleration is found quite simply using Pythagorean's theorem, where the x-component is one side of a right triangle, the y-component is
magnitude is the hypotenuse!

= = w0y (Vly )2
|am|-\/< =)+ (2
=L\/(v -V )2+(v )2
IN; 1x 0x 1y

. _ 5
=11 s\/(25 m/s — 31 m/sY + (1.1 m/s)
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= 5.545 m/s’

Voila!

|Gave | = 5.545 m/s?

Problem 26 -4.2.4 :

An airplane starts at rest and accelerates at 5 g m/s2 at an angle of 7 5° south of west.

Part (a) After 7 s,how far in the westerly direction has the airplane traveled?

We are told that the airplane begins at rest and travel at an angle south of west. We must determine the horizontal component (due west) of its displacement.

Let "x" represent motion towards the west. The horizontal component can be found using the following kinematic equation:
1 5
x() = Eaxt + Voxt

where vo, = 0 is the initial velocity component.

x= %acos ) 12

= 3(563) cos @257 (7 s

=
Il

124.345 m

Part (b) After 7 s, how far in the southerly direction has the airplane traveled?

Let "y" represent motion towards the south. The appropriate kinematic equation for this situation is

1
y(@®) = anﬁ + voyt

where voy, = 0 is the initial velocity component. So along the y-axis we have }
y= %asin O

= %(5.6%‘) sin (25°) (7

y=57.983 m

Problem 27 - 4.2.6 :
Full solution not currently available at this time.

A boat leaves the dock at ; = 0.00 s and, starting from rest, maintains a constant acceleration of (¢ 207 m/s2)j relative to the water. Due to currents,
however, the water itself is moving with a velocity of (0.201 m/s)i + (1.01 m/s)j.

Part (a) How fast is the boat moving, in m/s,at r =4.01 s?

v = sqrt((a*t+vx)A2+vyA2)
v = sqrt((0.201%4.01+0.201)A2+1.01A2)
v=1426
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Tolerance: + 0.04278

Part (b) How far, in meters, is the boat from the dock at t =4.01 s?
s = sqrt((0.5%a*tA2+vx*t) A 2+(vy*t)A2)

s =sqrt((0.5%0.201%4.0142+0.201%4.01)A2+(1.01%4.01)A2)
s=4.719

Tolerance: + 0.14157

Problem 28 - 4.2.7 :

Full solution not currently available at this time.

The acceleration of a particle is constant. At ¢ = 0, the particle is at the origin and the velocity of the particle is vy = vyi + v,j. At time ¢ = T, the velocity of

the particle is v = v3j. Here v, v,, and v3 are constants with dimensions of length divided by time. All answers should be written in terms of vy, v, v3, T,
and the unit vectors i and j.

Part (a) What is the particle’s acceleration vector?

a=-vy/Ti+(v3-vp)Tj

Part (b) What is the particle’s position vector at r = 277?
r=2v3Tj

Part (c) What is the particle’s velocity vector at t =277

V=-V]i+(2V3-V2)j

Problem 29 -4.2.8 :
Full solution not currently available at this time.

A fighter jet takes off from the horizontal deck of an aircraft carrier. Starting from rest, it achieves a speed of 55 m/s as it rolls 80.7 m on the deck to the
end of the runway, at which point the jet leaves the deck and its acceleration changes to 4 ;7 m/s2 at 3¢ ;7 degrees above horizontal.

Part (a) What is the magnitude of the acceleration, in m/s2, of the jet while it is rolling on the deck?
a = (vA2)/(2*d)
a = (552)/(2%80.1)
a=18.883
Tolerance: + 0.56649

Part (b) What is the speed of the jet, in m/s, 3.8 s after it leaves the deck of the aircraft carrier?

v = sqrt((v+a*cos(th¥0.0174533)*t)A2+(a*sin(th*0.0174533)*t)A2)

v = sqrt((55+4.01*cos(30.1%0.0174533)*3.8) A 2+(4.01*sin(30.1%0.0174533)*3.8)A2)
v =68.61

Tolerance: + 2.0583

Part (c) What is the altitude (measured in meters, relative to the deck) of the jet 3.8 s after it leaves the deck of the aircraft carrier?
h = 0.5%a*sin(th*0.0174533)*tA2
h = 0.5%4.01%sin(30.1%0.0174533)*3.8A2
h=14.52

Tolerance: + 0.4356

Part (d) How far, horizontally in meters, is the jet from the end of the runway 3.8 s after it leaves the deck of the aircraft carrier?
d = v¥t+0.5*a*cos(th*pi/180)*tA2

d = 55%3.8+0.5%4.01*cos(30.1*pi/180)*3.8A2
d =234.048

Tolerance: + 7.02144

Problem 30-4.29:
Full solution not currently available at this time.

A spaceship is traveling at a velocity of Vo= (20.1 m/s)j when its rockets fire, giving it an acceleration of 3 = (2 g7 m/s2)j + (4 g7 mM/s2)k.

Part (a) How fast, in m/s, is the rocket moving 3.01 s after the rockets fire?
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v = sqrt((vo+ax*t)A2+(ay*t)A2)

v = sqrt((20.1+2.01%3.01)A2+(4.01%3.01)A2)
v =28.801

Tolerance: + 0.86403

Problem 31-4.2.10 :
Full solution not currently available at this time.

An airplane flies horizontally at a speed of 307 km/h and drops a crate that falls to the horizontal ground below. Neglect air resistance.

Part (a) If the altitude of the plane was 507 m, then how far, horizontally in meters, did the crate move as it fell to the ground?
x = sqrt(2*h/9.8)*(v0/3.6)
x = sqrt(2#501/9.8)*(301/3.6)
x=845.444
Tolerance: + 25.36332

Part (b) What was the speed of the crate, in m/s, just before it hit the ground?
v = sqrt(2%9.8*h+(v0/3.6)A2)
v = sqrt(2*%9.8%501+(301/3.6)A2)
v =129.655
Tolerance: + 3.88965

Problem 32 -4.2.11 :

Full solution not currently available at this time.

A secret agent skis off a slope inclined at @ = 25 degrees below horizontal at a speed of vy = /2 m/s. He must clear a gorge, and
the slope on the other side of the gorge is 4 = 10.1 m below the edge of the upper slope.

Part (a) What is the maximum width, w, of the gorge (in meters) so that the agent clears it?

w = vo*cos(th*0.0174533)*(sqrt((vo*sin(th*0.0174533))A2+19.6*h)-vo*sin(th*0.0174533))/9.8

w = 12%¢0s(25%0.0174533)*(sqrt((12*sin(25%0.0174533))A2+19.6%10.1)-12*sin(25%0.0174533))/9.8
w =10.969

Tolerance: + 0.32907

Problem 33 - c4.3.1 :
You throw a ball horizontally from the top of a building, with a speed of 3 m/s. In this problem, you can neglect the force of air resistance.

Part (a) After two seconds, what is the balls horizontal velocity?

In order to change an object's velocity in a given direction, forces must act on the object, and those forces must add as vectors to give a non-zero result in that san
interested in the horizontal direction. Since there are no forces in the horizontal direction, the velocity in the horizontal direction must remain the same as it was i
motion. Although there is a force of gravity acting on the object, it does not act in the horizontal direction, and so it only produces a changing velocity in the vert
this changing vertical velocity but constant horizontal velocity is what gives projectiles their characteristic parabolic shape.
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Problem 34 - c¢4.3.2 :
Consider the following situation concerning projectile motion.

Part (a) In a situation where there is no air resistance, can a projectile be thrown in such a way such that its velocity and acceleration vectors are perpen
some point along its path?

Let's examine the physics of this problem for a moment. The acceleration of the thrown ball will be straight down due to gravity. Therefore, in order for the veloc
vectors to be perpendicular, the ball must be going straight forward. If you throw a ball forward and at an upward angle, then at the exact moment the ball reache:
will have no velocity in the y-direction, but will still have velocity in the x-direction, meaning that such a throw creates a moment where the velocity and acceler:
perpendicular. You could also create this situation by throwing the ball straight forward such that velocity and acceleration are perpendicular the moment the ball
case, we have seen that it is clearly possible to create this situation, so the answer is

Yes.

Problem 35 -c4.3.3:

You throw a rock off of a cliff in the horizontal direction with a velocity, v. One second later you throw an identical rock with the same velocity, v, in the
horizontal direction.

Part (a) What is true about the distance between the two rocks beginning after you throw the second one?

Let's think about the physics of this situation. The rock that was thrown first will have gained a downward velocity due to gravitational acceleration before the se«
the second rock is thrown, both rocks will accrue downward velocity at the same rate because they are both equally affected by gravity. However, the first rock w
velocity than the second from the effects of gravity on it during its head start. Since the first rock always has a higher velocity, the second rock will gradually fall
widening the distance between them. The answer is therefore

The distance between the rocks will increase as time passes.

Problem 36 - c4.3.4 :

A ball is thrown off of a cliff with an initial velocity that is horizontal. There is no air resistance and it follows the path shown
(typical projectile motion).

Part (a) What direction is the acceleration of the ball?

Even though the ball continues moving to the right, this does not necessarily mean that it experiences any acceleration to the right. Rather, it could simply be that
with its initial horizontal velocity. Since there is no air resistance in this case, the only thing that is accelerating the ball is gravity. Therefore, the ball is indeed no
horizontal acceleration and is merely being accelerated downward.
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Problem 37 - ¢4.3.5:
Full solution not currently available at this time.
A projectile is launched from ground level at an angle of 30 degrees above the horizontal. Neglect air resistance and consider the motion from just after the
moment it is launched to just before the moment it lands on the ground.

Part (a) When is the projectile’s velocity equal to zero?

The projectile's velocity is never zero.

Part (b) When does the projectile have the smallest speed?
At the highest point.

Part (¢) When does the projectile’s speed equal its launch speed?

Just before landing on the ground.

Part (d) After launch, when does the projectile’s velocity equal its launch velocity?

The projectile's velocity is never equal to its launch velocity after launch.

Problem 38 - ¢4.3.6 :

Full solution not currently available at this time.

A projectile is launched from ground level at an angle of 30 degrees above the horizontal. Neglect air resistance and consider the motion from just after the
moment it is launched to just before the moment it lands on the ground.

Part (a) When is the projectile’s acceleration equal to zero?

The projectile's acceleration is never zero.

Part (b) At what point do the velocity and the acceleration have the same direction?

The projectile’s velocity and acceleration never have the same direction.

Part (¢) At what point are the velocity and the acceleration perpendicular?
At the highest point.

Problem 39 -4.3.1:

During a baseball game, a baseball is struck at ground level by a batter. The ball leaves the baseball bat with an initial speed v, = 25

m/s at an angle 6 = /5° above horizontal. Let the origin of the Cartesian coordinate system be the ball's position the instant it leaves
the bat. Air resistance may be ignored throughout this problem.

Part (a) Express the magnitude of the ball’s initial horizontal velocity v, in terms of v and 6.

Let's start by drawing a triangle from the horizontal and vertical components of the initial velocity:
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Vo

Vox

Recall that the sine function of an angle in a right triangle gives the opposite side divided by the hypotenuse. We can use this to write an equation to relate the ang
initial vertical velocity.

Voy
2 ino)
Vo

voy = vosin (0)

Part (b) Express the magnitude of the ball’s initial vertical velocity vg,, in terms of vy and 6.

Let's start by drawing a triangle from the horizontal and vertical components of the initial velocity:

Vo

Recall that the cosine function of an angle in a right triangle gives the adjacent side divided by the hypotenuse. We can use this to write an equation to relate the ¢
the initial horizontal velocity.
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Vox
—~ = cos (0)
Yo

vox = vocos (6)

Part (c) Find the ball’s maximum vertical height h,,,, in meters above the ground.
To find the maximum vertical height of the ball, we only need to look at the vertical motion of the ball. We will need to use a kinematic equation for this, so let's :
coordinates to have the origin at the ground and up as the positive direction. Now, let's go over our known values. We found an expression for the initial vertical v

(a), we know that the ball will experience acceleration downward due to gravity, and we know that the ball will have a final vertical acceleration of zero at the mc
maximum height. We can therefore use the following kinematic equation to find a value for how high the ball traveled:

Vo= v(z) + 2ad

Now, let's plug values for our system into this equation and solve for the maximum height.

Om/s ¥ =@Q25mfs - sin(15°)F +2- =98 m/s? - Apax
0=25m/s -sin(15°)f — 19.6 m/s 2 - Iy
19.6 m/s 2 - By = (25 m/s - sin (15°)7

(25 m/s - sin (15°))
19.6 m/s

hmax -

Bmax = 2.132 m

Part (d) Enter an expression in terms of v, 6, and g for the time 7,,,, it takes the ball to travel to its maximum vertical height.

As in part (c), we will only need to concern ourselves with the vertical motion of the ball to solve this problem. We can use the same coordinate system we used i
the same known variables with the addition of the ball's maximum height. Based on our known values, we can use the following kinematic equation:

v=nv +at

Now, let's plug in our variables, recalling that the velocity of the ball in the vertical direction will be zero when it reaches its maximum height.

0m/s = vysin(0) — gt

—vosin () = —gt

_ wosin(0)
g

Part (e) Calculate the horizontal distance x,,,,, in meters that the ball has traveled when it returns to ground level.

To solve this problem, we will obviously need to use another kinematic equation. We can let our coordinate system be the same as it was in parts (c) and (d). We
velocity of the ball from part (a). We also know that the ball experiences no horizontal acceleration during its flight. Finally, in part (d) we found an expression fo
takes for the ball to reach its maximum height. Due to the symmetry of this problem, the ball will take just as long to land as it did to go up, meaning that the tota
equal to twice the expression we found in part (d). With this information, we can set up the following kinematic equation for the ball's horizontal motion:
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1
d=vt+ Eatz

Let's begin plugging in variables (remembering that the time will be twice the expression that we found in part (d)) and solve for the total horizontal distance.

. . 2
Xmax = vocos (6) - (zw) + l-Om/sz- (2. M)
8 2 g

v% cos (0) sin (6)

Xmax = 2+ —————————————
g

oy (@55 Y - cos(15°) - sin(159)
" 9.81 m/s >
Xmax = 31.841 m

Problem 40 -4.3.2 :

A quarterback throws a football with an initial velocity v at an angle 6 above horizontal. Assume the ball leaves the quarterback’s
hand at ground level and moves without air resistance. All portions of this problem will produce algebraic expressions in terms of v, Pt
0, and g. Let the origin of the Cartesian coordinate system be the ball's initial position. ie

Part (a) Write an expression for the magnitude of the football’s initial vertical velocity vgy.

The velocity vector has both horizontal and vertical components. Knowing the angle and the magnitude of the velocity vector, the vertical component is found us

voy = vsin ()

Part (b) Find an expression for the magnitude of the football’s initial horizontal velocity v,.

The velocity vector has both horizontal and vertical components. Knowing the angle and the magnitude of the velocity vector, the horizontal component is found

vox = vcos (6)

Part (c) Write an expression for the total time, #,,,,;, the football is in the air.

Using the equations of kinematics, we can find the time of flight because the football is under the constant acceleration due to gravity.

= oyt + 2 g
y=vwyl+ 58

The ball starts and ends its flight at y = 0. Therefore, we can solve this for .

1
vyt = 5 gt?
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1

Yoy = Egl
Vov
t= 2&
8

f=2 (vsin (0))
8

Problem 41 -4.3.3:

A famous golfer strikes a golf ball on the ground, giving it an initial velocity v = v,i + vy,j. Assume the ball moves without air
resistance and its motion is described using a Cartesian coordinate system with its origin located at the ball's initial position.

y
Randomized Variables
vor =15 m/s
voy =10.1 m/s

Part (a) Determine the maximum height above the ground, h,,,, in meters, attained by the golf ball.

When the ball reaches its maximum height, it is momentarily at rest. We can use this information and the kinetic equations to find the maximum height, 2 = yyax

v = v(z)y + 2ay

0= vzoy +2gh
v,
h = Z
_ (101 m/sy
T 2(9.81 m/s)
h=5.199m

Part (b) Express the total horizontal distance, x,,,y, the ball travels until it returns to ground level in terms of v, vgy, and g.

As the ball flies upward and then back toward the Earth, it moves horizontally with a constant speed, since there is assumed to be no acceleration of the ball in the
the ball travels is
Xmax = Voxt

The time of flight can be found as twice the time it takes the ball to reach the maximum height.

vy = voy + at

(=) vy

8 8

t=

Vox (_Zvﬂy)
8

Xmax = Voxt =
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Note that when we substitute the value for the acceleration due to gravity that we will include the minus sign representing the downward direction. The result is t
write the magnitudes for each of the variables.

2 Vox Voy
8

Xmax =

Part (c) Evaluate the total horizontal distance, x,,,, in meters, the ball travels until it returns to ground level.

= vu(=2w)

xmax
g
2015 m/s)(=10.1 mvs)
- (-9.81 m/s?)
Xmax = 30.887 m

Problem 42 -4.3.4 :

A soccer ball is kicked from the ground at an angle of 8 = 58 degrees with respect to the horizontal. The hang
time of the ball is 7, = 2.4 s.

Randomized Variables
6 =58 degrees

tw=24s

Part (a) Numerically, what is the total horizontal distance, d,, in meters, traveled by the ball in the time, 7,,?

Numeric : A numeric value is expected and not an expression.
dy =

Th distance is 91ven 1;/ X= z"o.é‘-“{‘,‘éfxu — JM =Vt , Dnt  kow Yy | bot-

ox M
Vox =V, @5 © B nihal Vl‘[oc."b’ Vo, and [ F we uxe 7"'7’%4 VaYrat

in th Y"if(‘ccﬁ% of ?‘Vf o‘F Hee 'f;q‘ﬂw wé hawve o
O=V5/'(]G'—j.§zﬂ—,f—-p‘V: _J_i"_ _‘4@’—

Problem 43 -4.3.5:

While competing in the long jump, a person leaps over a smooth horizontal sand surface. She lands on the surface with speed vy = 5.25 m/s at an angle 0 =

30.5° below horizontal. Assume that the person moves without air resistance. Use a Cartesian coordinate system with the origin at her final position. The
positive x-axis is directed from her initial to her final position, and the positive y-axis is directed vertically upwards.

Part (a) Enter an expression for the jumper’s initial velocity vector in terms of v¢, 0, g, and the unit vectors i and j.

Let's think about the jumper's trajectory for a moment. She experiences no air resistance or other forces that could accelerate her horizontally, so her horizontal ve
constant throughout the jump. She also falls just as far as she goes up. As a consequence of this, her final vertical velocity should of the same magnitude and oppt

vertical velocity. As a result, we can determine her initial velocity from her final velocity. Due to the symmetric nature of her trajectory, we can therefore use a bi
with the angle and velocity with which she lands to determine her initial velocity.

Vo = vrcos (@)1 + vrsin(0) ]
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Part (b) Calculate the maximum height, in meters, that the jumper reaches above ground level.
Here, we want to model the vertical path from the beginning of the jump to its peak. We found what the initial vertical velocity is in part (a), and we know that th

the peak of the jump will be zero. We also know that the acceleration will simply be the acceleration due to gravity. Given these known variables, we want to picl
of motion that can use these to solve for the distance traveled. We will want to use the following equation:

v% = vi2 + 2ad
Now, we can plug the values from our scenario into this equation and solve it for the final height.

0= (stin (9))2 + 2 (—8) Mmax
0= (Vf&‘l}’l (9))2 - Zghmax

28hmar = (vysin (0))’

f (stin ((9))2
max — T

b (525m/s -sin (30.5°)7
" 2-9.81 m/s?

Tmar = 0.3615 m

Part (¢) What x position, in meters, did the jumper begin her long jump?

Let's start by examining our scenario. First, we want to find the distance from where the jumper landed to where she started. We took the direction of the jump to
so the distance we are finding is in the negative x-direction. As a result, we should expect a negative answer. Second, there is no acceleration in the x-direction th
a consequence, there is no way to find the distance traveled unless we know the amount of time the jump took. Our first goal, therefore, is to find out how long th
find this, we will want to figure out how long it took for her to complete the vertical part of the jump, as that will tell us how long she was in the air. For the portic
ground to the maximum height, we know the initial velocity, acceleration due to gravity, and the fact that the final velocity at the top of the jump will be zero. We
kinematic equation that tells us how long it took for her to reach her maximum height. Let's use the following equation:

VF =V +aty
Now let's plug in the variables for this scenario.

0 = vrsin(0) — gtu
8ty = vrsin (0)

_ vy sin (6)
g

Due to the symmetry of the jump, the total time of the jump will be twice the time taken to reach the maximum height. We can now express the total time in term
found.

t=2t,

-sin (0
2vj«sm()
8

Now that we know how long the jumper was in the air, we can use the following kinematic equation to solve for how far she traveled:
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(Xf —xo) =vit+ %atz

Now let's plug in our values and solve.

(0 = x0) = vrcos (6) <2%n(0)> +0

3o = 525 mls - cos (30.5°) - 2222 WS - sin(0)

9.81 m/s?
X0 = — <5.25 m/s - cos (30.5°) - 2M)
9.81 m/s
X =—2457Tm

Problem 44 - 4.3.10 :

Water leaves a fireman’s hose (held near the ground) with an initial velocity vy = 710.5 m/s at an angle 6 = 25° above horizontal.

Assume the water acts as a projectile that moves without air resistance. Use a Cartesian coordinate system with the origin at the hose
nozzle position.

Part (a) Using vy, 0, and g, write an expression for the time, 7,,, ., the water travels to reach its maximum vertical height.

At the maximum height, the water will momentarily have no vertical component of its velocity. We can apply the equations of kinematics to find the time the wat
height.

Vy = Voy + at = voy — Zfmax = 0
Solving for the elapsed time gives,

Voy
fmax = —

vosin (6)
8

Tmax =

Part (b) At what horizontal distance d from the building base, where should the fireman place the hose for the water to reach its maximum height as it st
this distance, d, in terms of vy, 0, and g.

In part a, we found the time it takes for the water to reach the maximum height. Now, we want to know how far it moves horizontally during that time. Since ther
horizontal direction, we can use the definition of average speed to get the horizontal distance.

d = Vylmax
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The horizontal component of the initial velocity remains constant and is written,
Ve = Vox = vocos (0)

Substitution this into the first equation and using the answer from part a gives,

d = vgcos (0) tmax = (vocos (0)) (VO M)
8

d= ‘% cos (0) sin (0)

Problem 45 -43.9:

A soccer ball is kicked from ground level across a level soccer field with initial velocity vector vy = 6 m/s at 6 = 15° above horizontal. The soccer ball feels
wind resistance which causes it to slow horizontally with constant acceleration magnitude a,=0.52 m/s2, while leaving its vertical motion unchanged.

Assume any other air resistance is negligible. Choose the positive direction of x from initial point towards final point of flight. Use a Cartesian coordinate
system with the origin at the ball's initial position.

Part (a) The ball travels through the air until it returns to the soccer field. Calculate the ball’s time of flight, 1y in seconds.

Here, we want to find how long the ball was in the air. As a result, we can ignore the velocity and acceleration in the x-direction and focus on the y-direction. The
up, and no other forces besides gravity are acting on it. As such, it will take the ball equally long to go from the ground to its highest point as it does for the ball t

to the ground. This means that we simply need to find the time it takes the ball to reach its highest point to find the entire time it was in the air. To begin, let's dect
into a horizontal and vertical components using trigonometry.

vo = vocos(0)i + vysin (0) ]

Now that we have found the vertical component of the initial velocity, we can begin setting up a kinematic equation for the y-direction. We just found the initial v
we know that the velocity in the y-direction at the ball's highest point will be zero, and we know that the acceleration in the y-direction is just gravity. Given thesc
to pick an equation of motion to solve for time. Let's use the following equation:

v =v; +at
Now let's plug in values for our scenario.
0 = wysin(0) — gt
gt = wysin (0)
_ vosin(0)
8

This gives us an answer for how long it takes for the ball to reach its maximum height. As mentioned earlier, the time that it takes for the ball to land will be just

reach its highest point, so the time the entire flight takes will just be twice as long as it takes for the ball to reach its maximum height. Thus, we can now solve for
the air.

tr =2t

4 =2 vosin (6)
g

_,6mls -sin(15°)

t
! 9.81 m/s >

fr=03168's
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Part (b) Calculate the horizontal distance, x,,,, in meters, the ball travels before it returns to the soccer field.

Here, we want to find how far the ball travels in the x-direction. We found the x-component of the initial velocity along with the time in part (a), and we know wt
case is. With this information, we can choose which equation of motion to use to find the total distance.

1
d=vit+ Eat2

Now, let's plug in our values. The only thing to watch out for is the fact that the acceleration in this case is opposing the direction of motion. Therefore, the accele
value.

1
Xnax = v0€05 (O) 1y + 5 (—ax) 17

1
Xmax = V0 COS (0) tr — Eaxtfz

Xmax = 6 /s - cos (15°) - 0.3168 s — % -0.52m/s? - (0.3168 s

Xmax = 1.808 m

Problem 46 - 4.3.6 (alt) :

A student throws a water balloon with speed v, from a height /2 =

1.96 m at an angle 6 = 38° above horizontal toward a target on the ground. The y
target is located a horizontal distance @ = 9.5 m from the student’s feet. Assume : v
that the balloon moves without air resistance. Use a Cartesian coordinate system
with the origin at the balloon’s initial position. g —e" """ S~
- ~.

b \s
Randomized Variables RN

h

6 =38 degrees

h=196m &
d=9.5m ! X =

Part (a) What is the position vector, Reayger. that originates from the balloon's original position and terminates at the target? Put this in terms
of /1 and d, and represent it as a vector using i and j.

Expression

Rtal'ge( =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(0), sin(0). @. B.6.i.j.d.g.h.m. P. r. t. vo

Part (b) In terms of the variables in the problem, determine how long, 7, after the launch it takes the balloon to reach the target. Your answer
should ot include 7.

Expression

t =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(0), sin(0). a. B.6.d. g. h.i. k, m.P.r. t vy

Part (c) Create an expression for the balloon’s vertical position as a function of time, ¥(7), in terms of 7, v,,, g, and 6.
Expression

yon=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(0), sin(0), . p.0.i.j.d.g. h m P, r. t. vy

Part (d) Determine the magnitude of the balloon's initial velocity, vy, in meters per second. by eliminating 7 from the previous two
expressions.

Numeric : A numeric value is expected and not an expression.

Vo=

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 36 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Diagy an ‘W’/\JI a) R=d0 -h7

. ;voaxgé
oy b) Tn fhe x-diteton Ok X
d

-;I'a‘él-( v, b %7 J

A ‘~ T

f————

) Tn fu \/—Jz(mf'nm y= jaélwo-é ty, =y = —;{-jé’\»\:omeé

d) P{Vj o onlt fom Par* ) mhb U st Fom QWV‘} (). yll=-h now
sme T I pnr+ (b)) eves @leolated of Ha W'\ML & """P"'C'k

2
s =Ly fd ) 4
,zj {Vo;m,\e ?){S)hg(){(ae)

2
“h-dtme:-39-12 25t ,
2 agte 7 i (h+dtn )

J
SRRV v S —
o el () [uz 270 /5

Problem 47 - 4.3.11 :
An arrow is fired with an initial velocity v, at an angle 6 above horizontal. Assume the arrow moves without air resistance. Use a
Cartesian coordinate system with the origin at the arrow's initial position to analyze the arrow's motion.

L
2
,

Part (a) Some time later the arrow makes an angle of 6 = 15 degrees with respect to the horizontal. Write an expression for the time, 7, that passes betwe:
fired and this later point.

Since there is no acceleration in the horizontal direction, we can write the expression for the horizontal component of the initial velocity as
vy = Vox = veos () = vocos (6p)

For the vertical direction, the acceleration due to gravity acts downward on the arrow throughout its flight. Therefore, using the equations of kinematics, we write
vy = vsin (0) = vosin (6o) — gt

‘We can solve the first equation above for an expression for v, then subsitute that into the second equation and solve for the time ¢.

_cos ()
=00 (@)

vsin (6) = vosin (6p) — gt

_ (vosin(8y)—vsin(0))
- 8
os(69)

- (vosln(ﬂo)— (vo o) )Sin(g))

cos(6)

4
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t= ‘i?o(sin (6o) — cos (6y) tan (0))

Problem 48 - 4.3.12 :

The cork from a champagne bottle slips through the hands of a waiter opening it, moving with an initial velocity vy = 7/ m/s at an angle 6 = 75° above

horizontal. A diner is sitting a horizontal distance d away when this happens. Assume the cork leaves the waiter’s hands at the same vertical level as the

diner and that the cork falls back to this vertical level when it reaches the diner. Use a Cartesian coordinate system with the origin at the cork's initial
position.

Part (a) Calculate the time, 7, in seconds, for the cork to reach the diner.
‘We know from the problem statement that the cork reaches the diner at the moment when it falls back to its initial height. As such, we can find how long it takes -
diner based on how long it takes for it to reach its maximum height and return to its initial height. Furthermore, since the cork falls the same distance that it goes

on it, the amount of time it will take the cork to fall back down to its original height is the same amount of time that it takes the cork to reach its maximum height

the amount of time that the cork takes to reach its maximum height and double that value to find the amount of time that it took for the cork to reach the diner. Nc
the first thing to do is to decompose our initial velocity into horizontal and vertical components.

vo = wcos (0)i + vysin(0)]

Now we have the initial vertical velocity. We also know that, if we are trying to find the time for the cork to reach its maximum height, that the final velocity will
know the downward acceleration due to gravity. Taking our known variables into account, we need to pick a kinematic equation that will allow us to find the time

Ve =V +at
Now that we have chosen an equation, let's plug in the values for this equation and calculate the time it takes for the cork to reach its highest point.
0 =wysin(0) — gt

gt = wysin ()

_ wosin(0)
8

. 11 m/s - sin(75°)
9.81m/s 2
Now that we have a value for the time it takes for the cork to reach its highest point, we can double it to get the time of the entire trip.

ta =2t

_ 21] m/s - sin (75°)

1
¢ 9.81m/s

tq = 2.166 s

Part (b) Reacting quickly to avoid being struck, the diner moves 2.00 m horizontally directly toward the waiter opening the champagne bottle. Determin
in meters, between the person and the diner at the time the cork reaches where the diner had previously been sitting.

According to the description, the diner is just two meters closer to the waiter than the original distance. This means that the first thing we want to do is solve for t
part (a), we found both the amount of time that the cork's journey takes and a decomposition of the initial velocity. We also know that there is nothing acting on t
horizontal velocity, so the acceleration is zero. Given all this information, we want to choose a kinematic equation that allows us to solve for the distance.

1
d=vit+ Eaz2
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Now let's plug our known values for this problem into the equation, using the horizontal component of velocity that we found in part (a) as our velocity.

di = vocos (@) ty+0

di =6.181m

This solves for the initial distance. Now all we need to do is subtract the two meters that the diner moved towards the waiter to get a final answer.

d=d; —2.00

d=6.181m —2.00m

d=4.181m

Problem 49 - 4.3.13 :

A student standing on a cliff that is a vertical height d = 8.0 m above the level ground throws a stone with velocity vy = 15 m/s at an

angle @ = 15 ° below horizontal. The stone moves without air resistance; use a Cartesian coordinate system with the origin at the } T
stone's initial position. !

Part (a) With what speed, vin meters per second, does the stone strike the ground?

The horizontal component of the stone's velocity throughout its flight does not change, since there is no acceleration. The expression describing this is
vy = vpcos (6)

The vertical component of the stone's velocity does vary with time because of the downward acceleration due to gravity that acts on it throughout its flight. Apply
kinematic equation gives the relationship between the vertical component of the velocity and the height from which the stone originates.

v} = 3sin® (0) + 2gd

Note that the acceleration vector and the vertical displacement vector both point downward, so the minus signs associated with g and d cancel each other.

The magnitude of the stone's final velocity is found using the Pythagorean theorem.

v = \/vf = v% = \/\/(2)6032 ) + v%sin2 0) + 2gd

Note that cos” (6) + sin® (9) = 1, which simplifies the above equation.

\/VE +2gd

/(15 M/ +2 (981 m/s?) (8.0 m)

vr

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 39 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

ve = 19.544 m/s

Part (b) If the stone had been thrown from the clifftop with the same initial speed and the same angle, but above the horizontal, would its impact velocit:

From part a, we see that angle that the stone is thrown doesn't enter into the final equation for the final velocity.

sz,/v(z)+2gd

Therefore, the answer will be the same no matter how the stone is shown with that initial velocity. Later, you'll learn about the conservation of mechanical energy
further clarified.

No

Problem 50 - 4.3.13 (alt) :
A student throws a stone from a cliff top position @ =8 m above a y
horizontal plane with initial velocity vy = 76 m/s at an angle 8 = 76° below -4

horizontal. The stone moves without air resistance; use a Cartesian coordinate
system with the origin at the stone’s initial position.

Randomized Variables

6 =-16 degrees
vo=16m/s

Part (a) With what speed, vrin m/s, does the stone strike the ground?
Numeric : A numeric value is expected and not an expression.
V=

Part (b) If the stone had been thrown from the clifftop in the same manner but upward instead of downward, would its impact velocity be
different?
MultipleChoice :

1) Yes
2) No

a) N sdones Y—thdq"l'y doss ot clﬂory) VeV, 8, T y«w(o:.'ﬂ/ on b fpond
with VEV tadx:

¥~ o , ,

o an = —d '/\VPS @n /

\/72:\/025!‘4"97‘ 2 d (a=-5 it ® “ J

V-l
Enal veloety v, =W=[v"(os‘e +,sm’e 1 2 47
] F y L% J
1/’2
f—[Vol*'?j'J] / vy = 20,3 mls

b) _Afg. TF frwtw bflvﬂfr!' on i+ wey down ol [ (wehed o '\n‘]lflf‘ o‘li
& medeis we woold b hack b e onjﬁm/ /;pb(m (alo ongmaton o

erryy L)

Problem 51 - 4.3.13 (alt2) :
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horizontal plane with initial velocity vy = 76 m/s at an angle 8 = 76° below
horizontal. The stone moves without air resistance; use a Cartesian coordinate
system with the origin at the stone’s initial position.

A student throws a stone from a cliff top position ¢ =8 m above a y
*
i
!

Randomized Variables

6 =-16 degrees
vp=16 m/s

Part (a) With what speed, v¢in m/s, does the stone strike the ground?
Numeric : A numeric value is expected and not an expression.

V=

Part (b) If the stone had been thrown from the clifftop in the same manner but upward instead of downward, would its impact velocity be
different?
MultipleChoice :

1) Yes
2) No

Q) M sdones X-ve l,;,,,'-/—y Y cbory) VyS v, 058, T y«w(a:.’ﬂ/ wn b Hond

with vEvitaax:
$o , ,
e and Bx=-d » s ane] |
\/y”:\/olsmlé ¥ :qul (a= J A nﬁ? “ J

la
Enal weloedy v, =W:[V’(os’e v, *sm*0 1 2 J]
/% y L% : J

= [Vol'f QJJ] 3
/
b) A/Z- TF Aawtn vfwar’t‘, on i+ L ay down whren F (wehed a i‘n']l//f- ,-{-;C
S predes wt woold be  hack b the Oﬂ:]l;lal /;nb(m, (aleo onseraton o

~€Mr7y ! )

V; ~ 20, 3"4/5

Problem 52 - 4.3.14 :

Apollo 14 astronaut Alan B. Shepard Jr. used an improvised six-iron to strike two golf balls while on the Fra Mauro region of the moon’s surface, making
what some consider the longest golf drive in history. Assume one of the golf balls was struck with initial velocity vy =25 m/s at an angle 6 = /5° above the

horizontal. The gravitational acceleration on the moon’s surface is approximately 1/6 that on the earth’s surface. Use a Cartesian coordinate system with the
origin at the ball's initial position.

Randomized Variables
vo=25m/s
6 = 15 degrees

Part (a) What horizontal distance, R in meters, did this golf ball travel before returning to the lunar surface?

From the equations of kinematics, we can find the horizontal position of the golf ball as a function of time.

X = t+ t2
W =a
0x 2

Since there is no acceleration in the horizontal direction, this simplifies to x = vo,t. In this equation, we know the magnitude and direction of the initial velocity,
time of flight. That can be determined by the ball's vertical motion. At the maximum height, the ball's vertical velocity component is momentarily equal to zero r
acceleration is that due to the Moon's gravity, which is downward with a magnitude of % .

sm0mm-()(3)=m -
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The elapsed time when the ball reaches the maximum height is one half the time of flight.
v sin (6
= 1222 _ gy, 50
8 8

Inserting this time into the equation for the horizontal distance R at the time of flight gives,
R = Voxt

= vycos (0)t

(vocos (0)) ( 12vo @ )
=1 21/‘2 cos(0)sin(8)
0 g

_ 12(25 I’I]/S)z cos(15°)sin(15°)
- ; (9.81 m/s?)

R =191.044 m

Part (b) What is the numeric value of the ratio, f, of the horizontal distance traveled on the moon to the horizontal distance the ball would travel on Eart
conditions?

In part a, we saw that the distance traveled is

R=2<2M)

W
0 a

where a is the downward acceleration due to gravity. On the Earth, the acceleration due to gravity is represented by g. The acceleration due to gravity on the Mo«
Therefore, the ratio of the horizontal range on the Moon to that on Earth is

f —  Rutoon

Rearn

cos(0)sin(0)
2,2 &8
( " (5
—_ 6/ 7
5 cos@)sin(6)
(2»0 —_—

Simplifying this gives,

f=6

Problem 53 - 4.3.15 :
A baseball slugger hits a pitch and watches the ball fly into the bleachers for a home run, landing # = 5.5 m higher than it was
struck. When visiting with the fan that caught the ball, he learned the ball was moving with final velocity vy= 30.15 m/s at an angle

0¢ = 25° below horizontal when caught. Assume the ball encountered no air resistance, and use a Cartesian coordinate system with
the origin located at the ball's initial position. 4

Part (a) Create an expression for the ball’s initial horizontal velocity, v,, in terms of the variables given in the problem statement.

The initial velocity vector of the baseball has components in both the horizontal and vertical directions. The horizontal component is given by
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vox = vocos (6p)

Since there is no acceleration of the ball in the horizontal direction after it leaves the bat and is flying through the air (because we are not including the effects duc
horizontal component of the ball's velocity at the end of its flight must be the same as that for the initial velocity.

Vox = Vfcos (F)f)

Part (b) Calculate the ball’s initial vertical velocity, Yoy in m/s.

The vertical component is given by

voy = vosin (6o)

The final y-component is given by

Vry = vrsin (theta)

Using kinematics, we can relate the initial and final vertical velocity components.

vfzy = ‘%y —28h

Voy = A /V}y + 2g1’l
= 4 /vjz-sin2 ) + 2gh

\/(30.15 m/s"2Vsin? (25°) + 2 (9.81 m/s*2) (5.5 m)

voy = 12.091 m/s

Part (c) Calculate the magnitude of the ball’s initial velocity, v, in m/s.

The vertical component of the initial velocity is given in terms of the final vertical component as

Voy = 4 /v_%y +2gh

The horizontal component of the initial velocity is given by
Vox = Vpx = vrcos (0)

since there is no acceleration in the horizontal direction.

Using Pythagorean theorem, we can find the initial velocity from its components.

2
vo Vi, + V5,

2
\/ va cos® (0) + ( v]%‘ + 2gh>

\/ vj% cos? () + v;y +2gh

\/vj% cos? () + vj% sin? (0) + 2gh

,/vjz- +2gh

\/ (30.15 m/s"2) +2(9.81 m/sA2) (5.5 m)

Note that: sin® (0) + cos® (0) = 1.
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vo = 31.889 m/s

Part (d) Find the angle 0, in degrees above the horizontal at which the ball left the bat.

The vertical component of the initial velocity is given in terms of the final vertical component as

Voy = ,/v%y +2gh

The horizontal component of the initial velocity is given by

Vox = Ve = vrcos (0)

since there is no acceleration in the horizontal direction.

The initial angle can be found by taking the inverse tangent, or arctangent, of the ratio of the vertical component to the horizontal component.

0y = arctan ( o )

Vox
A /v/zsinz(9)+2gh
= arctan e
(v, cos(ﬂ))
(30.15 m/sPsin2(25°)+2(9.81 m/s?) (5.5 m)
= arctan ((30.15 m/s)cos(25°))
6o = 31.033°

Problem 54 - 4.3.18 (alt) :

A basketball player shoots a free-throw with initial velocity vy = 9.5 m/s at an angle € = 34° above horizontal.
Use a Cartesian coordinate system with the origin located at the position the ball was released, with the ball’s horizontal
velocity component in the positive direction. Assume the basketball encounters no air resistance.

Randomized Variables

vp=9.5m/s
6= 34 degrees

Part (a) Create an expression for the basketball’s initial velocity vector, v¢, in rectangular form in terms of i. j. vy, €, and g.

Expression
Vo=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(), cos(0), sin(a), sin(g). sin(0), 0.6, g.i. j. m. t, v, vq

Part (b) Determine the maximum vertical height 7., in meters, the ball attains above the release point.
Numeric : A numeric value is expected and not an expression.

hnmx =

Part (c) What is the acceleration vector, a, in meters per square second?
Expression
a=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a), cos(¢), cos(0), sin(a), sin(@), sin(0), a. 0, g, i.j. m. t. v. vy

Part (d) Express the time, 7. the basketball takes to reach its maximum vertical height in terms of vy. 6. and g.

Expression

Part (d) Express the time, 7. the basketball takes to reach its maximum vertical height in terms of vy, 6. and g.
Expression

t =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a), cos(¢), cos(0), sin(a), sin(), sin(0), a. 0, g.i.j. m. t. v. vg

Part (e) Determine the time. 7 in seconds, the basketball takes to reach its maximum vertical height.
Numeric : A numeric value is exnected and not an exnression.
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a) (V coﬁé’ /g oo —auk i ije
b) A+ Ma Yimon Nr’h% V),.:O S0 ’Vo'f'lﬂA}’ - 0= V Sl e - J Max hMox

@,,NI%U

d) A4 waximom Nipt, ¢ 20 50 V 2y rok— 020 6 —gt

égtf o, S’Vs}

Problem 55 - 4.3.19 :

C) Thy mly aculaoton is JWLW"H, So

A punted football is observed to have velocity components vj,,,jzonrq = 135 m/s to the right and vy, = 1.25 m/s directed
downward at a height 4 = 1.1 m above the ground. Use a Cartesian coordinate system with the origin located on the ground at the
position the football was punted and assume it encountered no air resistance.

Part (a) Determine the football’s initial horizontal velocity magnitude v, in terms of vj, ;- onrals Vverticals & and h

There is no acceleration in the x-direction, so the velocity in the x-direction is constant.

Vox = Vhorizontal

Part (b) Calculate the time, 7 in seconds, the football moved between being punted and observed.

The velocity is related to the acceleration and time by the expression
v = (vo +at) m/s

where vy is the initial velocity in m/s, a is the acceleration in m/s? , and t is time in s. We know the final velocity but not the time or the initial velocity. To find the
relate it to the acceleration, final velocity, and distance by the expression

v% -} =2aAx
where Ax is the change in distance from the initial and final positions. In this case, the distance is h and the acceleration is from gravity. Solving for the initial ve

Yo = (V]% - zan)O'S = (vvemwl 2. ( g) h) - (Vzertical +2- 8- h)o‘s

V

Substituting into the first equation and being mindful of the directions,

0.5
Vi = ~Vvertical = Vo — 81 = (veertical +2-g- h) -8

Solving for the time,

0.5
((veem'cal +2- 8- h) + Vvertical)
8

=

Plugging in numbers and converting units as needed,
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(((1.25 m/sf +2-9.81 m/s? - 1.1 m)" +1.25 m/s)
(9.81 m/s?)

=

t=0.6178s

Problem 56 - 4.3.20-alt :
Full solution not currently available at this time.

An object rolls off a tabletop with a horizontal velocity vy, = 4 m/s. The table is at a height yy = 0.25 m, above the floor. Use a coordinate system with its

origin on the floor directly beneath the point where the object rolls off the table, its horizontal x-axis lying directly beneath the object’s trajectory, and its
vertical y-axis pointing up.

Part (a) How long, in seconds, is the object falling before it hits the floor?

1= (2*%y/9.81)20.5
t=(2%0.25/9.81)10.5
t=0.2258

Tolerance: + 0.006774

Part (b) What's the horizontal distance, in meters, from the edge of the tabletop to where the object lands?
x = v0*(2*y/9.81)A0.5
x = 4%(2*%0.25/9.81)A0.5
x=0903
Tolerance: + 0.02709

Part (c) What is the vertical component of velocity, in meters per second, when the object hits the ground?
vy, = -9.81%(2*y/9.81)A0.5
vy = -9.81%(2%0.25/9.81)10.5
vy, =-2.215
Tolerance: + 0.06645

Part (d) What is the magnitude of the velocity (it's speed) when it hits the floor?

Ivl = (vOA2+(-9.81%(2%y/9.81)A0.5)A2)A0.5
Ivl = (4A2+(-9.81%(2*%0.25/9.81)10.5)A2)A0.5
Ivl=4.572

Tolerance: + 0.13716

Problem 57 - 4.3.20 :

An object rolls off a tabletop with a horizontal velocity vy, = 1.1 m/s. The table is at a height yj = 0.15 m, above the floor. Use a coordinate system with its
origin on the floor directly beneath the point where the object rolls off the table, its horizontal x-axis lying directly beneath the object’s trajectory, and its

vertical y-axis pointing up.
Part (a) How long, in seconds, is the object falling before it hits the floor?

This problem involves the application of the equations of motion in two dimensions to a case of projectile motion, where the only force acting is the force due
important new concept to remember is that the motion along the x and y directions are independent of one another.

In this part, we are asked to find the time it takes for the object to reach the floor, so we can restrict our analysis to the motion along the y direction.
The solution involves three steps:

o determining which equation of motion to use

e making substitutions, using the appropriate signs for our known variables, into the selected equation of motion

e solving for time

Choosing an Equation of Motion
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‘When choosing which equation of motion is the most appropriate (or easiest) to use for a problem, it's important identify which variable we want and which variz
case, we want the time it takes the object to reach the floor, and we know 3 variables that apply to the motion along y: the initial height above the floor (i.e., the tc
initial y velocity, the the acceleration along y.

The equation that gives us time with the known variables is

L 5
y—Yo = voyt + ant

Making Substitutions

The problem tells us that the origin is on the floor and the +y direction is upward, meaning that the floor is located at
y=0

and the total y displacement is therefore —yy .

In addition, because the initial velocity is entirely along the x direction, the initial y component of the velocity is zero,
voy =0

Finally, we know that the only force experienced by the object as it falls is the force of gravity, meaning that the object is in free fall, and
ay = —§

where the negative sign indicates that the acceleration due to gravity points downward. With these substitutions, our equation for motion becomes

1 5
— = ——ot
Yo ) 8
or, more simply,
L »
= —gt
Yo ) 8

Solving for ¢

We can easily rearrange the above equation to solve for the time it takes the object to reach the floor,

Note that the time taken is independent of the initial horizontal speed of the object. That is, for the same initial height, it takes the same amount of time for an obj
as it does for an object that is traveling quickly along the tabletop!

Using our known values, we have

g ECAEE N TN
9.81 m/s?

t=0.1749 s

Part (b) How far, in meters, does the object land from the edge of the tabletop?
In this part, we are asked to find how far the object travels horizontally (once it has left the tabletop) before striking the ground.

From Part (a), we know the time it takes for the object to hit the ground, regardless of its initial horizontal velocity. As it turns out, time is the variable that conne
the object. For this part, we will use the 7 from Part (a) and restrict our analysis to the motion along the x direction.

The solution involves three steps:

e determining which equation of motion to use
e making substitutions, using the appropriate signs for our known variables, into the selected equation of motion

e solving for displacement along the x direction
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Choosing an Equation of Motion
We want to know the object's displacement along x, and we know 3 variables: the time it takes to hit the floor, the initial x velocity, the the acceleration along x.

The equation that gives us displacement with the known variables is

[
X — X0 = Voxt + Eaxt

Making Substitutions

The problem tells us that the origin is just beneath the point at which the object leaves the table, and +x direction is along the direction of travel, meaning that ini
object is

x0 =0

In addition, we are given the initial x velocity,
voy = 1.1 m/s

Because the only force experienced by the object as it falls is the force of gravity, the object does not accelerate along x,
a;, =0

Thus, we have

X = Vol

Using our result from Part (a) for ¢

e

Evaluating x

The total x displacement is thus

2(0.15 m)

x= (1.1 m/s
( )< 9.81 m/s’

> =0.1924 m

x=0.1924 m

Part (c) What is the vertical component of velocity, in meters per second, when the object hits the ground? Recall that the positive y-direction is upwards
In this part, we are asked to find the vertical component of the velocity just before striking the ground.

When the object rolls off the tabletop, it moves with both horizontal and vertical components to its velocity. Because the only force acting on the object is the for«
vertical component of the velocity changes. Because the acceleration due to gravity acts along —y, the vertical component of the velocity, initially zero, increases

Vy = —gt

We know the time of the fall from the expression found in part a.

2

Vy = —
y 8
8

_ 2(0.15 m)
= —(9.81 m/s?) g_glm:z

vy =—1.716 m/s
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Part (d) What is the magnitude of the velocity (it's speed) when it hits the floor?
In this part, we are asked to find the magnitude of the object's velocity just before it strikes the ground.

Because the object moves "over and down" as it falls, the final velocity has both x and y components! To find the magnitude of the velocity, v, we simply apply I
using the final x velocity as one side of a right triangle, and the final y velocity as the other side. Then, v is the hypotenuse. Voila/

(A very important side note: This is generally true for the magnitude of any vector quantity with x and y components.)
Our final velocity is thus given by
V= v,% + v>2
Because the only force acting on the object is the force of gravity, there is no acceleration along the x direction, meaning
Vx = Vox

And, as we found in Part (c),

Vy=—\/m

Thus, the magnitude of the final velocity is

v= 1/ + (—y/20) = \/ng +2gw0 = /(11 mis? +2 (9.81 m/s?) (0.15 m) = 2.038 /s

v =2.038 m/s

Part (e) Find the angle of impact, in degrees below the horizontal.

In this part, we are asked to find the angle at which the object strikes the ground. We're not looking for just any angle! The problem asks us to find the angle of im
That is, the problem really asking us the following: What is the angle between the final velocity vector and the
+x

direction, as measured below the

+x

axis?

If we sketch a right triangle, with the length of the top (horizontal) side of the triangle given by

Vx

and the length of the right (vertical) side of the triangle given by

Vy

, the hypotenuse is

. It doesn't take long to realize that the angle we are looking for, with a triangle drawn in this manner, is the angle between the top side of the triangle and the hypc
want the angle that satisfies the following relationships

vy = vsin(6)

vx = vcos(0)

A simple way of solving for
without needing to calculate

v
is dividing the two equations above,

Vy — v sin() — tan(H)

E v cos(0)

With this,

0= arctan(% )

where the

X

- and

y

- components of the final velocity are the inital velocity and the expression found in part c, respectively. It's important to note that, because this angle is measured

+x
, it should be negative. In addition, the question asks us to report the angle in degrees.
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(981—':‘) 2(0.15m)
2

2y 9812
oy GV A Y- Lo3)
0 = tan < o) > = tan (=)

0 =57.332°

Part (f) Enter an expression for the height of the object y, in terms of x, v, y(, and g. This expression should not depend on the time.

In this part, we are asked to find y (x), a function giving the vertical position of the falling object as a function of its horizontal position.

The origin of our coordinate system is indicated in the original problem statement: It's on the floor, directly beneath the point at which the ball leaves the table tog
yo = 0.15mand xp = 0.

Considering our equations of motion for the y, let's start with the following
2

1
y—Yo = voyt + anl‘

If we make the following substitutions

voy =0
ay = —8
we have
1
y=yo=—5gr

Solving for y,

R
y=)-738

The result is a function of ¢ rather than x, precisely what is not wanted. The natural question, then, is:
Can we write t in terms of x?

Let's look at our equations of motion for the x. This one looks perfect!

L
X — X0 = Voxt + Eaxt

Our substitutions, in this case, are
xo =0
a, =0
‘We now have a very simple equation

X = Vox!

and we can easily solve for # in terms of x

Putting our result for # into our equation for y,
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Problem 58 - 4.3.21 (alt) :
At the local swimming pool, the diving board is elevated /7 = 7.5 m above the pool surface and overhangs the pool
edge by L =2 m. A diver runs horizontally along the diving board with a speed of vy = 3.6 m/s and then falls into the pool.

Neglect air resistance. Use a Cartesian coordinate system with its origin at the position of the diver just before falling. Let the
direction that the diver falls be the negative y direction.

Randomized Variables
h=75m

vp=3.6m/s

Part (a) Express the time 7, it takes the diver to move off the end of the diving board to the pool surface in terms of vy, /2, L, and g.

Expression
t“' =

Select from the variables below to write your expression. Note that all variables may not be required.
o.Bp.0.a.b.c.d g hijkLmnPrtTv,

Part (b) Calculate the time, 7,, in seconds, it takes the diver to move off the end of the diving board to the pool surface.
Numeric : A numeric value is expected and not an expression.
t‘l' =

Part (c) Determine the horizontal distance, d,, in meters, from the edge of the pool to where the diver enters the water.

Numeric : A numeric value is expected and not an expression.
d“ =

£

{Sj a} KINW\GJ\Q 67(/avl'wr1 Y "a'é f\/,é*y’o"" - L‘: —;l'-j W
h
J

b) (€, .29

C) Kinems K c e?vw.-/-w,\ Y = j"a'é 2¢V°{— X, — )(:\/o—éw (€™ M end aF 1h I”dfd)
Total distane is L*X=L~f\/oéw | Z 6 Hem

Problem 59 - 4.3.21 :
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At the local swimming pool, the diving board is elevated /7 = 7.5 m above the pool surface and overhangs the pool
edge by L =2 m. A diver runs horizontally along the diving board with a speed of vy = 3.6 m/s and then falls into the pool.
Neglect air resistance. Use a Cartesian coordinate system with its origin at the position of the diver just before falling. Let the
direction that the diver falls be the negative y direction.

Randomized Variables
h=75m

vp=3.6m/s

Part (a) Express the time 7,,, it takes the diver to move off the end of the diving board to the pool surface in terms of vy, 72, L, and g.
Expression :
t“' =

Select from the variables below to write your expression. Note that all variables may not be required.
0.p.60,a.b.c.d. ghijkLmnPrtTyv,

Part (b) Calculate the time, 7,,, in seconds, it takes the diver to move off the end of the diving board to the pool surface.
Numeric : A numeric value is expected and not an expression.
by =

Part (c) Determine the horizontal distance, d,, in meters. from the edge of the pool to where the diver enters the water.

Numeric : A numeric value is expected and not an expression.
d” =

! 2

2
{S\‘[ a\ K'NW‘G;\Q 37,/,”'-‘.9” \/ ,Ia -\"\/o‘é*?’o'—" = 1‘\: 'i‘j{’w
h
J

) (¢, ~ 12

C') Kinemo K ¢ °7Vn7¢1on Xe jl'a‘é zfv‘,é Y, —> X:vaéw (‘ﬁvm He end "C th I”‘”'l)
Totel distana is Ltx=L<y4, [ = ¢ Yim

Problem 60 - 4.3.26 :
A quarterback can run with a speed of v, = 15 mph. He throws a ball with a speed of v, = 35 mph at some unknown angle 6 between 30 and 60 degrees,
which is measured from horizontal. Neglect air resistance.

Part (a) s it possible for him to catch his own pass?

For the quarterback to catch the pass, he must make the ball's horizontal velocity less than or equal to his own. So,

Vg > =vpcos (6) m/s

where vy, are the velocities of the quarterback and ball in m/s and @ is the angle the ball is thrown in rad. Solving for the angle and noting that arccosine decreas

15 miles/h

Vg
0> = arccos <V—h> = arccos (m

) = 64.6°

He has to throw at an angle equal to or over 64.6 deg.

Part (b) A receiver runs past the quarterback (just beside him) traveling at speed v,. If the quarterback releases his pass at that instant what would be t
would have to throw the ball for the receiver to catch it?

For the receiver to catch the pass, the quarterback must make the ball's horizontal velocity equal to the receiver's. So,

vy = vpcos () m/s

where v, are the velocities of the receiver and ball in m/s and @ is the angle the ball is thrown in rad. Solving for the angle,
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. vy _ 15 miles/h
= arccos ( o ) = arccos ( 35 miles/h)

0 = 64.6°

Problem 61 - 4.3.27 :
Ball A is rolled across the top of a table and as it reaches the edge it has a horizontal velocity, v. Just as it rolls off the edge another ball, Ball B, is dropped

from rest at the same height.
Part (a) Which ball will hit the ground first?

The initial horizontal motion of ball A does not affect its motion in the vertical direction as it rolls off the table. Thus, since both balls begin with an initial velocii
component, they will both accelerate from rest vertically and reach the ground below at the same time.

Both will hit the ground at the same time.

Part (b) At the time of impact for each, which ball will have the greatest speed?

The magnitude of the velocity for each ball as it reaches the ground will be equal to

v=\/v)2(+v%

The vertical component will be the same value for each ball, but only ball A has a horizontal component of the final velocity, therefore its value will be greater th.

Ball A

Problem 62 - 4.3.28 :

A projectile is launched at ground level with an initial speed of 35 m/s, at an angle of 25° above the horizontal. It strikes a target above the ground 2.7
seconds later.

Part (a) What is the horizontal distance, in metres, from where the projectile was launched to where it lands?

The horizontal distance the projectile travels is the product of the elapsed time and the horizontal component of the intial velocity, which doesn't change throughc
is assumed to be no acceleration in the horizontal direction.

x = wycos (0)t
= (35 m/s) cos (25°) (2.1 s)
X =606.614m

Part (b) What is the vertical distance, in meters, from where the projectile was launched to where it lands?

The vertical distance the projectile travels can be found by applying the equations of kinematics, since the constant downward acceleration due to gravity always

Y= voyt + ar?

vosin (0)t — %gt2

(35 m/s) sin (25°) (2.1 s) — (9.81 m/s”) (2.1 5)*
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y=

9.431 m

Solution

v

Problem 63 - 4.3.28 (alt) :

A projectile is launched at ground level with an initial speed of 50.0 m/s at an angle of
30.0° above the horizontal. It strikes a target above the ground 3.00 seconds later.
What are the x and y distances from where the projectile was launched to where it

lands?

v 50.0m/s)* .
Range of projectile on level ground: R =—2sin28 = Msméo.w =221m
g 9.80m/s”

The time in air is given as 3.00 s, so projectile landed above level ground. Find the

position relative to the launching point:

X =V, f= (50.0m s)(cos 30.0°‘)(3.00 s)=1.30x10*m

¥ =vo,t +%m2 - (50.0 m/s )(sin 30.0°)(3.00 s)—%(9.80 m/s?)3.005)’ =30.9m

Therefore, the projectile landed 1.30x10*> m horizontally and 30.9 m vertically from
the launching point.

Problem 64 - 4.3.29 :
A ball is kicked at ground level with an initial velocity of /5 m/s in the horizontal direction and /0.5 m/s in the vertical direction.

Part (a) At what speed does the ball hit the ground in m/s?

= \/v§+v§

= \/(15 misP + (10.5 m/sf

vr

= 18.31 m/s

Vy

=

Part (b) For how long does the ball remain in the air in seconds?

t t
=vota(3)=v0-(3)

Solving for the time gives,

2voy
8

_ 2(10.5m/s)

9.81 m/s’
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Due to the symmetry of the problem, the magnitude of the final vertical component of the initial velociy will be the same as that of the initial vertical component.
does not change during the motion, assuming no acceleration in the horizontal direction. Therefore, the magnitude of the final velocity is given by the Pythagorea

Due to the symmetry of the problem, the total time of flight can be found by first finding the time to reach the highest point, then multiplying that result by 2. Equ
half the total elapsed time, . We can apply the equations of kinematics again to find this time because at the highest point, the speed of the ball is momentarily ze
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t=2141s

Part (¢c) What maximum height is attained by the ball in meters?
The vertical distance from the ground to the highest point can be found by applying the equations of kinematics using the fact that at the highest point, the speed |
zero in the vertical direction.

vyz- = v(z)y +2ayy = v(z)y —2gy

Solving for the vertical distance when the final velocity is zero gives,
y= %
2

(10.5 m/sy
(2(9.81 m/s?))

y=5.619m

Problem 65 - 4.3.30 :

A ball is thrown horizontally from the top of a 55 m building and lands 705 m from the base of the building. Ignore air resistance, and use a coordinate
system whose origin is at the top of the building, with positive y upwards and positive x in the direction of the throw.

Part (a) How long is the ball in the air in seconds?

Let the initial position of the ball be at y = O m, then the ground is at y = h. Apply the equations of kinematics to find the time.

1
h = voy — Egt2

Solving for the time gives using an initial vertical component of the velocity equal to zero,

2
8

— 2(55 m)
V 981 m/s?

t=335s

Part (b) What must have been the initial horizontal component of the velocity, in meters per second?

Assuming there is no acceleration in the horizontal direction, the distance the ball travels is given by

d = vyt

Solving for the initial horizontal component of the velocity gives,

— d
VY = £
Ox .

= 2(55 m)

(981 mss2)

vor = 31.341 m/s
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Part (c) What is the vertical component of the velocity just before the ball hits the ground, in meters per second?

The vertical component of the final velocity is given by

Vy = voy — gt

2K
8

0-¢

2(55
= —(9.81 m/s?) —(9_;1 n‘:;))

vy = —32.866 m/s

Part (d) What is the magnitude of the velocity of the ball just before it hits the ground, in meters per second?

The magnitude of the final velocity is found using the Pythagorean theorem.

() o3

0

2
= |- oy (- (981 m/s?) [
2655 m) (9.81 mvs?)

(9.81 m/s2)

v =45.413 m/s

Problem 66 - 4.3.31 :

A daredevil is attempting to jump his motorcycle over a line of buses parked end to end by driving up a 32° ramp, measured from the horizontal, at a speed
of 40.0 m/s (144 km/h). The top of the ramp is at the same height as the roofs of the buses and each bus is 20.0 m long.

Part (a) How many buses can he clear?

We can find the number of buses by determining the horizontal distance the motorcycle and rider travel during the jump. Once that distance is determined, divide
find the number of buses. The range formula can be used or derived from the equations of kinematics.

sin(26
|2 SinC0)

R 0 g

. sin(64°)
(40.0 mjs)z (9.81m/s?)

146.6 m

Dividing the range by 20.0 m, the length of a bus, gives 7.33 buses. Only whole buses count here, so

n = 7 buses

Part (b) By how many meters does he clear the last bus?

In part (a), we found the range to be 146.6 m. The 7 buses account for 140.0 m of the horizontal displacement of the motorcycle, so there is an additional 6.6 m b

d=66m

Problem 67 - 4.3.32:
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An archer shoots an arrow at a target that is a horizontal distance d = 55 m away; the bull’s-eye of the target is at same height as the release height of the
arrow.

Randomized Variables
d=55m

Part (a) At what angle, in degrees above the horizontal, must the arrow be released to hit the bull’s-eye if the arrow's initial speed is 33 m/s?

The horizontal distance the arrow travels during its flight is given by the range formula.

-2 sin (20)
=1} —g

Solving this for the angle gives

. d
6= %arcsm (g—,>

i

= %arcsin

( (9.81 m/s?) (55 m))

(33 m/s)?

<
Il

14.85°

Problem 68 - 4.3.33 :
A rugby player passes the ball 6.2 m across the field, where the ball is caught at the same height as it left his hand.

Part (a) At what angle, in degrees above the horizontal, was the ball thrown if its initial speed was 12.0 m/s, assuming that the smaller of the two possible

The horizontal distance the ball travels during its flight is given by the range formula.

d= v(z) sin (26p)

Solving this for the angle gives

. (gd
6 = %arcsm (g—,)
v

= Laresin (

(9.81 m/s?)(6.2 m) )
2

(12.0 m/sy

12.492°

6o

Part (b) What other angle, in degrees above the horizontal, gives the same range?

In part (a), the angle given from the range formula is the smaller of two possible angles for the same range. This occurs because two different angles can have the
sine function. We know that the two angles we are looking for must be less than 90 degrees. It turns out that their sum is equal to 90 degrees.

6’ = 90 — %arcsin (g—f)
Yo
_ 1 . (981 m/s?)(6.2m)
= 90 — Jarcsin <—(12,0m/s)2 )
6o’ =77.508

Part (¢c) How long, in seconds, did the pass of part (a) take?

From the equations of kinematics, the horizontal distance the ball travels is equal to
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d = voxt = vocos (6p) t

Using the expression for the angle found in part (a), we can solve for the elapsed time.

- —d__
— (vcos(9))

d

vocos | Larcsin s
(18 7 arcs 3z

(6.2m)

<(12.0 m/s)cas(%anu’in(w ) ) )
2 (120 m/s)2

t=0.5292s

Problem 69 - 4.3.34 :
Find the ranges for the projectiles shown in the figure at an elevation angle of 45° and the given initial speeds.

(a)

Part (a) Find the range, in meters, for the projectile with a speed of 30 m/s.

The horizontal distance the projectile travels during its flight is given by the range formula.

_ sin(20)
R=vi——

_ o sin(2-45%)

= (30 m/sy (9.8 m/s?)
R=91.8m

Part (b) Find the range, in meters, for the projectile with a speed of 40 m/s.
The horizontal distance the projectile travels during its flight is given by the range formula.
_ 2 sin(20)
R= v —

sin(2-45°)
(9.8 m/s?)

(40 m/sy

R=163m

Part (¢) Find the range, in meters, for the projectile with a speed of 50 m/s.

_ 2 sin(26)
R=v"

5in(2-45°)

2 s
= (50 m/s) (9.8 m/s?)
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R =255m

Problem 70 - 4.3.34-alt :
Find the ranges for the projectiles in the figure for the elevation angle of 8 = 30.7° and the initial speeds given in the data below.

Part (a) Find the range, in meters, for the projectile with a speed of 5.5 m/s.

The horizontal distance the projectile travels during its flight is given by the range formula.

_ .2 sin(26)
Ry = v; —

_ sin(2-30.1°)
= (5.5 m/s) sm)

R =2.679m

Part (b) Find the range, in meters, for the projectile with a speed of 75 m/s.

The horizontal distance the projectile travels during its flight is given by the range formula. Since v2 > v, we expect that the range will be larger than that from |

_ .2 sin(20)
Rz =V —g

_ 2 sin(2:30.1°)
= (15 m/s) Bsms)

R> =19.923m

Part (c¢) Find the range, in meters, for the projectile with a speed of 25 m/s.
The horizontal distance the projectile travels during its flight is given by the range formula. Since vz > v, > vy, we expect that the range will be larger than that
_ .2 sin(20)
Rs = v <

sin(2-30.1°)

_ 2
= (25 m/s) (9.8 m/s?)

R3; =55.342 m

Problem 71 - 4.3.35-alt :
Consider a projectile being launched with an initial speed of 40.5 m/s at a variety of initial angles. Refer to the figure.
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Part (a) What is the range, in meters, of the projectile if it is launched at an angle of 0; = 70.1°?

The horizontal distance the projectile travels during its flight is given by the range formula.

Rl _ V2 sin(20)

= g2
_ sin(2-70.1°)
= (40.5 m/sy ame)
R =107.137m

Part (b) What is the range, in meters, of the projectile if it is launched at an angle of 0, = 35°?

The horizontal distance the projectile travels during its flight is given by the range formula.

R2 — V2 sin(20)

0 ¢
_ sin(2-35°)
= (40.5 m/sy Bame)
Ry =157279 m

Part (c) What is the range, in meters, of the projectile if it is launched at an angle of 63 = 90 — 70.7°, the complement of 6,?

Due to the properties of the sine function, the value of sin (20) = sin (2 (90 — 6)), so we expect to get the same answer as that found in part (a).

_ .2 sin(2(90-6))
Ry = L
= S $in(2(90-35%)
= (40.5 m/sy o5
R3; =107.137 m

Problem 72 - 4.3.35:
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v, = 50 m/s

", - - -

1= ;
45" E

15°T1 - ' : -
fe——AR=128 M —=

|- HA=255m -]

Verify the ranges shown for the projectiles in  the figure  for an initial velocity of

50 m/s at the given initial angles.

Solution 50.0 m/s ) sin 26 )
R= (50.0 m/s)’sin % forvy =50m/s: R =128mfor § =15%and 75°

g
R=255mfor @ = 45°.

Problem 73 - 4.3.36 :
The cannon on a battleship can fire a shell a maximum distance of 32.0 km.

Part (a) Calculate the initial speed of the shell in meters per second. Neglect air resistance to make the problem easier.

To achieve the maximum distance, the cannon must be fired at an angle of 45 degrees above the horizontal axis. If we assume that the initial and final heights of t
can use the range formula.

%
R = —sin (260)
8

Twice the angle equals 90 degrees, so the sine term is equal to 1.

Solving for the initial speed, we find

voz\/@

= \/ (9.80 m/s?) (32000 m)

vo = 560 m/s

Part (b) What maximum height does it reach in meters?

To find the maximum height /1, we can use the equations of kinematics, knowing that at the maximum height, v, = 0 m/s. The initial velocity was found in part a

V= v%y +2gh

»2

= o
9
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(vosin(45°))
= (2g)

_ (560 m/s sin(45°)¢
(2(9.80 m/s?))

h = 8000 m

Part (c¢) The ocean is not flat, because the Earth is curved. Take the radius of the Earth to be 6.38 x 103 km. How many meters lower will its surface be 3
measured along a line that is tangent to the surface of the Earth at the location of the ship?

The first part of the problem assumes the shell starts and ends at the same height. Because the shell is traveling a great distance, the curvature of the Earth is an in
Consider the following image illustrating the situation. The shell is launched at a point on the right side of the circle, which represents Earth. The hypoteneuse of
distance from the center of the Earth to where the shell would end, if it only traveled in a straight line.

The angle alpha can be found,

32.0 km

a = arctan (76380 km

) = 0.2874 degrees

_R_
—  cos(a)

_ 6380 km
c0s(0.2874 degrees)

= 6380.080 km

The distance above the surface of the ocean is then,

d =x— R =6380.080 km — 6380.000 km

d=280m

Problem 74 - 4.3.36-alt :
The cannon on a battleship can fire a shell a maximum distance of 25 km.

Part (a) Calculate the initial speed of the shell, in meters per second. Neglect air resistance to make the problem easier.

To achieve the maximum distance, the cannon must be fired at an angle of 45 degrees above the horizontal axis. If we assume that the initial and final heights of t
can use the range formula.

o
R = —sin(20)
8

Twice the angle equals 90 degrees, so the sine term is equal to 1.

Solving for the initial speed, we find

vo=\/ﬁ

\/ (9:80 m/s?) (25 km) (10022

vo = 494.975 m/s

Part (b) What maximum height, in meters, does it reach?

To find the maximum height /2, we can use the equations of kinematics, knowing that at the maximum height, vy = 0 m/s. The initial velocity was found in part a
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v% = v%y +2gh

2
h= o

_ (vpsin(45°)7
2g

— &R .2 o
= sin (45°)
— R .2 o

= Zsin (45°)

25 km)(—":lt’“:" )

sin? (45°)

h =6249.992 m

Part (c) The ocean is not flat, because the Earth is curved. Take the radius of the Earth to be 6.38 x 103 km. How much lower, in meters, will its surface k
measured along a line that is tangent to the surface of the Earth at the location of the ship?

The first part of the problem assumes the shell starts and ends at the same height. Because the shell is traveling a great distance, the curvature of the Earth is an in
Consider the following image illustrating the situation. The shell is launched at a point on the right side of the circle, which represents Earth. The hypoteneuse of
distance from the center of the Earth to where the shell would end, if it only traveled in a straight line.

The angle alpha can be found,

R
a = arctan (—)
r

where r is the radius of the Earth.

r
= Cos (arctan (a))

The distance above the surface of the ocean is then,

d=x—r

— —0380000km __ _ 6380 000 km

cn.v(arcmn ( % ) )

d=48.981m

Problem 75 - 4.3.37 :
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An arrow is shot from a height of 1.5 m toward a cliff of height H . It is shot with a
velocity of 30 m/s at an angle of 60° above the horizontal. It lands on the top edge of
the cliff 4.0 s later. (a) What is the height of the cliff? (b) What is the maximum height
reached by the arrow along its trajectory? (c) What is the arrow’s impact speed just
before hitting the cliff?

luti ) [ R )
solution (a) ¥ =\'0_,r+%ar' - (30 my/s )(sin 60° (4.0 s)+%(— 98m/s* [4s) =255m

H=15m+y=27.0m

(b) v* =17 +2ay
0 = (30.0nvs) (sin 60°) + 2(— 9.8 /s’ )1
¥y=344m
H=3444m+15m=36.0m

(€) vg, =y, +at = (30 m/s)sin 60°)+ (-98m/s*(4.05)=132m/s

5

2.2
Vo= vg Vg

v =4/(30 c0560°)2 + (13.2 )2 (m s)=20m/s

Problem 76 - 4.3.38 :

10/1/19, 6:57 PM

In the standing broad jump, one squats and then pushes off with the legs to see how far one can jump. Suppose the extension of the legs from the crouch

position is 0.55 m and the acceleration achieved during the time the jumper is extending their legs is /.05 times the acceleration due to gravity, g .

Part (a) How far can they jump in meters? Assume the person leaves at an angle of 45° and on level ground.

We begin by using the information given to determine the initial velocity of the person jumping. The person starts from rest and moves through the distance d wt

V2 = 2ad
The person is launched at a 45 degree angle and reaches a maximum height at time #, which is half of the elapsed time for the jump.
Vyf =Wy0 —gt =0

V;
1= 20 = W in (459
g g

The distance of the jump is
x = vox (20)
= 2wycos (45°) (- sin (45°))
-25(9)(%)

2ad
8

—  2(1.05g)(0.55 m)
g

x=1.155m
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Problem 77 - 4.3.39 :
The world long jump record is 8.95 m (Mike Powell, USA, 1991).

Part (a) Treated as a projectile, what is the maximum range, in meters, obtainable by a person if he or she has a take-off speed of 8.2 m/s? Assume the i
and the initial velocity makes an angle of 45° with the horizontal.

The maximum distance, or range, of the jump can be derived using the kinematic formulas. Assuming no acceleration in the horizontal direction, the range is
R = wycos (45°)t
The elapsed time is not known, however it is twice the time it takes the jumper to reach the maximum height, where the vertical component of the velocity is mor

vy =0=wy —gT

Yoy _ (vosin (45°))
8 8

T =

The distance of the jump is then

R = wocos (45°) (2T)

— 2(vocos(45°))(vosin(45°))

_ (82m/sy
9.8 m/s?

R=06.861m

Problem 78 - 4.3.40 :

Serving at a speed of 170 km/h, a tennis player hits the ball at a height of 2.5 m and an angle 6 below the horizontal. The service line is 11.9 m from the net,
which is 0.91 m high.

Part (a) Find the angle 0, in degrees, at which the ball just crosses the net.

The ball, though it's moving very fast, does not follow a straight line. Therefore, one must apply the equations of kinematics in both the horizontal and vertical di
coordinate system with the origin directly below the center of the ball at 0.91 m above the ground, so the initial height is at yo = 2.50 — 0.91m = 1.59m. The ge
height of the ball with respect to this origin is

1
y=yo —vosin(@)t— ngz
In the horizontal direction,

x =wcos (O)t

When the ball has reached the top of the net, it has traveled 11.9 m in the x-direction and is at y = 0 m. The initial velocity of the ball is 170 km/h, which is equal
information, we can complete the solution.

L
= (vocos (0))

. 1 x
y=0=yp —vosm(e)l—ig(W)
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2
. L 1 L
Yo = vosin (9) < (vocos(0)) ) + 58( vocos(6) )

1 sL?
Ltan (0) + 5(W>

A useful trigonometric identity is

1

1 2@ = ——
+ tan” (0) (cos2 (0)>

Applying this, we can rewrite the equation for yg as

12 12
8y ) +ran@ + ( £ @) =0
2\% 2v(2)

Now, apply the quadratic formula to solve for tan (6).

L2 12
(-4 -0) (5)

tan (0) = -
2(& -
2z 0

0 = arctan

m/s2 m)2 m/s2 m2

(7(11,9 m)+\/(l 1.9 m)2—4< CROmZ)Am? 5 50-0.91 m)> (M»
2472 m/s)2 2(47.2 m/s)2
= arctan (980 m/s2)(11.9m)2
2 247.2mis)2 ~(2:50-091m)

6=6.1°

Part (b) At what distance, in meters, from the service line does the ball land?

R =wcos (@)t

1
y=0=yy —vosin(@)t— Egt2

e (\;Osin(e)i, [vys5in(@)F —4(3) (—g))

2()’0)

( . \/ N (9.80 mys2)
(47.2 m/s)sin(6.1%) 4 [ (47.2 m/s)sin(6.1°) 7 —4(2.5 m)(— )

2

2(2.5m)

= 0.367s

R = wvocos (O)t

= (47.2 m/s) cos (6.1°) (0.367s)

R=17m

Problem 79 - 4341 :

A football quarterback is moving straight backward at a speed of 3./ m/s when he throws a pass to a player /5 m straight downfield.
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Part (a) If the ball is thrown at an angle of 25° relative to the ground and is caught at the same height as it is released, what is its initial speed relative to

To determine the initial velocity of the ball, we can apply the range formula, since the distance thrown is given and the launch angle 6.

range =d =V} sin (20)

Solving for the initial velocity gives

= dg
vo sin(26)
- (15 m)(9.80 m/s*)
5in(50°)
vo = 13.853 m/s

Part (b) How long does it take to get to the receiver in s?

In the horizontal direction, the ball moves through a distance

d = voxt = vocos (0) t

Using the result from part a and solving for the elapsed time at which the ball is caught gives

- —d
= Goeost®)
___d
= <, / m:—;)ow(ﬂ))
(15m)
= ( Usmif/ijg:)“k) m,v(25°)>
t=1.195s

Part (¢) What is its maximum height above its point of release in m?

At the maximum height, the vertical component of the ball's velocity is momentarily equal to zero m/s.

vf = V(Z)y +2gh=0
Solvinf for the height, we find

_ (vosin(0))
2

" 2
dg .
= ( sin(26) sm(€)>

2

2
asmy(9.80mis2)
( (7)sm(25°))
= sin(50°)

(2(9.80 m/s?))

h=1749m

Problem 80 - 4.3.43 :

An eagle is flying horizontally at a speed of 2.5 m/s when the fish in her talons wiggles loose and falls into the lake 4.2 m below.

Part (a) Calculate the magnitude of the velocity of the fish relative to the water when it hits the water in m/s.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

Page 67 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

To determine the magnitude of the final velociy of the fish, we must use the pythagorean theorem, knowing the final vertical and horizontal velocity components.
moving horizontally at the same speed as the eagle. Also, there is assumed to be no acceleration in the horizontal direction.

Ve = vox = 2.5 m/s

There is initially no y-component for the velocity, but the fish accelerates downward due to the gravitational acceleration.

V= v(z)y +2gh

vy = 4/2gh

where / is the vertical distance that the fish falls to the surface of the lake.

v= /v 413

Vi +2gh

\/ (2.5 m/s® + 2 (9.80 m/s?) (4.2 m/s)

v=9411 m/s

Part (b) Calculate the angle, in degrees, by which the fish's velocity is directed below the horizontal when the fish hits the water.

Using the x- and y-components from part a, we can find the angle.

0 = arctan (‘v—:)

=)

= arctan <v_

\/2(9.80 m/s?) (4.2 m)
arctan | —————

2.5m/s

6 = 74.595 degrees

Problem 81 - 4.3.44 :
An owl is carrying a mouse to the chicks in its nest. The owl] is at that time is 4 m west and /0.5 m above the center of the 25 cm diameter nest, and flying
east at 3./ m/s at an angle 25° below the horizontal when it accidentally drops the mouse.

Part (a) Calculate the horizontal position of the mouse when it has fallen 70.5 m, assuming the nest is at the origin of a coordinate system with east being
The initial position and initial velocity of the mouse is the same as that of the owl. To solve this problem, we use a coordinate system centered on the nest.

The horizontal position as a function of time is

x=xp + vocos (0)t

The only thing we do not know in this equation is the elapsed time, which can be determined from the motion in the vertical direction. The mouse is initially at a
and its final position is at y = Om.

y=0=h—vsin@)¢t— %gtz

Rearranging this and applying the quadratice formula gives,

\/vgsirﬂ ©) -4 (%) (=h)
2(%)

t = —wsin(0) £
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Only positive times make sense here.

\/VEsin? (0) + 2gh
8

t = —wsin (0) +

£/ Vesin®(0)+2gh >

= X0 + vocos (6) <—vosin ) + 2

X =
_ ¥ cos(0)4 /v2sin(0)+2gh
= xo — ?"cos (0) sin (6) + v +
_ G mis} o . 3.1 m/s)cux(25°)\/(34 m/sy sin?(25°)+2(9.80 m/s?)(10.5 m)
-4 — Tos0ms) cos (25°) sin (25°) + 50 me)
x = —0.245714271878358 m

Part (b) How far from the east edge of the nest did the mouse fall, in centimeters?

The answer in part a is the distance toward the west that the mouse is relative to the center of the nest. Here were are asked for the distance from the east edge, so
the nest to the absolute value of the answer from part a, in centimeters.

d= |X|+r

cos(0)4 /vé.vinz(9)+2gh
—_—+7r

= xo — gcos 0) sin (6) + wo 7l

o : o 2
L, Gl o~ . (3.1 m/s)cos(25 )\/(31 m/sY sin?(25°)+2(9.80 m/s?)(10.5 m) 100 em 25 em
| =4 = (o may €08 (25 5in 25°) + 550w (L5kem) 4 2cm

d=37.071cm

Problem 82 - 4.3.46 :
Suppose a goalkeeper can give the ball a speed of 25 m/s.

Part (a) What is the maximum horizontal distance the ball could go in meters?

The maximum range for a projectile occurs when the launch angle is 45 degrees. The range of the ball is given by

_ 2 sin(20)
R= v —
_ 2 sin(90°)
= (25 ms) (9.80 mv/s?)
R =63.776 m

Problem 83 - 4.3.47 :
The free throw line in basketball is 4.570 m (15 ft) from the basket, which is 3.050 m (10 ft) above the floor. A player standing on the free throw line throws

the ball with an initial speed of 7.157 m/s, releasing it at a height of 2.440 m above the floor.

Part (a) At what angle above the horizontal must the ball be thrown to exactly hit the basket? Give your answer in degrees.

The ball is moving in both the horizontal and vertical directions during the elapsed time. The appropriate kinematic formulas for the position as a function of tim¢

1
y=Yo +vosin(@)t— Egtz
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x =wycos(0)t

The elapsed time for the ball to travel the horizontal distance L to the basket is

_ L
~ vocos (0)

During this time the ball moves upward a distance

1
h=y—yy=wsin(0)t— Egt2

h=Y—)

vosin (0) t — %gt2

2
vosin (6) < Vocos(6) ) 2g( vocos(6) )

Lian 0) - (=557 )

A useful trigonometric identity is

1

1 20 = ——
+ tan” (0) (cos2 (0)>

Applying this, we can rewrite the equation for 4 as

12 12
nt L) S Lanoy + 2 3 ) a2 0) =
2\ 2 2\ 2

Now, apply the quadratic formula to solve for tan (6).

<_(—L)J_r\/—L2_4<gvgz> <h+ iiz >)

tan (0) = g
2 (8
(5)
(L: (-Ly 4
0= tan™ 12
2 &
( 5
) (9.80 m/s2 ) (4.57 m) 2 (9.80 m/s2 ) (457 m) 2
457 m | —(4.57 my—4| ST (0 610 my 22T
| 27 157—) 2%
= tan~
9 (9.8(||n/sz)(4.572n\):
271572
0 = 48.74°

Problem 84 - 4.3.49 :
A basketball player is running at 4./5 m/s toward the basket when he jumps into the air to dunk the ball. He maintains the same horizontal velocity while in
the air.

Part (a) What vertical velocity does he need to rise 0.750 m above the floor in m/s?

From the information given, the equations of kinematics can be used to determine the vertical component of the initial velocity of the player.
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v =5, =28 (v = o)

s = 0 + 28 5= y0)

VO /s +2 (9.80 mis?) (0.75 m)

voy = 3.834 m/s

Part (b) At what horizontal distance from the basket, in meters, must he start his jump to reach his maximum height at the same time as he reaches the t

Time is the parameter that links the motion in the horizontal and vertical directions. In the horizontal direction,
X = Voxt
The time is unknown, but it can be found from the motion in the vertical direction.

vy = voy — 8t

(voy = w)

8

X = Voxt
_ o (ew)
- Vox ‘g !

_ (4.15m/s)(3.83 m/s)
- (9.80 m/s?)

x=1.622m

Problem 85 - 4.3.50 :

A football player punts the ball from the ground at a 45.0° angle above the horizontal. Without an effect from the wind, the ball would travel 6/ m before
falling back to the ground.

Part (a) What is the initial speed of the ball in m/s?

From the range of the ball's motion we can find the ball's initial velocity. the range is given by

R=1? sin (20)

o g
Vo = R
0 sin(20)
— (9.80 m/s?) (61 m)
5in(2(45°))
vo = 24.45 m/s

Part (b) When the ball is near its maximum height it experiences a brief gust of wind that reduces its horizontal velocity by 7./ m/s. What total distance,
horizontally before returning to the ground?

The horizontal component of the velocity is reduced by the wind gust for the second half of the ball's flight. The time of flight is not affected by the wind gust. Dt

flight, the ball travels, d; = 6—2] m. The time for half the flight is
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L
% T vox | wocos ()

The distance the ball travels during the second half of its flight is

di

dy = Vet = vy———
=Y v vocos (0)

The total distance the ball travels is then

d
di + vy Vocos(d5%)

dl (V(lx —Veust ldl
vocos(45°)

(v0c0s(d5°) vy )dy
vocos(45°)

9.80 m/s2
< Lo 45011 m/s>("_z' m)

=d +

5in(2(45°))

Slm+

2 (9:80 m/s2 ) (61 m) 450
Sin(2(45°)) (cos(45%)

x =159.059 m

Problem 86 - 4.3.52 :
Full solution not currently available at this time.

A bullet is shot horizontally over level ground. The initial height is 7.3 m, and its initial speed is 750 m/s.

Part (a) How much time, in seconds, elapses before the bullet hits the ground?

t = sqrt(2*y0/9.8)

t = sqrt(2¥1.3/9.8)
t=0.5151

Tolerance: + 0.015453

Part (b) How far does the bullet travel horizontally, in meters, before hitting the ground?

x = sqrt(2*y0/9.8)*v0
x = sqrt(2¥1.3/9.8)*150
x=77262

Tolerance: + 2.31786

Problem 87 - 4.3.53 :
Full solution not currently available at this time.

10/1/19, 6:57 PM

A marble rolls off a horizontal tabletop that is 0.9/ m high and hits the floor at a point that is a horizontal distance of 2.5 m from the edge of the table.

Part (a) How much time, in seconds, was the marble in the air?

t = sqrt(2*h/9.8)

t = sqrt(2%0.91/9.8)
t=0.4309

Tolerance: + 0.012927

Part (b) What is the speed of the marble, in m/s, as it rolled off the table?
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v =r/(sqrt(2¥h/9.8))

v = 2.5/(sqrt(2%0.91/9.8))
v=5.801

Tolerance: + 0.17403

Part (¢) What was the marble’s speed, in m/s, just before hitting the floor?

v = sqrt((r/(sqrt(2*h/9.8)))A2+(9.8*sqrt(2+h/9.8))A2)

v = sqrt((2.5/(sqrt(2%0.91/9.8))) A 2+(9.8*sqrt(2%0.91/9.8))A2)
v=17.176

Tolerance: + 0.21528

Problem 88 - 4.3.55 :
Full solution not currently available at this time.

At a particular instant, a hot air balloon is 40.1 m above a horizontal field and descending at a rate of 2.7 m/s. At this instant, a girl throws a ball
horizontally (relative to herself) with an a speed of 72 m/s.

Part (a) When the balloon lands on the ground, how far is she from where the ball landed? Express your answer in meters and neglect air resistance.

x = (v0x/9.8)*(sqrt(v0yA2+19.6*h)-v0y)
x = (12/9.8)*(sqrt(2.142+19.6%40.1)-2.1)
x=31.853

Tolerance: + 0.95559

Problem 89 - 4.3.56 :
Full solution not currently available at this time.

A man rides a motorcycle on a horizontal road at a speed s,. At a particular instant, he throws a ball upward (relative to himself) with a speed of s,. Let h be

the height of the ball at the moment it was released. Consider an x-y coordinate system, where positive x is horizontal and forward, and positive y is
vertically upward and y = 0 is at ground level. Assume the ball was released at x =0 and y = h.

Part (a) Write an equation for y as a function of g (9.80 m/s2), X, Sxs Sys and h.

y=h+xsy/sx-(g/2)(x/sx )A2

Problem 90 - 4.3.58 :
Full solution not currently available at this time.

The maximum horizontal distance that Jean can throw a baseball is 25 m.

Part (a) Assuming she can throw with the same initial speed at all launch angles, to what maximum height (measured in meters above the release point)
throws it straight upward?

h=x/2
h=25/2
h=125

Tolerance: + 0.375

Problem 91 - 4.3.59 :
Full solution not currently available at this time.

Arrock is thrown off a vertical cliff at an angle of 4¢_jo above horizontal. The cliff is g¢_; m high and the ground extends horizontally from the base. The
initial speed of the rock is /8 m/s. Neglect air resistance.

Part (a) To what maximum height, in meters, does the rock rise above the edge of the cliff?

h = (v0*sin(th*0.0174533))72/9.8-4.9%(v0*sin(th*0.0174533)/9.8)A2

h = (18%sin(40.1%0.0174533))12/9.8-4.9%(18*sin(40.1%0.0174533)/9.8)A2
h = 6.858

Tolerance: = 0.20574

Part (b) How far, in meters, has the rock moved horizontally at the moment it reaches its maximum height?

x = (v0*cos(th*0.0174533))*(v0*sin(th*0.0174533)/9.8)
x = (18*c0s(40.1%0.0174533))*(18%*sin(40.1%0.0174533)/9.8)
x=16.289

Tolerance: + 0.48867

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 73 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Part (¢c) How long, in seconds, after being thrown does the rock hit the ground?

t = (v0*sin(th*0.0174533)+sqrt((v0*sin(th*0.0174533))A2+19.6*h))/9.8

t = (18%*sin(40.1%0.0174533)+sqrt((18*sin(40.1%*0.0174533))A2+19.6%60.1))/9.8
t=4.88

Tolerance: + 0.1464

Part (d) How far from the base of the cliff, in meters, is the landing point of the rock?

x = v0*cos(th*0.0174533)*(v0*sin(th*0.0174533)+sqrt((v0*sin(th*0.0174533))A2+19.6%h))/9.8

x = 18*c0s(40.1%0.0174533)*(18*sin(40.1%*0.0174533)+sqrt((18*sin(40.1%0.0174533)) A 2+19.6%60.1))/9.8
x=67.187

Tolerance: +2.01561

Part (¢) How high above the ground, in meters, is the rock 7.2 s before it hits the ground?

h = h+v0*sin(th*0.0174533)*((v0*sin(th*0.0174533)+sqrt((v0*sin(th*0.0174533))A2+19.6*h))/9.8-tr)-4.9*((v0*sin(th*0.0174533)+sqrt((v0*sin(th*0.01745
h = 60.1+18*sin(40.1*0.0174533)*((18*sin(40.1*0.0174533)+sqrt((18*sin(40.1*0.0174533))A2+19.6%60.1))/9.8-1.2)-4.9*
((18%*sin(40.1%#0.0174533)+sqrt((18*sin(40.1%0.0174533)) A2+19.6%60.1))/9.8-1.2)A2

h=36416

Tolerance: + 1.09248

Part (f) How far horizontally from the cliff, in meters, is the rock 7.2 s before it hits the ground?

x = v0*cos(th*0.0174533)*((v0*sin(th*0.0174533)+sqrt((v0*sin(th*0.0174533))A2+19.6*h))/9.8-tr)

x = 18*%c0s(40.1%0.0174533)*((18*sin(40.1%0.0174533)+sqrt((18*sin(40.1%0.0174533)) A 2+19.6%60.1))/9.8-1.2)
x=150.664

Tolerance: + 1.51992

Problem 92 - 4.3.61 :
Full solution not currently available at this time.

A projectile is shot toward a hill that is d = 250 m away. The launch angle is 6 = 45 degrees above horizontal with an initial v
speed of vy = 70.1 m/s. The hill can be approximated as a plane sloped at ¢ = /8 degrees. Neglect air resistance. .

Yo

Part (a) Write an equation for y as a function of x, d, and ¢ for the line that defines the slope of the hill.

y =x tan(¢) - d tan(¢)

Part (b) Write an equation for y as a function of x, g (9.80 m/s2), vy, and 0 of the trajectory of the projectile.
y =xsin(0)/cos(0) - 0.5 g x A2/( v, cos(0) )2

Part (c) What is the x coordinate, in meters, of the landing spot of the projectile?

x = 0.5*%((tan(th*0.0174533)-tan(ph*0.0174533))+sqrt((tan(th*0.0174533)-tan(ph*0.0174533))A2+4*(4.9/(cos(th*0.0174533)*cos(th*0.0174533)*voA2))*
(d*tan(ph*0.0174533))))/(4.9/(cos(th*0.0174533)*cos(th*0.0174533)*voA2))

x = 0.5*%((tan(45%0.0174533)-tan(18%0.0174533))+sqrt((tan(45%0.0174533)-tan(18%0.0174533)) A 2+4%*(4.9/(cos(45%0.0174533) *cos(45%0.0174533)*70.1/2))*
(250*tan(18*0.0174533))))/(4.9/(cos(45*%0.0174533)*cos(45%0.0174533)*70.1/2))

x=432.649

Tolerance: = 12.97947

Problem 93 - 4.3.62 :
Full solution not currently available at this time.

An astronaut on a distant planet kicks a soccer ball at an angle of 30.1 degrees above horizontal, with an initial speed of /0.1 m/s. The ball is kicked over
flat ground, and the acceleration due to gravity on the planet is 2 7 m/s2. The planet has no atmosphere.

Part (a) How far horizontally does the ball travel, in meters, while it is in flight?

x = 2%*vo/2*%sin(th*0.0174533)*cos(th*0.0174533)/a
x =2%10.142%sin(30.1%0.0174533)*cos(30.1%0.0174533)/2.01
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x=44.04
Tolerance: + 1.3212

Problem 94 - 4.3.64 :
Full solution not currently available at this time.

A robot cheetah can jump over obstacles. Suppose the launch speed is vy = 3.01 m/s, and the launch angle is 6 = 20.7 degrees above horizontal.

Part (a) What is the maximum height & in terms of v, 6, and g (9.80 m/sz)?
h=vy2sin(0) A2/2g)

Part (b) What is the maximum height in meters?

h = (sin(th*0.0174533))A2*v0A2/19.6

h = (sin(20.1*0.0174533))22*3.0122/19.6
h =0.05459

Tolerance: + 0.0016377

Part (¢) Given the same launch speed, what launch angle, in degrees, would yield a maximum height that is 30.7/ % greater than that calculated in part (1

0 = 57.296*asin(sin(th*0.0174533)*sqrt(1+p/100))

0 = 57.296*asin(sin(20.1%*0.0174533)*sqrt(1+30.1/100))
0=23.078

Tolerance: + 0.69234

Problem 95 - 4.3.65 :
Full solution not currently available at this time.

Mt. Asama, Japan, is an active volcano complex. In 2009, an eruption threw solid volcanic rocks that landed far from the crater. Suppose that one such rock

was launched at an angle of 6 = 30.1 degrees above horizontal, and landed a horizontal distance d = 570 m from the crater, and a vertical distance h = 410
m below the crater.

Part (a) Write and expression for v, the initial speed of the rock in terms of 6, d, and h.

vo=(d A2 g/(2 dsin(0) cos(0) + 2 h cos(0) 22))*0.5

Part (b) What is the initial speed of the rock in m/s?

vy = sqrt(dA2%9.8/(2*d*sin(th*0.0174533)*cos(th*0.0174533)+2%h*(cos(th*0.0174533))A2))

vo = sqrt(51042*9 8/(2%#510*sin(30.1%0.0174533)*cos(30.1*0.0174533)+2*410*(cos(30.1%0.0174533)) A2))
vy =49.123

Tolerance: + 1.47369

Part (c) How long, in seconds, was the rock in the air?

t = d/(cos(th*0.0174533)*sqrt(d*2%9.8/(2*d*sin(th*0.0174533)*cos(th*0.0174533)+2*h*(cos(th*0.0174533))12)))

t = 510/(cos(30.1*#0.0174533)*sqrt(510A2*9.8/(2%510%sin(30.1%*0.0174533) *cos(30.1%0.0174533)+2*410*(cos(30.1%0.0174533))A2)))
t=12

Tolerance: + 0.36

Problem 96 - 4.3.67 :
Full solution not currently available at this time.

The Lunar Roving Vehicle used in NASA’s late Apollo missions reached an unofficial lunar land speed of 5.00 m/s. Suppose, while traveling at that speed,
it hit a bump that launched it at an angle of 75 degrees above the horizontal lunar surface.

Part (a) How long, in seconds, would the vehicle be off the ground? The acceleration of gravity on the Moon has a value of 1.62 m/s2.

t = 6.173*sin(th*0.0174533)
t = 6.173*sin(15%0.0174533)
t=1.598

Tolerance: + 0.04794

Problem 97 - 4.3.68 :
Full solution not currently available at this time.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 75 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

A soccer goal is 2.44 m high. A player kicks the ball from a horizontal distance of 8./ m from the goal, and the ball hits the crossbar at the top of the goal.
The launch angle was 20.1 degrees above horizontal.

Part (a) What was the initial speed of the ball, in m/s?

v = sqrt(dA2*9.8/(2*d*sin(th*0.0174533)*cos(th*0.0174533)-2%2.44*(cos(th*0.0174533))2))
v = sqrt(8.142%9.8/(2*%8.1*sin(20.1%0.0174533)*c0s(20.1%0.0174533)-2%2 .44*(c0s(20.1%0.0174533))A2))
v=26.371

Tolerance: + 0.79113

Problem 98 - 4.3.70 :
Full solution not currently available at this time.

A daredevil motorcycle jump spans a horizontal distance of 40./ m and the landing height is the same as the takeoff height.

Part (a) If the speed at takeoff was 25 m/s, then what was the launch angle, in degrees? Ignore air resistance.
0 = 57.296%0.5*%asin(9.8*d/voA2)
0 = 57.296*0.5*asin(9.8%40.1/2542)
0=1948
Tolerance: = 0.5844

Problem 99 - 4.3.71 :
Full solution not currently available at this time.

You throw a baseball with an initial speed of

vor = 12 m/s at a particular launch angle here on Earth where the acceleration of gravity is = 9.80 m/s2.
Assume the launch height is the same as the landing height.

Part (a) All else being equal, write and expression for the launch speed, v, that would result in the same range on a planet whose acceleration of gravity
m/s2.

vo2 = Vo1 (82/81) *0.5

Part (b) What is value of the answer to part (a) in m/s?
v(2 = vol*sqrt(g2/9.8)
vz = 12%sqrt(2.01/9.8)
Vo2 = 5435
Tolerance: + 0.16305

Problem 100 - 4.3.73 :
Full solution not currently available at this time.

A long jumper can jump a distance of 5.07 m when he takes off at an angle of 45.0 degrees.

Part (a) Assuming he can jump with the same initial speed at all angles, how much distance (in meters) does he lose by taking off at 20./ degrees?
Ax = x*(1-sin(2%0.0174533*th))
Ax = 5.01%(1-sin(2*0.0174533%20.1))
Ax=1.776
Tolerance: + 0.05328

Problem 101 - 4.3.74 :
Full solution not currently available at this time.

On planet Acron, the maximum horizontal distance a projectile launched at 5.01 m/s travels over flat ground is 20.7 m.

Part (a) What is the acceleration of gravity, in m/sZ, on planet Acron?

a=vA2/x
a=5.01/2/20.1
a=1.249

Tolerance: + 0.03747
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Problem 102 - 4.3.76 :
Full solution not currently available at this time.

The tee of the world’s longest par 3 sits atop South Africa’s Hanglip Mountain at 400.0 m above the green and can only be reached by helicopter. The
horizontal distance to the green is 359.0 m. Neglect air resistance.

Part (a) If a golfer launches a shot that is /5 degrees with respect to the horizontal, what initial speed, in m/s, must she give the ball to land it on the gree

v = (359/cos(th*0.0174533))*sqrt(4.9/(400+359*tan(th*0.0174533)))

v = (359/c0s(15%0.0174533)) *sqrt(4.9/(400+359*tan(15%0.0174533)))
v =36.934

Tolerance: + 1.10802

Part (b) What is the time, in seconds, that it takes the ball to reach the green?

t = 359/((359/cos(th*0.0174533)) *sqrt(4.9/(400+359*tan(th*0.0174533)))*cos(th*0.0174533))

t = 359/((359/cos(15%0.0174533)) *sqrt(4.9/(400+359*tan(15%0.0174533))) *cos(15%0.0174533))
t=10.063

Tolerance: + 0.30189

Problem 103 - 4.3.77 :
Full solution not currently available at this time.

When a field goal kicker kicks a football as hard as he can at 45.0 degrees to the horizontal, the ball just clears the 3.00-m-high crossbar of the goalposts 35
m away.

Part (a) What is the initial speed, in m/s, imparted on the football by the kick?

v = x*sqrt(9.8/(x-3))

v = 35%*sqrt(9.8/(35-3))
v=19.369

Tolerance: + 0.58107

Part (b) In addition to clearing the crossbar, the football must be high enough in the air early during its flight to clear the reach of the onrushing defensiv
lineman is /.07 m away. How high is the ball, in meters, when it reaches the horizontal position of the lineman?

h = 0.7071*(x2/(x*sqrt(4.9/(x-3)))) *x*sqrt(9.8/(x-3))-4.9%*(x2/(x*sqrt(4.9/(x-3)))) A2

h =0.7071%(1.01/(35%sqrt(4.9/(35-3)))) *35%sqrt(9.8/(35-3))-4.9%(1.01/(35%sqrt(4.9/(35-3)))) A2
h=0.9833

Tolerance: * 0.029499

Problem 104 - c4.4.1 :

Consider a ball moving in uniform circular motion.

Part (a) The acceleration of this ball is directed towards the center of the circle. Why is this?

Uniform circular motion means that the speed of the object and the radius of curvature remain constant as the motion takes place. At any given moment, the velo
the circle, and hence changes from moment to moment. Although the speed doesn't change, the direction of the velocity does, and hence the velocity does. The di
velocity is pointed towards the center of the circle. Since acceleration is rate of change of velocity, acceleration is also directed towards the center of the circle.

Problem 105 - c44.2 :

You are driving in a car with your friend, who is speeding around the corner of a highway. You are worried for your safety, so you ask your friend how fast
they are going.
Part (a) Your friend responds, "I am going around this corner at a constant velocity of 65 mph." Is their statement physically correct?

Your friend is using physics jargon incorrectly. Although the speed might be a constant 65 mph, the direction the car is moving is changing as it turns. Since velo
speed, but also by the direction of motion, a change in only one (in this case direction) is sufficient to change the velocity. Hence, velocity is changing although s

Problem 106 - 444 :

A car is traveling at constant speed of v = 10.1 m/s. Its tires have a diameter of d = 0.57 m.

Randomized Variables

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 77 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

v=10.1 m/s
d=0.51m

Part (a) Consider a point on the outer edge of the tire. What is the centripetal acceleration, a_, at this point in m/s??

The centripetal acceleration for an object in spinning at a constant speed can be found with the following equation:

<

ac = —

In this case, we are given the diameter of the tire rather than its radius. Since the radius is equal to half of the diameter, we can substitute in 0.5d for r in our eque
centripetal acceleration.

2

_ V
4= 05d
_(10.1m/s
“705.05lm

a. = 400.039 m/s >

Part (b) If the car was traveling twice as fast, what would be the numerical value of the ratio of the new centripetal acceleration, a,,, to the old centripeta

Recall that the centripetal acceleration is given by the following equation:

<

e = —

‘We can use this information to find a value for the ratio of the new centripetal acceleration to the original centripetal acceleration.

@y
r

anl a. = -
2
(%)
42
r
anl a. = -
2
-)
an/ a. =4

Problem 107 -44.5:

A runner runs around a circular track. He completes one lap at a time of # = 201 s at a constant speed of v = 3.1 m/s.

Randomized Variables

t=201s
v=3.1 m/s

Part (a) What is the radius, r in meters, of the track?

To begin, let's find the total distance that the runner travels. Since there is no acceleration, we can use the relation between distance, speed, and time for movemer
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d=vt

This distance will be equal to the circumerence of the track. We can now use the relation between the circumference and the radius of a circle in order to solve fo:

d=2rxr

vt = 2xr

3.1m/s -201s
y=-—
2

r=299.22m

Part (b) What was the runners centripetal acceleration, a. in m/s2, during the run?

The centripetal acceleration of someone moving in uniform circular motion is given by:

<

ac = —

‘We found the radius in part (a) and we know the tangential velocity. Using this information, we can solve for the centripetal acceleration.

o = v
(35)
2mv
a. = —
t
a _ 2m-3.1m/s
‘“T 201s

ac = 0.09686 m/s >

Problem 108 - 4.4.12 :
(a) What is the radius of a bobsled turn banked at 75.0° and taken at 30.0 m/s,

assuming it is ideally banked? (b) Calculate the centripetal acceleration. (c) Does this

acceleration seem large to you?

Solution (a) For an ideally banked curve:

) 9

6= tan'li. sothatr = = (30.0’111/5‘ ) =24.6m
rg gtan 6  (9.80 m/s’ jan 75.0°

L=
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(c) &=M=3.73=—ac -373¢
g 9.80m/s’ -

This does not seem too large, but it is clear that bobsledders feel a lot of force on

them going through sharply banked turns!

Problem 109 - 4.4.13 :

Free-body diagram
F
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Part of riding a bicycle involves leaning at the correct angle when making a turn, as
seen in the figure To be stable, the force exerted by the ground must be on a line
going through the center of gravity. The force on the bicycle wheel can be resolved
into two perpendicular components—friction parallel to the road (this must supply the
centripetal force), and the vertical normal force (which must equal the system’s
weight). (a) Show that 8 (as defined in the figure) is related to the speed v and radius
of curvature 1 of the turn in the same way as for an ideally banked roadway—that is,
6 =tan" v’ /g (b) Calculate 8 for a 12.0 m/s turn of radius 30.0 m (as in a race).

Solution

(a) Fsiné=F :Fcos@=N=img

Fsind F, mv[r

Fcos@ mg mg
2 £ 2

Vv a v
tanf=—= 6= tan" —]
g g

(b) 8 = tan™ [

(12.0111/5)' 1 )=26.1°
30.0mx9.80 m/s’

Problem 110 - 4.4.16 :
A fairground ride spins its occupants inside a flying-saucer-shaped vehicle.

Part (a) If the horizontal circular path the riders follow has a radius of 5.5 m, at how many revolutions per minute will the riders be subjected to a centr
times that due to gravity?

To begin this problem, let's use the relationship between angular velocity and centripetal acceleration to find an expression for the angular velocity.

a. =f%r

ace _
VT—f
/1.25m/s2
/= 55m

f=1.492rad/s

This gives us an answer in radians per second. In order to get an answer in revolutions per minute, we need to convert the units.
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1 rotation 60 s

60
f=1492rad/s - rmrad Tmin = (1.492- E) rpm

f =14.251 rpm

Problem 111 - 4.4.17 :
A runner taking part in the 200 m dash must run around the end of a track that has a circular arc with a radius of curvature of 25 m.

Randomized Variables

r=25m
t=20.1s

Part (a) If he completes the 200 m dash in 20.7 s and runs at constant speed throughout the race, what is his centripetal acceleration as he runs the curv
m/s??

To begin, we will need to find the speed of the runner. As the runner moves at a contant speed through the entire race, we can use the relationship between distanc
constant speed motion to find the runner's speed.

d=vt

d
t

=V

The runner's speed will be his tangential velocity while he is in the curve. We can thus use the relationship between centripetal acceleration, tangential velocity, a
runner's centipetal acceleration on the curve.

V
ac = —
B
2
_®
¢ r
2
)
¢ 25 m
ac = 3.96 m/s’

Problem 112 - 4.4.19 :

A workshop grindstone has a radius of 6.5 cm and rotates at 6500 rev/min.

Randomized Variables

r=6.5cm
rpm = 6500 rpm

Part (a) Calculate the centripetal acceleration at its edge in multiples of g.

We can find the centripetal acceleration using the relation between centripetal acceleration, angular velocity, and radius for uniform circular motion. To do this, he
to convert the angular velocity from revolutions per minute to radians per second.
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. 2rrad 1 min 2r
w = 6500 rev/min - Trev 60s — (6500 . %) rad/s

We can now use the relationship between centripetal acceleration, angular velocity, and radius to find the centripetal acceleration. As we do so, we must also con
centimeters to meters.

ac = o°r

e = ((6500~ %) rad/s ) . 65-102m

ac = 30115.95 m/s?

This problem wants our answer in terms of multiples of g, however. We must therefore rewrite our solution in terms of g to get the final answer.

_30115.95 m/s*
9.8 m/s?

c

ac = 3073.056g

Part (b) What is the linear speed of a point on its edge in m/s?

The linear speed can be found by multiplying the angular speed (in radians per second) by the radius. We found an expression for the linear speed in rad/s in part
together with the given radius to find the linear speed. Since the given radius is in centimeters, it must be converted to meters in order to get an answer of meters
V=ro

2
= . 72 . - —_——

v =44.244 m/s

Problem 113 - 4.4.20 :

Helicopter blades withstand tremendous stresses. In addition to supporting the weight of a helicopter, they are spun at rapid rates and experience large
centripetal accelerations, especially at the tip.

Randomized Variables

r=3.2m
rpm =250 rpm

Part (a) Calculate the centripetal acceleration at the tip of a 3.2 m long helicopter blade that rotates at 250 rev/min in m/s2.

To solve this problem, we can use the relationship between centripetal acceleration, angular velocity, and radius to find the centripetal acceleration:

ac = a’r

In order to use this formula, however, we need to find a value for the angular velocity in radians per second. We must therefore convert our given angular velocity
minute to radians per second.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

Page 83 of 282



The Expert TA | Human-like Grading, Automated!

10/1/19, 6:57 PM

. 2rrad 1 min 2z
w = 250 rev/min - Trev  60s = (250- @> rad/s

Now we can plug this into our equation for the centripetal acceleration

2 2
e = ((250-@) rad/s) :32m

ac = 2193.242 m/s?

Part (b) Compare the linear speed of the tip with the speed of sound (taken to be 340 m/s). Give your answer in percent of the speed of sound.

To begin, we need to calculate the linear speed of the tip of the propeller. We can use the fact that the angular velocity (in rad/s) multiplied by the radius gives the
problem. As we found an expression for the angular velocity in rad/s in part (a), we can use it again here.

Vip = or

2r
Vip = (250- @) rad/s -3.2m

Now that we have an expression for the linear speed of the tip, we can divide this by the speed of sound and multiply the result by one hundred in order to find w
sound this is.

(250 2%) rad/s -3.2m
Vtip/ Vsound (%) = 340 m/s <100 ) %

Vlip/ Vsound (%) =24.64%

Problem 114 - 4.4.22 :

A rotating space station is said to create “artificial gravity” —a loosely-defined term used for an acceleration that would be crudely similar to gravity. The

outer wall of the rotating space station would become a floor for the astronauts, and centripetal acceleration supplied by the floor would allow astronauts to
exercise and maintain muscle and bone strength more naturally than in non-rotating space environments.
Randomized Variables

d=180m

Part (a) If the space station is /80 m in diameter, what angular velocity would produce an “artificial gravity” of 9.80 m/s2 at the rim? Give your answer i

Let's first consider what the problem is asking. Since the artificial gravity is generated by the centripetal acceleration, we want to find what angular velocity produ
acceleration of 9.80 m/s? . We can use the relationship between the centripetal acceleration, angular velocity, and radius to solve this problem. Since we aren't dirc
we will make use of the fact that the radius is equal to half the diameter in our equation.

ac = o*r

a. = o’ - 0.5d
ac 5

054 “
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dc »
0.5d ~
9.80 m/s 2
w = —
0.5-180m
w = 0.33 rad/s

Problem 115 - 4.4.23 :
Full solution not currently available at this time.

In this problem we are going to try and understand where the acceleration in uniform circular motion comes from by considering some linear
cases.

Part (a) First consider a particle moving with a velocity v; at an angle of 6, with respect to the x-axis. During a time period Az, the particle suddenly tur
angle of 0, with respect to the x-axis. Give an expression for the average acceleration vector of this motion in terms of unit vectors i and j, assuming the ar
in the counterclockwise direction.

A, = (V2 €08(0,) - vy cos(0y) ) /At + (v, sin(B,) - vy sin(0;) ) j/At

Part (b) Now consider the figure shown, where we approximate the circular motion of a particle of velocity /./ m/s by a hexagon (6-sided regular polygo!
What is the magnitude of the acceleration, in m/s?? You may assume that the velocity satisfies v = 2zr / T for the period 7.

lagye 6l = 6%vA2/(3.14159%r/100)*((1-cos(3.14159/3))/2)A0.5
lagve 6! = 6%1.142/(3.14159%11/100)*((1-cos(3.14159/3))/2)10.5
lagye 6l = 10.504

Tolerance: + 0.31512

Part (c) What is the magnitude of the acceleration (in m/s2) for an 7/-sided polygon?

[agyenl = (0/(3.14159))*(vA2/(r/100))*((1-cos(2*3.14159/n))/2)A0.5
lagyenl = (11/(3.14159))*(1.142/(11/100)) *((1-cos(2¥3.14159/11))/2)A0.5
[agve nl = 10.851

Tolerance: + 0.32553

Part (d) What is the magnitude of the acceleration (in m/s2) for uniform circular motion with a velocity of 7.7 m/s in a circle of radius 7/ cm?
lal = vA2/(r/100)
lacl = 1.142/(11/100)
la =11
Tolerance: + 0.33

Problem 116 - 4.4.25 :
Full solution not currently available at this time.

A particle travels in a circular path of radius 70./ m at a constant speed of 20.1 m/s.

Part (a) What is the magnitude of the acceleration of the particle in m/s2?
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a,=vA2/r
a. =20.1/2/10.1
a.=40.001

Tolerance: + 1.20003

Problem 117 - 4.4.26 :
Full solution not currently available at this time.

A well-thrown football is spinning at 4.01 rev/s. The widest point of the football is at the center of the laces, where the radius is 8.50 cm.

Part (a) What is the magnitude of the centripetal acceleration of the laces in m/s2?
a.=3.356%wA2
a, =3.356%4.01/2
a, =53.965
Tolerance: + 1.61895

Problem 118 - 4.4.28 :
Full solution not currently available at this time.

A jet travels around the Earth, along the equator, just above the surface.

Part (a) What should be the jet’s speed, in m/s, so that its centripetal acceleration has a magnitude equal to 0.7 % of the acceleration of gravity (9.80 m/

v =790.16*sqrt(p)

v =790.16*sqrt(40.1)

v =5003.653
Tolerance: + 150.10959

Problem 119 - 4.4.29 :
Full solution not currently available at this time.

The blades of a fan are rotating at 20/ rev/min.

Part (a) What is the magnitude of the centripetal acceleration, in m/s2, of a point on one of the blades that is /0./ cm from the axis of rotation?
a;. = 0.00010966*r*wA2
a.=0.00010966%10.1%20112
a,=44.747
Tolerance: + 1.34241

Problem 120 - 44.31 :
Full solution not currently available at this time.

A Formula One race car is traveling at 50.7 m/s along a straight track enters a turn on the race track with radius of curvature of 780 m.

Part (a) What magnitude centripetal acceleration, in m/s2, must the car have to stay on the track?

a,=vA2/r
a. =50.1/2/180
a.=13.945

Tolerance: + 0.41835

Problem 121 - 4.4.32 :
Full solution not currently available at this time.

A particle is moving in a circular path in the x-y plane. The center of the circle is at the origin and the rotation is counterclockwise at a rate (angular speed)
of w = 2.01 rad/s. At time t = 0, the particle isat y =0 and x = 2.0/ m.

Part (a) What is the x coordinate of the particle, in meters,at 1= 70.7 s?

X =r¥*cos(w*t)
x =2.01%cos(2.01%¥10.1)
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x=0.2393
Tolerance: + 0.007179

Part (b) What is the y coordinate of the particle, in meters,at r= /0.1 s?
y = r¥sin(w¥*t)
y =2.01%sin(2.01%10.1)
y=1.996
Tolerance: + 0.05988

Part (c) What is the x component of the particle's velocity, in m/s,at t = 10.1 s?
v, = -w¥r¥sin(w¥t)
v, =-2.01%2.01%sin(2.01¥10.1)
v, =-4.011
Tolerance: = 0.12033

Part (d) What is the y component of the particle's velocity, in m/s,at = /0.1 s?

vy = w¥*r¥*cos(w*t)
vy = 2.01%2.01*cos(2.01*10.1)
vy = 0.4811

Tolerance: + 0.014433

Part (e) What is the x component of the particle's acceleration, in m/s?,atr=10.1s?
a, = -wA2¥r*cos(w*t)
a, = -2.0122%2.01%cos(2.01¥10.1)
a, =-0.966912561343697
Tolerance: = 0.0290073768403109

Part (f) What is the y component of the particle's acceleration, in m/s2,at t=10.1s?

ay = -wA2*r*sin(w*t)
ay =-2.012%2.01%sin(2.01¥10.1)
a, =-8.063

Tolerance: + 0.24189

Problem 122 - 4.4.34 :
Full solution not currently available at this time.

A long rod rotates at /.5 rev/s (revolutions per second) about an axis at one end.

Part (a) What is the magnitude of the centripetal acceleration, in m/s, of a point /.01 m from the axis?
a. =39.48%*r1*wA2
a, =39.48%1.01%1.5A2
a.=89.718
Tolerance: + 2.69154

Part (b) What is the magnitude of the centripetal acceleration, in m/s2, of a point 3.01 m from the axis?
a; = 3948%r2*wA2
a, =39.48%3.01%1.5/2
a,=267.378
Tolerance: = 8.02134

Part (¢) What is the direction of the centripetal acceleration of any point on the rod?

Toward the axis

Problem 123 - 44.35:
Full solution not currently available at this time.

10/1/19, 6:57 PM

Arred car has a speed of /5 m/s and is driving on a circular track with a radius of 90.7 m. A blue car has a speed of 8./ m/s and is driving on a circular

track with a radius of 57 m.
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Part (a) What is the ratio of the centripetal acceleration of the red car to that of the blue car?

Qyed/Appye = Yb*VrA2/(rr¥vbA2)
Aped/Appue = 51¥1542/(90.1%8.142)
ared/ablue =1.941

Tolerance: + 0.05823

Problem 124 -4.5.1 :

Consider a horizontal spinning disc of radius R = 3 m with a ball of mass m = 2./ kg attached with a clamp to the outer edge of the
disc. The disc starts at rest and experiences a constant angular acceleration ;, = 3 2 rad/s2. The size of the ball is negligible.

Part (a) Consider the disc at time ¢ = /0.] s. Calculate the speed v, in meters per second, of the attached ball?

. . . . . s . . rad
‘We begin by finding the angular velocity of the disk at this moment in time. Since the angular acceleration is a constant 3.2 —,
s

w = 3.2t

At this moment, that angular velocity is equal to

w=32-101=32327%
S

The tangential velocity of a point on the disk, including the point where the ball is attached, is given by

V=rw
where r is measured from the center of the disk to the point of interest. For the ball, we have

v =3%32.32

V= 96.96?

Part (b) At this same time t = /0.1 s, calculate the instantaneous tension F,, in newtons, that is required by the clamp to keep the ball attached to the disc

In this part, we are asked to find a force, given a description of the motion that this force creates. In other words, we will use Newton's 2nd Law, F = ma, to find F
disk's center, given a in that same direction.

Since the distance of the ball from the center of the disk is not changing, the acceleration of the ball in the direction towards the center of the disk is described ent

N

ar = —
P

where v is the velocity of the ball found in part a and r is the distance from the ball to the center of the disk. Explicitly,

2
0 =209 _ 31330497
3 2

By Newton's 2nd Law, we have

Fr =ma, =2.1-3133.747
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Fr = 6580.869N

Part (¢) What is the net force F acting on the ball at 1 = 10.1 s, in newtons?

As we had to observe in part a, the ball is not only accelerating in the radial direction (which we calculated in part b). In fact, the rotation rate is increarcsing as w
in the figure, this is caused by gravity acting on the ball as well as by a tangential force that the clamp exerts. Here, we are asked to calculate that total tangential
it with the force we found in part b. Like in part b, we use the motion to infer the forces present. The acceleration in the tangential direction is given by

a=ra=3-32=962
S2

Again, by F = ma, there must be a tangential component of the net force acting on the ball of

Fian =2.1-9.6 = 20.16N

Since this force is perpendicular to the force found in part b, we find the magnitude of the net force by taking the square root of the sum of the squares of these ve

F= \/(F,fm +F3) = 1/ (20.16" + 6580865

F = 6580.9N

Problem 125 -4.5.2:

A NASA space probe is traveling from the Earth (average orbital radius, rg= 149.6 x 106 km; period of revolution, Tg= 1.00 yrs) to Mars (average orbital

radius, gz 227.9 x 106 km; period of revolution, Ty = 1.881 yrs). Treat the orbit of Mars and Earth as circles, with the Sun at the center. The trip takes tem
= 9.5 months. The average length of a month is 30.436875 days.

Part (a) Calculate the orbital velocity, v, of Earth in m/s.

The velocity is related to distance and time by the expression

d
v=—m/s
t

where d is the distance in m and t is the time in s. The earth will follow a circular path in its orbit around the sun. Therefore, the earth travels a distance of
d=2rrg

in a time of

t=Tg

Thus, the orbital velocity is

TE
VE = =27[—

L
t TE

Plugging in numbers and converting units as needed,

5 (149.6 - 10° m)
VE= S m (1 yr - 12 month/yr - 30.436875 day/month - 24 hr/day - 60 min/hr - 60 s/min)

vg = 29783.388 m/s

Part (b) Calculate the orbital velocity, v,;, of Mars in m/s.

The velocity is related to distance and time by the expression
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vzﬂm/s
t

where d is the distance in m and t is the time in s. Mars will follow a circular path in its orbit around the sun. Therefore, Mars travels a distance of

d=2nry
in a time of
t=Tu

Thus, the orbital velocity is

™
=2r—

-
M_l v

Plugging in numbers and converting units as needed,

(227.9 - 10° m)
" (1.881 yr - 12 month/yr - 30.436875 day/month - 24 hr/day - 60 min/hr - 60 s/min)

w =27

vy = 24121.152 m/s

Part (c) Assume that the probe starts at rest on the surface of the Earth and comes to rest on the surface of Mars. Calculate the average tangential accele
probe over its journey.

The change in tangential acceleration is related to the change in tangential velocity and change in time by the expression

Qran = @ _ L}f _w) m/s>
ran (AD) (tf - t,')

where vy, are the final and initial tangential velocities in m/s and tr; are the final and initial times in s. When on earth, the probe is moving at the tangential veloc
Mars, it is moving at the tangential velocity of Mars. The time it takes is given in the description. Therefore, the change in tangential acceleration is

(vu — VE)

dian =
Tem

Plugging in numbers and converting units as needed,

2 (227.9-10° m) 2 (149.6:10° m)
ST 2.7
(1.881 yr-1.881 yr-3.15576-10” s/yr) (1 yr-1.881 yr-3.15576-107 s/yr)

(9.5 month - 30.436875 day/month - 24 hr/day - 60 min/hr - 60 s/min)

Aian = Apr =

ap = —0.000226625438212077 m/s>

Part (d) Calculate the change in the radial acceleration, Aap, in m/sz, of the probe relative to the Sun, as it travels from Earth to Mars.

The change in radial acceleration is related to the velocity and distance by the expression

Vi
Arad = A <§) = —f - —t m/52

where vy, are the final and initial tangential velocities in m/s and dy,; are the final and initial radial distances in m. Therefore, the change in radial acceleration is

Urad = —— — — = -
™Mo TE ™ rE

Vi VB (2”%)2 (2”%)2—4;#(”” FE>
- Ty T

Plugging in numbers and converting units as needed,
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(1.881yr-3.15576 - 10" s/yr] (1 yr- 1.881 yr-3.15576 - 107 s/yr}

R < (227.9 - 10° m) (149.6 - 10° m) >
Arad =apr=4'” .

apr = —0.00337647449979061 m/s*

Problem 126 - 4.54 :

A rotating platform of radius R = 1.5 cm starts from rest and accelerates with uniform angular acceleration o = 12 rad/s2.

Randomized Variables
R=15cm
a = 12 rad/s?

Part (a) Write an expression that gives the centripetal acceleration on the edge of the platform as a function of time, a (7).

The centripetal acceleration can be found using the relation between the centripetal acceleration, angular velocity, and radius.
a. = @’R

In order to proceed, we need to find an expression for the angular velocity in terms of the angular acceleration and the amount of time that has passed. To find thi:

use an angular kinematic equation. We know that the platform starts rotating from rest, the value of the angular acceleration of the platform, and that we want to {
solved if we are given a value for time. Given this information, we can use the following rotational kinematic equation:

w = at

Now, let's plug this in to our equation for centripetal acceleration to get an equation in terms of the permitted variables.

ac () = (at)’R

ac (t) = 1°R

Part (b) Write an expression for the time at which the magnitudes of the centripetal and tangential accelerations at the edge will be equal.

The tangential acceleration is equal to the angular acceleration multiplied by the radius.

ar = aR

We found an expression for the centripetal acceleration in part (a). We can set this result equal to the tangential acceleration and then solve for .

ac(t) =a
@?’R = aR
1
==
a

N
I
=
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Part (c) Calculate the time, 7 in seconds, for when the magnitudes of the centripetal and tangential accelerations are equal.

Since we already found an equation for the time at which the centripetal and tangential accelerations are equal in part (b), all we need to do is substitute values in

_ 1
t_ao.s
1

t= ————
(12 rad/s 2)0'5

t=0.2887s

Problem 127 -4.5.5:
Full solution not currently available at this time.

Consider a horizontal spinning disc of radius R = 3 m with a ball of mass m = 2.7 kg attached with a clamp to the outer edge of the
disc. The disc starts at rest, and the ball at the edge of the disk experiences a tangential acceleration of a =21 m/s2. The size of the
ball is negligible.

Part (a) Consider the disc at time = /0.7 s. Calculate the speed v, in meters per second, of the attached ball?

v=a¥t
v =21%10.1
v=212.1

Tolerance: + 6.363

Part (b) At this same time t = /0.1 s, calculate the instantaneous tension Fy, in newtons, that is required by the clamp to keep the ball attached to the disc
Fi{=m*@*t)A2/R
Fy =2.1%(21%10.1)A2/3
F; =31490.487
Tolerance: + 944.71461

Part (c) What is the net force F acting on the ball at 7 = 0.7 s, in newtons?

F = m*(((a*t)A2/R)A2+(a)A2)70.5

F =2.1*%(((21*10.1)A2/3)A2+(21)A2)A0.5
F =31490.518

Tolerance: + 944.71554

Problem 128 - 4.5.7 :
Full solution not currently available at this time.

A particle travels in a circular orbit of radius , = 5¢_7 m. Its speed is changing at a rate of a, =11 m/s2 at an instant when its speed is |, = 39 7 m/s.

Part (a) Write an expression for the magnitude a of the total acceleration of the particle in terms of the variables from the problem statement.
a=(ag "2+ v AM/rrAr2)MS
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Part (b) What is the magnitude of the total acceleration of the particle, in m/s?
a = sqrt((vA2/r)A2+atA2)
a = sqrt((30.142/50.1)A2+11A2)
a=21.167

Tolerance: + 0.63501

Problem 129 -4.5.8 :

Full solution not currently available at this time.

The driver of a car moving at 90.0 km/h presses down on the brake as the car enters a circular curve of radius 70/ m.

Part (a) If the speed of the car is decreasing at a rate of 5.0/ km/h each second, what is the magnitude of the total acceleration of the car, in units of m/s,
50.1 km/h?

a = sqrt((at/3.6)A2+((v/3.6)A2/(r))A2)

a = sqrt((5.01/3.6)A2+((50.1/3.6)A2/(101))A2)
a=2369

Tolerance: + 0.07107

Problem 130 - c4.6.1 :

A ball is loaded into a cylindrical device that can launch it vertically upward. This device is placed on a table and then a mass is
attached to it via pulley. The mass is released and the apparatus begins to accelerate. At some point the ball is launched vertically,
with velocity v.

Part (a) Which of the following statements is true regarding where the ball will land?

The horizontal velocity of the ball will always be
vpy = constant
but the velocity of the cylinder will be

Ve = Vpy + at

and the cyclinder is always accelerating. Therefore, the ball falls behind the cylinder.

Problem 131 -4.6.1 :

An airplane’s altimeter measures its altitude to increase at a speed of v

vertical = 10.5 m/s. An observer on the ground sees the plane’s
shadow moving along the ground at v, = 81 m/s while the sun and plane are directly overhead. Use a standard Cartesian

coordinate origin located at the observer’s position on the ground, with the plane’s horizontal velocity in the x direction.
Randomized Variables

Vyertical = 10-5 m/s
Vhorizontal = 81 m/s
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Part (a) Express the plane’s velocity vector, v, in component form in terms of i, j, ;.o /ricqr a0 Vporizontal-

The horizontal velocity is in the horizontal direction (i), and the vertical velocity is in the vertical direction (j).

V = Vvertical] + Vhorizontall

Part (b) Calculate the plane’s airspeed, v in m/s.

The speed is given by Pythagorean's Theorem.

=0

0.5
V%ertiml )

Plugging in numbers and converting units as needed,

orizontal +

v = (81 m/sY + (10.5 m/sp )"’

v = 81.678 m/s

Part (¢) At what angle, 0 in degrees, above horizontal is the plane climbing?

The angle by which it is above the horizontal is related to the velocities by the trigonometric relation

Vvertical
tan = ———

Vhorizontal

Vvertical
0 = arctan | ———
Vhorizontal

Plugging in numbers and converting units as needed,

ezammn<(1o.5m/s)) 180 |

Blm/s) ) 3.14159

0 = 7.386 deg

Problem 132 - 4.6.12 :

10/1/19, 6:57 PM

A ship sets sail from Rotterdam, The Netherlands, intending to head due north at 5.5 m/s relative to the water. However, the local ocean current is 1.50 m/s

in a direction 40.0° north of east and changes the ship's intended motion.

Part (a) In what direction would the ship have to travel in order to have a resultant velocity straight north relative to the earth, assuming the speed relat

5.5 m/s? Specify the angle west of north, relative to the earth (i.e. A stationary observer on the shore).
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This problem involves the concept of relative velocity in two dimensions.

The problem details the case of a ship traveling through water, and we are concerned with the velocity of the ship relative to the Earth, Vs , which is the sum of t
the ship relative to the water vsw and the velocity of the water relative to the Earth, vwg .

That is,

VSE = VSW + VWE

If we take +y as north and +x as east, the velocity of the water relative to the Earth is

Ywe = vwecos (Owg) i + vwesin (Owe) §

where we are given the magnitude of this velocity and Owg in the problem statement.

In this part, we are asked to find the angle, counterclockwise relative to +y (i. e., west of north), required for the ship's velocity relative to the water to produce a
along +y only.

Let's call the angle we are asked to find €. Then, with simple trigonometry, we can express the ship's velocity relative to the water as

Vsw = —vswsin (0)i+ vswcos (0) j

Then,

VsE = vsw + Ywg = (—vswsin (0) i + vswcos (0) j) + (vwecos (Bwg) i + vwesin (Owg) j) = (—vswsin (8) + vwecos (Bwg)) i + (vswcos (8) + vwesin (i

With this, it is easy to see that to produce a vsg that has no component along X, the following must be true

—vswsin (0) + vwecos (Owg) = 0

Rearranging to solve for &’ , we have

0= sin”! ((:Z—\:) cos (9w1~:)>

‘With our known values,

0 = sin™! <<$> cos (40°)>
5.5

0 = 12.059° west of north

Part (b) What would the ship's speed be relative to the Earth, in meters per second?
In this part, we're asked to find the magnitude of the velocity of the ship relative to the Earth.

Because this part is a continuation of Part (a), the velocity has no x component,

VSE = Vsw + VWE
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Vse = (vsweos (0) + vwesin (Owe)) j

Hence, the magnitude of Vs is simply

VsE = vswcos (0) + vwesin (Owg)

Substituting our result for & from part a,

1.50 m

VSE = VSw COS (silf1 ((%) cos (9wE)>) + vwesin (Bwg) = (5.5%1) cos <sinl [( 5‘532 > cos ((40°) (Tf;o

VSE = 6.343?m

Solution

Problem 133 - 4.6.13 :

A sandal is dropped from the top of a 15.0-m-high mast on a ship moving at 1.75 m/s
due south. Calculate the velocity of the sandal when it hits the deck of the ship: (a)

relative to the ship and (b) relative to a stationary observer on shore. (c) Discuss how
the answers give a consistent result for the position at which the sandal hits the deck.

(a) 1'_\.2 2Agr—vy)=v, ==(-2a0)"

2

—[2(9. 80m/s*)(-15.0 m)} =-17.15m/s
17.1mstraight down

-
Il

(b) v = (vj +1'_‘_2A)l"2 - [(1.751n.fs)2 +(~17.15 n],fs)z]3 =17.21s

121 _84.2° below horizontal and to the south.
v

X

@ = tan

(c) The sandal hits the ship going straight down (according to the ship), but the ship is
moving south, so the observer on the shore sees the sandal moving mainly down,

but also a bit to the south.

Problem 134 - ¢5.1.1(v2) :
Given Newton’s First Law of Motion, what do we reasonably expect an object to do given the following scenarios?

Part (a) An object sits at rest with no unbalanced forces acting upon it. What do we expect this object to do?

According to Newton's First Law of Motion, the object will remain at rest.
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) e

Part (b) An object is traveling with a constant velocity with no unbalanced forces acting upon it. What do we expect this object to do?
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According to Newton's First Law of Motion, the object will continue traveling in a straight line (i.e., in the same direction) at the same speed.

Part (¢) An object sits at rest with an unbalanced force acting on it. What do we expect this object to do?

According to Newton's First Law of Motion, the object will not remain at rest. According to Newton's Second Law of Motion, as long as the same unbalanced foi
object will move with increasing velocity.

Problem 135 - ¢5.1.1 :

Given Newton’s First Law of Motion, what do we reasonably expect an object to do given the following scenarios?

Part (a) An object sits at rest with no unbalanced forces acting upon it. What do we expect this object to do?

According to Newton's First Law of Motion, the object will remain at rest.

Part (b) An object is traveling with a constant velocity with no unbalanced forces acting upon it. What do we expect this object to do?

According to Newton's First Law of Motion, the object will continue traveling in a straight line (i.e., in the same direction) at the same speed.

Part (c) An object sits at rest with an unbalanced force acting upon it. What should we not expect this object to do? Asking another way, which of the fol
an outcome?

According to Newton's First Law of Motion, the object will not remain at rest. Since we don't expect the object to remain at rest, the correct choice to answer the
will remain at rest."

Problem 136 - ¢5.1.2:

Full solution not currently available at this time.

For this problem, assume that Earth is an inertial reference frame. (Strictly speaking, Earth cannot be an inertial reference frame because of its rotation and
movement in its orbit about the Sun, but for most purposes it can be thought of as an inertial reference frame.)

Part (a) Which of the following objects are also inertial reference frames? Check all that apply.
A car moving in a straight line at constant speed

, An elevator moving upward at constant speed

Problem 137 - ¢5.1.3 :

Full solution not currently available at this time.

A woman has just left home for her morning commute and has forgotten that her coffee mug is on the roof of her car. At one point, as she is driving at a
constant speed of 35 km/h, she sees a squirrel running in front of the car. She slams on the brakes and the coffee mug slides across the car’s roof and falls

onto the windshield and hood. An observer standing on the roadside witnesses this event. For this problem, consider the motion of the coffee mug from the
moment the brakes are touched to just before it falls off the roof. (Assume that it slides across the roof with little to no friction.)

Part (a) In whose reference frame does the coffee mug accelerate forward?
The driver's

Part (b) In whose reference frame does the coffee mug move at constant velocity?
The roadside observer's

Problem 138 - ¢5.14 :

Full solution not currently available at this time.
A rock is thrown straight upward.
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Part (a) At which of the following points is the net force on the rock equal to zero?

At no point in the rock’s trajectory is the net force equal to zero.

Problem 139 - 5.1.1 :
Full solution not currently available at this time.

Two forces of _ = (2 - ;) Nand _ = (; - j) N act on an object.
Fi 6 —— F, 101 ———
V2 V2
Part (a) What is the resultant force in terms of the force vectors
F; and
F,?
Freg=F1+F;

Part (b) What is the magnitude of an equal and opposite force, F3, which balances the first two forces?

F3=F_2+F_1
F3=101+6
F3=107

Tolerance: + 3.21

Part (c) Given your observations from parts a and b, if working with vectors in 3 dimensions

(f,;, k) ;s what will the normalizing term n be for the two vectors

S

F1=

(?—}+ k)
cy 7 N and
F, =

(?—f+k)
Cy ﬁ N.
n=3

Tolerance: + 0.09

Part (d) Given the normalizing term n found in the previous part in 3 dimensions

(;JA E) ; what will the magnitude of the resultant vector

.

Fres
The vectors in question are

be in terms of the constants ¢ and c,.

F1=
(f—}'+k)
C T N and
Py =
(?—f+k)
Cy ﬁ .
Fres =cptey

Problem 140 - 5.1.2 :
Full solution not currently available at this time.

10/1/19, 6:57 PM

While sliding a couch across a floor, Hannah and Andrea exerts forces ﬁH and f ", on the couch. Hannah's force is due north with a magnitude of Fy=11 N

and Andrea's force is 0 = 22° east of north with a magnitude of F, = 101 N.

Part (a) Find the net force in the y-direction in Newtons.

YFy=F_ h+F_a * cos(theta * 7/180)
YFy=11+101* cos(22 * pi/180)
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YFy= 104.646
Tolerance: + 3.13938

Part (b) Find the net force in the x-direction in Newtons.

Y F, =F_a * sin(theta * 7/180)
YF, =101 * sin(22 * pi/180)
YF,=37835

Tolerance: + 1.13505

Part (c) Calculate the angle in degrees north of east of the net force exerted on the couch by Hannah and Andrea,
FHA .

0 = atan((F_h + F_a * cos(theta * n/180))/(F_a * sin(theta * n/180) )) * 180/n

6 = atan((11 + 101 * cos(22 * pi/180))/(101 * sin(22 * pi/180) )) * 180/pi

6=70.122

Tolerance: = 2.10366

Part (d) Hannah and Andrea's housemates, David and Stephanie disagree with the move and want to prevent its relocation. Their combined force
F ps must be equal and opposite to that of

F 4 - What is the magnitude in Newtons of the force

F ps Which will prevent the relocation?

Fpg = ((F_a * sin(theta * n/180))A2 + (F_h + F_a * cos(theta * 7/180) )A2)A0.5
Fpg = ((101 * sin(22 * pi/180))A2 + (11 + 101 * cos(22 * pi/180) )A2)10.5

Fpg =111.275

Tolerance: + 3.33825

Problem 141 - 5.2.2 :
Full solution not currently available at this time.

A fireman has mass m; he hears the fire alarm and slides down the pole with acceleration a (which is less than g in magnitude).

Part (a) Using the variables in the problem statement, write an equation giving the vertical force F resisting the force of gravity on the firefighter.

F=mg-ma

Part (b) If his mass m = 50.1-kg and he accelerates ata=2.1
m

> what is the magnitude of the force of resistance in Newtons?
s

F=m#*981-m*a
F=501%981-50.1%2.1
F =386.271

Tolerance: + 11.58813

Problem 142 -52.3:
Full solution not currently available at this time.

A baseball catcher is performing a stunt for a television commercial. He will catch a baseball with mass m = 100.1 g, dropped from a height Ax = 710.1 m
above his glove. The glove brings the ball to a complete stop in time Zgj4y, = 0.02 seconds after the ball hits hit the glove.

Part (a) Use your understanding of kinematic equations to write a formula for the time that the ball is falling before it hits the glove, Ifjight- Use variables
statement alongside g for acceleration due to gravity to write your equation.

thight = (2 Ax/g)"?

Part (b) What is the amount of time #g;,p, in seconds the ball takes to hit the glove after it is dropped?
Iighe = (x * 2/9.81)10.5
Ifigne = (10.1 * 2/9.81)10.5
tﬂight =1.435
Tolerance: x 0.04305

Part (c) Write an equation for the speed of the ball just before it hits the glove, vg. Use g for the acceleration due to gravity and Iight for the time it takes
after it is dropped.

ve =g thioht
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Part (d) Find the speed of the ball v, at the moment it first touches the glove.
ve=(2%9.81*x)A0.5
ve=(2%9.81%10.D)"0.5
vy =14.077
Tolerance: + 0.42231

Part (e) Considering the amount of time 7y, it took for the glove to stop the ball, find the magnitude of the net force on the ball in Newtons while it is in
Fpee = (2% 9.81 * x)A0.5/t * m/1000
Fpee = (2% 9.81 ¥ 10.1)20.5/0.02 * 100.1/1000
F et =70455
Tolerance: + 2.11365

Problem 143 -5.24 :
Full solution not currently available at this time.
When the Moon is directly overhead at sunset, the force by the Earth on the Moon, Fgy, is essentially 90° to the force by the sun on the moon,

Fopp 8 depicted in the image. Let Fpm = 1.01% 1020 N, Foy =4.01 % 1020 N, all other forces on the Moon be negligible, and the mass of the
Moon be ,,, =7.35 x 1022 kg.

T

EM

Moor
Part (a) What is the magnitude of the net force exerted by the Earth and Sun on the Moon in Newtons?
F et = (FemA2 + FsmA2)A0.5 * 10420
Fpet = (1.0142 + 4.0142)20.5 * 10A20
F e = 4.13523880809803E+20
Tolerance: + 1.24057164242941E+19

Part (b) What is the magnitude of the Moon's acceleration in
m
o

52

a = (Fem?2 + FsmA2)A0.5 * 10A20/(7.35 * 10A22)
a=(1.012 + 4.0122)A0.5 * 10A20/(7.35 * 10A22)
a =0.005626

Tolerance: + 0.00016878

Problem 144 - ¢5.3.1:
Two blocks of unequal mass are tied together with a massless
string that does not stretch. The blocks are placed on a frictionless table top and
then one of the blocks is pushed over the edge.

Part (a) The blocks accelerate at the same rate since they are connected. What is the acceleration? (Choose the correct answer.)
MultipleChoice :

1) A value between zero and g.
2) Cannot be Determined.

3) A value greater than g.

Heg

5) g2

6) Zero
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Problem 145 - ¢53.2 :

Consider a bowling ball of mass M attached to two ropes. The bowling ball is in equilibrium, with one rope tied to the ceiling and
the second rope pulling horizontally. Refer to the figure on the right.

Part (a) How is the tension T, related to the weight of the bowling ball?

The ball is being pulled to the right. Whether it is at rest in equilibrium or moving to the right and up as a result of the pulling, the magnitude of the vertical comg
equal to the weight of the bowling ball, due to Newton's second law. In addition, the magnitude of the horizontal component of 73 is greater than zero, because 7
from being freely pulled to the right. Therefore, the magnitude of 7> must be greater than the ball's weight. The correct choice is "7 is greater than the object's v

Problem 146 - ¢5.3.3 :

Consider the block shown in the figure, which has a mass m and is sitting at rest on a ramp making an angle of 6 with respect to the
floor.

Part (a) How big is the normal force acting on the block due to the ramp?

Since the block is in equilibrium in the direction perpendicular to the ramp, the normal force of the ramp on the block must equal the component of the block's we
ramp, according to Newton's second law. The magnitude of that component is mgcos (0). Thus, assuming 0 is less than 90°, the ramp's normal force on the block
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Problem 147 - ¢5.34 :
A ball of mass m is tossed straight up and reaches a height of 15 ft.

Part (a) At the top, 15 ft up, what is the magnitude of the net force on the ball?

The only force acting on the ball is the force of gravity, so

Fnet =mg

Problem 148 - ¢5.3.5:
Consider a jet plane, which is flying in a general direction under its own power.

Part (a) If we break the acceleration of this jet into two components, in the vertical and horizontal direction, what statement correctly characterizes the «

Newton's second law tells us that acceleration is caused by forces acting on the accelerating object, added together as vectors. Because the law is a vector relatior
acting in the horizontal direction to horizontal acceleration. Similarly, vertical forces can only contribute to causing vertical acceleration. The force of gravity on

the earth (vertically). However, a plane's propulsion system (it's thrust) acts in whatever direction the plane is facing. If the plane is angled upward, the thrust will
upward, as well as horizontally.

Problem 149 - ¢5.3.6 :
Full solution not currently available at this time.

Consider applying Newton’s second law to a man riding an elevator (perhaps to calculate his acceleration).

Part (a) Which of the following forces must be considered? Choose all that apply.

The force that the elevator floor exerts on the man’s feet , The force of gravity on the man

Problem 150 - ¢5.3.7 :
Full solution not currently available at this time.

A particle is moving to the right.

Part (a) Is it possible that the net force on the particle is directed to the left?
Yes

Part (b) Is it possible that the net force on the particle is directed downward (perpendicular to the particle’s velocity)?

Yes

Part (c¢) In general, the direction of the net force on a particle is always the same as the direction of its velocity.

FALSE

Part (d) In general, the direction of the net force on a particle is always the same as the direction of its acceleration.

TRUE

Part (e) In general, acceleration and velocity are necessarily in the same direction.

FALSE

Problem 151 - 5.3.1 (alt) :
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A boxer's fist and glove have a mass of 1 = (.82 kg. The boxer's fist can obtain a speed of v=6.5 m/s in a time of 7
=0.16s.

Randomized Variables

m=0.82kg
v=06.5m/s
t=0.16s

Part (a) Write a symbolic expression for the magnitude of the average acceleration, ¢ .., of the boxer's fist, in terms of the variables
provided.
Expression

Aave =

Select from the variables below to write your expression. Note that all variables may not be required.
0.p.6,a,d.ghijklmPtyv

Part (b) Find the magnitude of the average acceleration, @y, in meters per square second.
Numeric : A numeric value is expected and not an expression.

Aave =

Part (c) Write an expression for the magnitude of the average net force, Fj, that the boxer must apply to his fist to achieve the given velocity.
(Write the expression in terms of 72, v and 7.)

Expression

F, b=

Select from the variables below to write your expression. Note that all variables may not be required.
o.Bp.0,a.d, g hijklmPtyv

Part (d) What is the numerical value of Fy,, in newtons?

Numeric : A numeric value is expected and not an expression.
Fb =

o) awerere acceleCation '5\:,: ir s

b) [ax Ho.& w53

C) Net  Fora '—I’;;’_’Ma -

d) Fbaf37.3 N

Problem 152 - 53.1 :
Aboxer's fist and glove have a mass of m = 0.72 kg. The boxer's fist can obtain a speed of v=5.25 m/sin a time of t=0.11 s.

Randomized Variables

m=0.72kg
v=>5.25m/s
t=0.11s

Part (a) Write a symbolic expression for the magnitude of the average acceleration, a,,, of the boxer's fist, in terms of the variables provided.

The average acceleration is given by the change in velocity divided by the change in time.

| <

dave =

Part (b) Find the magnitude of the average acceleration, a,,., in meters per square second.

Here, we need to plug in variables to the equation we found in part (a).

<

dave =
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5.25 m/s
0.11s

Aave =

Aave = 47.727 m/s?

Part (c) Write an expression for the magnitude of the average net force, F,, that the boxer must apply to his fist to achieve the given velocity. (Write the «
and t.)

Force is given by Newton's Second law as:

F =ma

‘We found an expression for the average acceleration in part (a). Plugging that into the above equation gives us an expression for the average force.

(2

Part (d) What is the numerical value of Fy, in newtons?

We found an expression for the average force the boxer must exert in part (c). To complete this problem, we just need to substitute values into that equation and s

fien)

5.25 m/s

Fy=072kg - =57

Fp =34364 N

Problem 153 -5.3.2:

A high-performance dragster with a mass of m = 1001 kg can accelerate at a rate of a = 20.5 m/s2.

Randomized Variables

m=1001I kg
a=20.5m/s?

Part (a) Write an expression for the magnitude of the net force, Fygr, that propels the dragster forward in terms of the variables provided.

Newton's Second Law tells us the relation between force, mass, and acceleration.

Fner = ma

Part (b) If the track has length L and the dragster starts from rest, select the correct symbolic equation for how fast v the dragster is traveling when it fi
that it accelerates at the same rate along the full length of the track.)

We will need to use a kinematic equation to solve for the final velocity. In this case, we know that the dragster starts from rest, that it travels a distance L, and tha
by a. With this information, we can set up the following kinematic equation:

V7 = V72 +2aL
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VA= 0% + 2alL

sz =2aL

Vi = +/2al

Part (c) If the track is L=400 m long, what is the numerical value of the dragster’s final speed, v¢in m/s?

Here, we need to plug values into the equation we found in part (b) and solve for the final velocity.

Vi = y2aL

Vi =1/2-205m/s2 - 400 m

Vr = 128.062 m/s

Problem 154 - 5.3.3 :
A bullet with a mass of m = 10.5 g is shot out of a rifle that has length L = 0.72 m. The bullet spends # = 0.11 s in the barrel.

Part (a) Write an expression, in terms of the given quantities, for the magnitude of the bullet's acceleration, a, as it travels through the rifle's barrel. You
acceleration is constant throughout the motion.

To find the bullet's acceleration, we will need to use a kinematic equation. We know that the bullet has no initial velocity, we know the length of the rifle's barrel,
the bullet takes to travel through the barrel. With this information, we can set up the following kinematic equation.

1
d=vt+ zat®
2
Now, let's rewrite this in terms of the variables for this problem and adjust it to isolate the acceleration on the left side.

1
L=0-1+ —at’

2
1
L=5a12
oL
2
_ 2L
Nz

Part (b) Calculate the numerical value for the magnitude of the bullet’s acceleration, a in m/s2.

We already found an equation for the velocity in part (a). To find the solution, we simply need to plug values into our previous equation and solve it.

2L
“c
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2.0.72m
a=—>
0.11s)

a = 119.008 m/s 2

Part (c) What is the numerical value of the net force Fyy in newtons acting on the bullet?

Newton's Second Law tells us that the force acting on an object is given by the equation:
F=ma

Since we found the acceleration previously, we can plug values into this equation to find the net force. In so doing, we need to be careful to convert the mass fron
order to get a correct answer.

2L
Fyer =m- —
t

2-072m

Fyer = 105107 kg - ————
O.11s)

Fyer = 125N

Problem 155 - 5.3.3 (alt) :
A bullet with a mass of m = 10.5 g is shot out of a rifle that has length L = 0.72 m. The bullet spends # = 0.11 s in the barrel.

Part (a) Calculate the magnitude of the bullet's acceleration, in meters per second squared, as it travels through the rifle's barrel. You may assume the a¢
throughout the motion.

We have the distance the bullet traveled, the time it traveled, its initial velocity (from rest), and its initial displacement (0 m). Using the kinematic equation for di:

1
y= (Eat2+vot+yo> m

where a is the acceleration in m/s? ,tis the time in s, vo is the initial velocity in m/s, and yo is the initial displacement. Therefore,

L L
=—-at"+0-t+0=zat
Y72 2
Solving for the acceleration and converting units as needed,

2y 2L (2-072m)

2 27 (011s)

a = 119.008 m/s?

Part (b) What is the numerical value of the net force Fygy in newtons acting on the bullet?

The net force is related to the acceleration by the expression

Fyer = ma N

where m is the mass in kg and a is the acceleration in m/s” . Subtituting in for both, plugging in numbers, and converting units if needed,
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L 105 (2-0.72 m)
F = =m-2 - — = - ke -
NEPE SIS T 1000 2 T 011 sy

Fyer = 125N

Problem 156 - 5.3.5 :

A block with a mass of m = 11 kg rests on a frictionless surface and is subject to two forces acting on it. The first force is directed in
the negative x-direction with a magnitude of F| = 8.5 N. The second has a magnitude of F, = /8 N and acts on the body at an angle

6 = 11° measured from horizontal, as shown.

Part (a) Please select the correct free body diagram from the choices below.

The correct free-body diagram will need to include both of the forces that are described in the problem statement. Further, the correct diagram must account for tl
force of gravity on the block. This eliminates all but two of the possible choices. Looking closely at the two choices, it becomes apparent that one of them has mi
correct answer is therefore the one with all four of the forces placed as well as having @ labeled correctly.

il

Part (b) Write an expression for the component of net force, F¢¢ 5, in the x-direction, in terms of the variables given in the problem statement.

The net force will be given by the x-component of /> minus F| .

Frerx = Facos (0) — F

Part (c) Write an expression for the magnitude of the normal force, Fy, acting on the block, in terms of F, and the other variables of the problem. Assun
on is rigid.

The magnitude of the normal force must be equal to the total downward force on the box. As such, the normal force will be equal to the y-component of F> plus -
box.

Fy = Fasin(0) + Fy

Fn = Fasin (0) + mg
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Part (d) Find the block's acceleration in the x-direction, ay, in meters per second squared.

Newton's Second Law gives us the following relation between force, mass, and acceleration:

F =ma

F
=g
m

As we found the force in the x-direction in part (b), we can plug in values and solve for the acceleration.

_ F, net,x
m

0= Frcos () — Fy
- m

18N -cos(11°) —8.5N
11 kg

0.8336 m/s >

Q
Il

Problem 157 - 5.3.5(iFBD) :
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A block with a mass of 7 = 30 kg rests on a frictionless surface and is y
subject to two forces acting on it. The first force is directed in the negative x-
direction with a magnitude of F; = 70 N. The second has a magnitude of 7> =2/ N "
and acts on the body at an angle 8 = 72 ° up from the horizontal as shown. F
2

Randomized Variables

6(
m=30kg
F;j=10N
F>=2IN
6=12°

Part (a) Please select the correct free body diagram from the choices below.

SchematicChoice :
= ?N Fy

F N
¢ F,

_ «:’ ............

w

i I
F, F F,

Part (b) Write an expression for the component of net force, Fiet x. in the x-direction, in terms of the variables given in the problem
statement.

Expression :

F, net,x —

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(a). sin(¢). sin(0), 0. . 6. d. Fy. Fr. g. m. t

Part (c) Write an expression for the magnitude of the normal force, Fy, acting on the block, in terms of 5 and the other variables of the
problem. Assume that the surface it rests on is rigid.

Expression :

FN =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(v), sin(¢). sin(0), . . 6. d, F;. Fr. g. m, t

Part (d) Find the block's acceleration in the x-direction, ay, in meters per square second.
Numeric : A numeric value is expected and not an expression.

d z
) E#'* ma,

Problem 158 - 5.3.5 (alt) :
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A block with a mass of 7 = 30 kg rests on a frictionless surface and is y
subject to two forces acting on it. The first force is directed in the negative x-
direction with a magnitude of F; = 70 N. The second has a magnitude of 7> =2/ N "
and acts on the body at an angle 8 = 72 ° up from the horizontal as shown. F
2

Randomized Variables

6(
m=30kg
F;j=10N
F>=2IN
6=12°

Part (a) Please select the correct free body diagram from the choices below.

SchematicChoice :
= ?N Fy

F N
¢ F,

_ «:’ ............

w

i I
F, F F,

Part (b) Write an expression for the component of net force, Fiet x. in the x-direction, in terms of the variables given in the problem
statement.

Expression :

F, net,x —

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(a). sin(¢). sin(0), 0. . 6. d. Fy. Fr. g. m. t

Part (c) Write an expression for the magnitude of the normal force, Fy, acting on the block, in terms of 5 and the other variables of the
problem. Assume that the surface it rests on is rigid.

Expression :

FN =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(v), sin(¢). sin(0), . . 6. d, F;. Fr. g. m, t

Part (d) Find the block's acceleration in the x-direction, ay, in meters per square second.
Numeric : A numeric value is expected and not an expression.

d z
) E#'* ma,

Problem 159 - 5.3.5 (alt2) :
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A block with a mass of 7 = 30 kg rests on a frictionless surface and is y
subject to two forces acting on it. The first force is directed in the negative x-
direction with a magnitude of F; = 70 N. The second has a magnitude of 7> =2/ N "
and acts on the body at an angle 8 = 72 ° up from the horizontal as shown. F
2

Randomized Variables

6(
m=30kg
F;j=10N
F>=2IN
6=12°

Part (a) Please select the correct free body diagram from the choices below.

SchematicChoice :
= ?N Fy

F N
¢ F,

_ «:’ ............

w

i I
F, F F,

Part (b) Write an expression for the component of net force, Fiet x. in the x-direction, in terms of the variables given in the problem
statement.

Expression :

F, net,x —

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(a). sin(¢). sin(0), 0. . 6. d. Fy. Fr. g. m. t

Part (c) Write an expression for the magnitude of the normal force, Fy, acting on the block, in terms of 5 and the other variables of the
problem. Assume that the surface it rests on is rigid.

Expression :

FN =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(v), sin(¢). sin(0), . . 6. d, F;. Fr. g. m, t

Part (d) Find the block's acceleration in the x-direction, ay, in meters per square second.
Numeric : A numeric value is expected and not an expression.

d z
) E#'* ma,

Problem 160 - 5.3.6 :
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A toy car rolls down a ramp at a constant velocity. The car's mass is m = ./ kg and the ramp makes an angle of 6 = /1 degrees with
respect to the horizontal. Assume the rolling resistance is negligible.

Part (a) What is the magnitude of the car's acceleration, a in m/s??

The problem statement notes that the toy car moves down the ramp at a constant velocity. As a consequence, there must be no acceleration.

a=0

Part (b) What is the numeric value for the sum of the forces in the x-direction, XF, in Newtons?

In part (a), we noted that the car has no net acceleration since it is moving at a constant velocity. This means that the forces on the car must be balanced in order t
Law. As such, there must not be any net force on the car in the x-direction.

XF, =0

Part (c) Assuming the car experiences only air resistance in opposition to its motion, with magnitude F,. Write an expression for the sum of the forces in
acceleration due to gravity, g, and the variables provided.

To begin, let's draw a free body diagram of the forces on the car.

y Fn

We see that the only forces acting along the chosen x-axis are the x-component of the gravitational force acting in the positive x-direction and the air resistance ac
direction. Using trigonometry, we can construct the following equation for the sum of the forces in the x-direction:

IF, = ng - F;

XFy = Fgsin(0) — F;

XFy = mgsin (0) — F,

Part (d) What is the magnitude of the force caused by air resistance, F, in Newtons? (Maintain the assumption that the car's velocity is constant.)
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To solve for the magnitude of the force of air resistance, we can combine the equation we found for net force in part (b) with the equation for net force we found
F,.

XF, =0 = mgsin(0) — F,

0 = mgsin (0) — F;

F, = mgsin (0)

F,=11kg -9.81 m/s2-sin(11°)

F,=2.059N

Problem 161 - 5.3.7 (alt) :

A bicycle and rider with mass 7 rolls down a hill at constant
velocity under the influence of gravity with negligible rolling resistance. The
hill makes an angle of 8 = 79 degrees with respect to the horizontal. The force N
of air resistance, termed "drag", has a magnitude of F;= 93 N. Assume that the
x-direction is parallel to the slope of the hill and the y-direction is perpendicular
to the hill as shown.

Randomized Variables

6=19°
Fg=93N

Part (a) What is the sum of the forces in the y direction, XF), in Newtons?

Numeric : A numeric value is expected and not an expression.
\"F S
LF,

Part (b) Input an expression for the sum of the forces in the x-direction, £F,, in terms of the quantities given and variables available in the
palette.

Expression :

IF,=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(0), sin(a). sin(@), sin(0), . . 6. d. Fg.g. h, m. t

Part (c) Using the information above, what is the total mass of the bike and rider m in kg?
Numeric : A numeric value is expected and not an expression.
m=

a) Tlen is no accclecation in Th yw&‘mviwn (sma the opelidt is sbyhj on T k.‘l/)l

r
,4.55,”9:6‘——7 M‘:———i’ M:’Q?.,N

<) 4 et} .,.(oc,'l,, Th=o s g5 )

Problem 162 - 5.3.8 :
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Attached to the rear-view mirror of a car is a small crystal on a y
string. When the car is stopped at a light, the crystal hangs vertically. When the
light turns green. the driver accelerates and notices the crystal makes an angle of
6 = 14 degrees with respect to the vertical.

Randomized Variables

6= 14 degrees

X

Part (a) Please select the correct free body diagram, using an inertial coordinate system fixed to the road, given Fy is the force due to gravity,
Fris the tension in the string, F, is the centrifugal acceleration and Fy is the normal force.
SchematicChoice :

Z’n\/

O
o

il

Tl

Part (b) Input an expression for the magnitude of the car's acceleration in terms of the variables provided - the acceleration due to gravity and

Expression :
a=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cotan(0). sin(a), sin(). tan(0), a. B, 6. cos(0), cot(0). d. g. h. j, k, m, P, sin(0). t

. . . 2,
Part (c) What is the car's acceleration in m/s=?
Numeric : A numeric value is expected and not an expression.
a=

Part (d) When the car is no longer accelerating, what is the angle, 6 in degrees?
Numeric : A numeric value is expected and not an expression.
0=

«) (76/‘5' b E e udiel  ditechon ; ZF} o g_sme 2 ma, (x—d.'t‘«.‘flm)
j T e wefical dicetion, ZF = hwo- rg =0 (y-—dir-chm)
6 —p F: Mj

~3 - _ % 0
((o)@ He 2 Mee _"ac—jhe

1}

5) [a= 2.4 mlsa

(om'aml' v'(°a'1Ly, “"‘}1" e nﬂL

be mov a'}'
Q) kbt acelraton, e oc most o n -
fxee on the a‘ysﬁ./, FZF=0 % o FBD most b ] {9,0!

Problem 163 - 5.39 :
Full solution not currently available at this time.

An object of mass m has these three forces acting on it (there is no normal force, "no surface"). F; =2 N, F, =7 N, and F3 =2 N.
When answering the questions below, assume the x-direction is to the right, and the y-direction is straight upwards.
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Part (a) What is the net force in component form, in terms of Fy, F,, F3, and the unit vectors i and j

F=(F2-F3)i+(-F1)j

Part (b) What is the magnitude of the net force, in newtons?

IFl = (£2-£3)A2+£1A2)A0.5
IFl = ((7-2)A242/2)20.5
IFl = 5.385

Tolerance: + 0.16155

Part (c) What is the angle 0, in degrees, of the net force, measured from the +x-axis? Enter an angle between -180° and 180°.

0 = atan(-f1/(f2-£3))*(180/3.14159)
0 = atan(-2/(7-2))*(180/3.14159)

0 =-21.801

Tolerance: + 0.65403

Part (d) What is the magnitude, lal of the acceleration, in meters per square second, if the block has a mass of 5.7 kg?

lal = ((£2-£3)A2+(f1)A2)A0.5/(m)
lal = ((7-2)A2+(2)A2)70.5/(5.1)
lal = 1.056

Tolerance: + 0.03168

Problem 164 - 5.3.10 :
A chandelier is suspended by two identical, vertical chains side by side. The chandelier's mass is m = 5.7 kg.

Part (a) If the tension in one chain is represented by T, write an expression for the magnitude of the tension in terms of m and g, the gravitational accelel
surface.

Let's begin by drawing a free-body diagram of the chandelier.
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Due to the symmetry of the system, the chains will both exert the same force of tension on the chandelier. Since the chandelier is stationary, there will be no net f
can therefore set up the following equation:

Fro =T +T —F,

0=T+T-F,
Fe =2T
mg = 2T
mg
=S _T
2

mg
T=—

2

Part (b) What is the tension in one chain, 7, in newtons?

We found an equation for the force of tension on one chain in part (a). Here, we simply need to solve that equation.

-
=5
5.1kg - 9.8 m/s?
T="-=""""
2
T=2499N

Part (c) If the tops of the chains are separated so that the chains are no longer vertical, does the tension increase or decrease?
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Let's begin by drawing a new free-body diagram for this situation.

As we can see, the vertical components of the two forces of tension must be the same as the total tension in part (a), as the vertical components of the tension mu:
force to counteract the force of gravity. However, they now also have horizontal components to the force that did not exist previously. This means that the force o

Increase

Problem 165 - 5.3.10 (alt) :

A chandelier 1s suspended by two vertical chains side by side. The chandelier's mass 1s m = 5.6 kg.
Randomized Variables

m=5.6kg

Part (a) If the tension in one chain is represented by 7. write an expression for this tension in terms of 72 and g, the gravitational acceleration
on the Earth's surface. Pick a coordinate system so that this tension is positive.

Expression

T=

Select from the variables below to write your expression. Note that all variables may not be required.
o.p.6,a.b.d g hijkmPSt

Part (b) What is the tension in one chain, 7, in newtons?
Numeric : A numeric value is expected and not an expression.
T=

Part (c) If the tops of the chains are separated so that the chains are no longer vertical, does the tension increase or decrease?
MultipleChoice

1) Decrease
2) Increase
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Problem 166 - 5.3.12 (iFBD) :
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A block having a mass of m = 78.5 kg is suspended via two cables
as shown in the figure. The angles shown in the figure are as follows: a = 79°
and f = 34°.

Randomized Variables
m=18.5kg

a=19°
p=34°

Part (a) From the images below. choose the correct free body diagram.
SchematicChoice

1 .
l mg mg mg

Ty T : 2 i T:
A :“
T, <—0—> T : :
a T
mg mg mg

Part (b) Write an expression for the sum of forces in the x direction in terms of 77, 75, m, g, a, and f. Use the specified coordinate system.

Expression
IFx=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(B). cos(¢), cos(0). sin(p). sin(). sin(8). a, 6. cos(a), g, m, sin(a). t. T1. T,

Part (c) Write an expression for the sum of forces in the y direction in terms of 77, 75, m, g, a, and 5. Use the specified coordinate system.

Expression
YE —
IFy =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(P), cos(@). cos(8). sin(P). sin(¢), sin(8). a, 6. cos(a), g. m, sin(a). t. T1. T,

Part (d) Solve for the numeric value of 77, in newtons.

Numeric : A numeric value is expected and not an expression.
T1 =

Part (e) Solve for the numeric value of 75, in newtons.

Numeric : A numeric value is expected and not an expression.
Tz =
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Problem 167 - 5.3.12 (alt2) :
Full solution not currently available at this time.

A block having a mass of m = 10.5 kg is suspended via two cables as shown in the figure. The angles shown in the figure are as
follows: a = 11° and § = 25°.

Part (a) From the images below, choose the correct free body diagram.

Part (b) Solve for the numeric value of T7, in newtons.

T1 = m*9.81/(cos(a*3.14159/180)+sin(a*3.14159/180)*tan(b*3.14159/180))

T = 10.5%9 81/(cos(11%3.14159/180)+sin(11+3.14159/180)*tan(25*3.14159/180))
T, =96.212

Tolerance: + 2.88636

Problem 168 - 5.3.12 :

A block having a mass of m = 10.5 kg is suspended via two cables as shown in the figure. The angles shown in the figure are as
follows: a = 11° and 3 = 25°. We will label the tension in Cable 1 as T} and the tension in Cable 2 as 7.
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Part (a) From the images below, choose the correct free body diagram.

The block is subject to three forces: the tension from cable 1, the tension from cable 2, and the force of gravity. The correct free-body diagram needs to have all tl
as placing them with the correct angles.

Part (b) Write an expression for the sum of forces in the x direction in terms of Ty, T,, m, g, @, and . Use the specified coordinate system.

Looking at the free-body diagram, we see the only forces acting in the x-direction are the x-components of the two tensions, with 7' acting in the negative x-dire
positive x-direction. As such, we can find the following equation for the net force in the x-direction with trigonometry:

XF, = Thcos (B) — Tisin (@)

Part (¢) Write an expression for the sum of forces in the y direction in terms of Ty, T,, m, g, @, and . Use the specified coordinate system.

Looking at the free-body diagram chosen in part (a), we see that the y-components of the two forces of tension both act in the positive y-direction and the force o
negative y-direction. Using trigonometry, we can get the following equation for the net force in the y-direction:

XFy = Trsin(B) + Ticos (a) — mg

Part (d) Solve for the numeric value of Ty, in newtons.

To find a value for 77, we will need to use a system of equations using the equations we found in parts (b) and (c), noting that there is no net force on the block ir
directions.

XF, = Thcos (B) — Tisin (@)

0 = Trcos (P) — Tisin (a)

Tisin () = Tacos (f)
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Tisin(a)
cos(f)

2

Now that we have an equation for 7> in terms of 77, we can plug this into our equation for the net force in the y-direction to solve for 7

2Fy = Trsin (B) + Ticos (a) — mg
0 = Tasin (p) + Ticos (a) — mg

_ (Tisin(@)
0= < cos ()

> sin (f) + ticos (@) — mg
mg = Tisin (a) tan (f) + Ticos ()

mg = T [sin () tan () + cos ()]

mg _
sin (@) tan (B) + cos (@) ~—

T

10.5kg -9.81 m/s?
sin (11°) - tan (25°) + cos (11°)

1=

71 =96.212N

Part (e) Solve for the numeric value of T, in newtons.

We found an equation for 77 in part (d). We can use this together with the equation from part (b) and the fact that there is no net force in the x-direction to solve {

2F, = Thcos (P) — Tisin (@)
0 = Trcos (P) — Tisin (a)
Tisin () = Tacos (f)

sin(@)

Veos(B)

2

Now we can plug in the value for 77 that we found in part (d) and solve for 7>

mg sin(a)
( sin (@) tan (p) + cos (a)> " cos ® 2
mg _T
sin (B) + cot () cos (f) 2

_ 105kg -9.81 m/s?
T sin (25°) + cot (11°) cos (25°)

T, =20.256 N
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Problem 169 - 5.3.12 (alt) :

A block having a mass of m = 10.5 kg is suspended via two cables as shown in the figure. The angles shown in the figure are as
follows: @ = 11° and § = 25°.

Part (a) From the images below, choose the correct free body diagram.

For the free body diagram, the tensions in the cables will point along the cables at the same angles depicted and the force of gravity will point straight down. Onl:
correctly.

Part (b) Solve for the numeric value of T, in newtons.

From the free body diagram, the components of all the forces along the y and x axes can be determined. Since the block is stationary, the sum of all these forces r

ZFX = Trcos (B) — Tisin(a) ZFy = Ticos (a) + Tasin (f) — mg
=0 =0
)
Trcos (B) = Tisin(a) Ticos (@) + Tasin (f) = mg

where the tensions are measured in N, the angles in rad, m is the mass in kg, and g is the acceleration of gravity in m/s? . First solve for the second tension in the 1
substitute that into the second equation.

. sin(a)
L=T cos (ff)
sin(a) .
Ticos(a) + Th cos B) sin (f)

Solving for Ty

Ti (cos (a) + sin (@) tan (B)) = mg

_ (mg)
~ (cos (a) + sin (a) tan (B))

T
Plugging in numbers and converting units as needed,

(10.5kg - 9.81 m/s*)

(cos(11°~ ’l'égd) +sin(11°~ ’l'ég‘j)tan (25°~ ’l'ggd))

T =

T) =96.212N
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Part (c) Solve for the numeric value of T, in newtons.

From the free body diagram, the components of all the forces along the y and x axes can be determined. Since the block is stationary, the sum of all these forces r

ZFX = Thcos () — Tisin(a) Z Fy = Ticos (a) + Trsin () — mg

SO

Trcos (f) = Tisin(a) Ticos (a) + Tasin (f) = mg

where the tensions are measured in N, the angles in rad, m is the mass in kg, and g is the acceleration of gravity in m/s? . First solve for the second tension in the 1
substitute what was found in the previous part for the other tension.
sin (a (mg)
=T (@) _ g

sin(a) _ (mg)
cos(f) ~ (cos(a) + sin(a) tan (B)) cos (B) ~ (cot () cos (B) + sin ()

Plugging in numbers and converting units as needed,

(10.5 kg - 9.81 m/s*)
T, =

for (117558 cos (257 358) i (25" 557)

T, =20.256 N

Problem 170 - 5.3.16 :

Since astronauts in orbit are in free fall and thus apparently weightless, a clever method of measuring their masses is needed to monitor their mass gains or
losses to adjust diets. One way to do this is to exert a known force on an astronaut and measure the acceleration produced. Suppose a net force of 45 N is
exerted and the astronaut’s acceleration is measured to be g g75 m/s2 <

Part (a) Calculate her mass, in kilograms.

In general, the net external force on one object is expressed by

n
Foe = Zmai N
i=1

where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s? and n is the total number of accelerations. In this case,
n=1

Frer = ma
Fnet
m=
a

Plugging in numbers and converting units as needed,

_ 45N)
0.875 m/s?

m = 51.429 kg
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Problem 171 - 5.3.17 :

In the figure, the net external force on the 24 kg mower is known to be 51 N.

Randomized Variables

("
f=2IN

v=1.1m/s

Part (a) If the force of friction opposing the motion is 2/ N, what force F (in newtons) is the person exerting on the mower?

In general, the net external force on one object is expressed by

n
Fret = Zmai N
i=1
where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s> and n is the total number of accelerations. In this case,
n=2
Foet = Fn — F 'f
where F, is the mower's force in N and Fy is the friction force in N. The minus sign accounts for the direction. Solving for the mower's force
Fn = Fpet + F 'f
Plugging in numbers and converting units as needed,

Fn=51N+21IN

Fn=7T2N

Part (b) Suppose the mower is moving at /./ m/s when the force F is removed. How far will the mower go before stopping in m?

Under a constant acceleration, a velocity is related to the acceleration, initial velocity, and distance by the expression

V' = (3 + 2ad) m/s

where v is the initial velocity in m/s, a is the constant acceleration in m/s? ,and d is the distance in m. The final velocity is zero so

"

d:_%

The acceleration is from the friction and related to the force and mass by the relation

F=ma

go_ Y0 __m
2(L) " F
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Plugging in numbers and converting units as needed,

(-24 kg - (1.1 m/sy)
d=x= 2-21N)

x=0.6914 m

Problem 172 -5.3.19 :

The mass of the system of the rocket sled shown in the figure is 2100 kg, and the force of friction opposing the motion is known to
be 625 N. The thrust for the rocket sled is 2.59 x 10* N.

Randomized Variables

f=625N

Part (a) What is its acceleration in m/s2?

In general, the net external force on one object is expressed by

n
Fnet = Zmai N
i=1

where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s? and n is the total number of accelerations. In this case,
n=2

Fnet:Fr_F}"

where F; is the rocket's force in N and Fy is the friction force in N. The minus sign accounts for the direction. Therefore,

Fnet:manet:Fr_F}'

(F - F)

Apet =
Plugging in numbers and converting units as needed,

(2.59 - 10* N — 625N)
2100 kg

et =

et = 12.036 m/s?

Problem 173 - 5.3.20 :

A force exerted on a flexible object at its center, perpendicular to its length, gives rise to a tension
on the object.
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Part (a) What equation represents the tension on the object?
Write an equation that represents the tension on the object.

Begin by writing expression for the forces acting on the center of the object where the force is applied.

2F = ma

The object is in static equilibrium.

YF=0

Break the vector equation into two component equations.

XF, =0

$F, =0

Each half of the object pulls with tension T, but only a small component of that force pulls in the direction parallel to the force F.

The y component of each force T is T - sin (0).

XFy=0=T-5in(®)+7T-sin(0) - F

0=2-T-sin(0) = F

2-T-sin(@)=F

F
r= 2sin (0)

A car of mass 1500 kg is hung from a beam that deflects 0.02°. What is the tension in this beam in Newtons?

Begin with the expression derived in part a.

F
T= 2sin (0)

In this case, the applied force F is the force of gravity exerted on the car.
mg

T'=3n®

((1500kg) - (9.812))
(2 - 5in (0.02°))

((1500kg) - (9.812))
(2-0.0003491)

T =21077685.316N

Problem 174 - 5.3.21 :
Consider the forces shown in the figure.
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Part (b) If you hang a car of mass /500 kg from a steel beam, you observe that the beam bends 0.02°. What is the tension in this beam, in newtons?
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Part (a) Find the magnitude of the force F; shown in the figure in Newtons.

The forces 1 and 2 make up a right triangle with the total force as the hypotenuse. The first force is related to the hypotenuse by the expression

adjacent  F,
hypotenuse ~ For

cos (0) =
where the forces are depicted in the diagram in N and 0 is the angle between F; and Fy, in rad. Solving for the first force,
F1 = Fiorcos (0)

Plugging in numbers and converting units as needed,

F1 =20N - cos (35°)

F1 =16383N

Part (b) Find the magnitude of the force F, shown in the figure in Newtons.

The forces 1 and 2 make up a right triangle with the total force as the hypotenuse. The second force is related to the hypotenuse by the expression

. opposite 1
sin(@) = —— = —
hypotenuse Fior
where the forces are depicted in the diagram in N and 0 is the angle between F; and Fy,; in rad. Solving for the second force,
Fy = Fiosin (0)

Plugging in numbers and converting units as needed,

F, =20 N - sin (35°)

F>=11471 N

Problem 175 - 5.3.26 :

A toy car is rolling down the ramp as shown in the figure. The car's mass is m = 1.1 kg and the ramp makes an angle of 6 = 11 .
degrees with respect to the horizontal. Assume the car is rolling without friction. )

Part (a) Using the coordinate system specified, give an expression for the acceleration of the car in terms of 0, g, and the unit vectors i and j.

Let's begin by drawing a free-body diagram for the forces.
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As we can see, the gravitational force acts along the y-axis in the negative direction while the normal force acts in both the positive y and positive x-directions. Ti
find a formula for the normal force in terms of the force of gravity. Since the force we have labled Fyy acts into the the ramp, the normal force must be equal to i
opposite in direction. Using trigonometry, we can get the following value for Fyy and, by extension, the normal force.

Fov = Fy = Fgcos (6)

Fy = mgcos (0)
Now that we have a value for the normal force, we can once again use trigonometry to find its components in the x and y-directions and the sum the total forces i

F = Fysin(0)i + [Fycos (0) — Fy| j

F = mgcos (0) sin (0)1 + (mgcos (0) cos (0) — Fy) j
F = mgcos (0) sin (0)i + (mgcos (0) — mg) ]

F = mgcos (0) sin (0)i + (mg (cos” ()= 1)) ]

F = mgcos 0) sin (0)i — (mg (1 = cos” 9))) j

F = mgcos (0) sin(0)1 — mgsin2 (DX
Now that we have an equation for the force, we can apply Newton's Second Law and note that:

F =ma

F
=g
m

Now, let's apply this and divide our value for force through by the mass of the toy car.

F _ mgcos(0)sin(0)i — mgsin® (0) j

m m

a = geos (0) sin (0)i — gsin® ()
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Part (b) What is the magnitude of this acceleration in m/s2?

‘We found an equation for the force in terms of its components in part (a). Here, all we need to do is take the magnitude.

la| = \/ (gcos (0) sin (O)F + (—gsin® (0))°

la| = \/gzcos2 ©) sin? ) + gzsin4 ()

lal = gsin (0) 1/ cos® () + sin® (0)

la| = gsin (6) /(1)

la| = gsin (0)

la] = 9.81 m/s? - sin(11°)

la| = 1.872 m/s?

Problem 176 - 5.3.25 :

Two muscles in the back of the leg pull upward on the Achilles tendon, as shown in the figure. (These muscles are called the medial F,(200 N)
and lateral heads of the gastrocnemius muscle.) ‘

Part (a) Find the magnitude of the total force on the Achilles tendon in Newtons.

From the diagram, the force applied on the tendon is the sum of the vertical components of the forces applied by the muscles. The forces are related to the hypote

dj t
cos(6) = adjacen
hypotenuse
)
T
0) = —
cos (0) 7
T
0) =—
cos (0) 2

where the F; 2 are the forces the muscles apply and T > are corresponding components of the force applied to the tendon in N and @ is the angle between the for
going straight up in rad. The total force applied is therefore

F =T+ T, =Fcos(0) + Fxcos (0)

Plugging in numbers and converting units as needed,
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F =200 N - cos (20°) + 200 N - cos (20°)

F =375822N

Problem 177 - 5.3.28 :

A particle of mass 0.55 kg is subject to a force that is always pointed towards the East but whose magnitude changes linearly with time 7. The magnitude of
the force is given as F = 2¢, and has units of newtons. Let the x-axis point towards the East.

Part (a) Determine the change in the velocity Av, in meters per second, of the particle between t =0 and = 7.7 sec.
A particle of mass 0.55kg is subject to a force that is always pointed towards the East. The force changes linearly with time according to the expression F () = 2
What is the change in velocity Av of the particle between t = 0 and # = 1.1 sec?
The force is changing as a function of time, thus the acceleration is also changing.
‘We can not use the conventional kinematic equations and must resort to calculus.
Begin with Newton's Second Law
F=ma

dv

Acceleration is the rate of change of velocity, so a = i

dv
F=m—
mdt

Bring the differential df to the other side of the equation and integrate.
Fdt=mdv

tr Vg
/ Fdt = / mdv
4y v

Before integration, substitute the expression F (f) = 2t

F is a function of time so it must be integrated.

Ir VE
/ 2tdt = / mdv
4 s

2\ o v
(37t =mt;

In this case, t; = 0.

2 -
()=

2
<§> (tr)* = m (vF —vi)

m(vp —vy) = (%) (tr)*

2
2m

) (tr)*

vF—v1=<

We are looking for change in velocity anyway. Ay = vg — vy

av=(5)

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 131 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

From the original expression for the force, you can demonstrate that the constant 2 actually has units of kg %

(2 (ks 7)) )

The units of kg will cancel. The units of s> will also cancel.

(2(£)) :

Av=(1.818)'(1.21)<%)

Av = 2,2<ﬂ)
S

Part (b) Determine the change in x-coordinate in meters of the particle Ax between ¢ = 0 and ¢ = /.1 if the initial velocity is /0.7 m/s, and pointed in the ¢
A particle of mass 0.55kg is subject to a force that is always pointed towards the East. The force changes linearly with time according to the expression F () = 2
What is the change in the x coordinate (Ax) of the particle between ¢ = 0 and t = 1.1 sec? The initial velocity is v; = 10.1+

Velocity in the x direction is the rate of change of the x coordinate.

dx

V=E

Bring the differential df to the other side of the equation and integrate.

v dt=dx

Iy Xp
/ v)dt = / dx
% Xy

You will need the equation for velocity as a function of time. The following equation was found in part a.

VE =V = <%> (tr)?

Take vy to the other side of the equation to get an expression for velocity as a function of time.

VF = (%) (tr)* + vy

V(1) = (%) O + v

Substitute this expression for velocity into the integral.

/trF ((%)(1)2 +w)dz= /XXF dx

2 xr
((@) O+ - r) I =

Note that r; = 0

() @0+ v1r) = () @ #3-0) = e =
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((6%) (tr)> +vr - tF) =Xxp — X
Xp — X[ = ((%) (tr)? +V1'tF)

se= ()0t rn0)

At this point, you can plug in numbers. Remember that the constant 2 has units.

(2(4))

(6 - (0.55kg))

(11s) + (M) -(L.1s)

N

Ax =

In the first term, kg and s° will cancel.

@Em)

_(_Qwm) X '
A= ((6~(0.55))>(1") +(10.1m) - (1.1)

Both terms now have units of meters. This is good because Ax should have units of meters.

Ax =0.8067Tm + 11.11m

Ax=11917m

Problem 178 - 5.3.29 :

A particle of mass 0.51 kg is subject to a force that is always pointed towards the North but whose magnitude changes quadratically with time. Let the y-
axis point towards the North. The magnitude of the force is given as g = 2,2, and has units of newtons

Part (a) Determine the change in the velocity Av, in meters per second, of the particle between r=0and t= 1.1 s.
A particle of mass 0.51kg is subject to a force that is always pointed towards the North.
The force changes quadratically with time according to the expression F (£) = 2>
What is the change in velocity Av of the particle between ¢ = 0 and r = 1.1 sec?
The force is changing as a function of time, thus the acceleration is also changing.
We can not use the conventional kinematic equations and must resort to calculus.
Begin with Newton's Second Law
F=ma
dv

Acceleration is the rate of change of velocity, so a = -

dv
F=m—
"t

Bring the differential df to the other side of the equation and integrate.

Fdt=mdv

te vE
/ Fdt = / mdv
7] vy

Before integration, substitute the expression F (£) = 2>

F is a function of time so it must be integrated.
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(%) (tr)* = m©r =)
m(vp —vy) = (%) (tr)’

(vr —v1) = (i) ()’

3m

We are looking for change in velocity anyway. Ay = vg — vy

av= ()’

From the original expression for the force, you can demonstrate that the constant 2 actually has units of kg - %

(2(kg-2t)) ,
v:< Gosikgy ) 1Y

The units of kg cancel. Units of s* will also cancel.
(2(£)) :
Av = <(3(0.51)) (1.1)

Av=(1.307)~(1.331)(%)

Av = 1.74(ﬁ)
N

Part (b) Determine the change in y-coordinate, in meters, of the particle Ay between # = 0 and 7 = 7.7 if the initial velocity = /0.7 m/s and directed North
the force.

A particle of mass 0.51kg is subject to a force that is always pointed towards the North.
The force changes quadratically with time according to the expression F (£) = 22

What is the change in the y coordinate (Ay) of the particle between # = 0 and t = 1.1 sec?
The initial velocity in the y direction is v; = 10.1 %

Velocity in the y direction is the rate of change of the y coordinate.

_ 9

T

Bring the differential dt to the other side of the equation and integrate.

vdt=dy
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73 Yr
/ v)dt = / dy
] Vi

3m

(vr —vp) = (i) ()’

vF = (%ﬂ) (tr)’ +vi

v = (0 ) 0+

Substitute this expression for velocity into the integral.

/tllf <<%)(r)3 +v1>dz= /}V dy

2 .
((—12m>(t)“ +vr - z) r=h

Note that f; = 0

YE =y = ((%) tr)* +vr - tp)

Ay = ((%) tr)* +vr - l‘1~‘>

Ay= ((%) (11" + (10.1 (m)) - (1~1))

Ay =0.4785m + 11.11m

Ay = 11.588m

Problem 179 - 5.3.31 :

is the acceleration due to gravity.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

You will need the equation for velocity as a function of time. The following equation was found in part a.

Take vy to the other side of the equation to get an expression for velocity as a function of time.

((%) 10 +vi 17 ) = ((ﬁ)“’f +u0) =ye -

At this point, you can plug in numbers. Remember that the constant 2 has units.

(2(kg- %)) . m
Ay= ((7(12(0.511@)) (11s) + (10.1 (?)) -(1.1s)

Both terms now have units of meters. This is good because Ay should have units of meters.

10/1/19, 6:57 PM

A particle of mass ) 57 kg begins at rest and is then subject to a force that changes with time as given by the following function: g = mgll-¢2-11 ], where ¢
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Part (a) Determine the change in the velocity Av of the particle between =0 and t = 7./ sec.

This problem involves the application of Newton's second law and the integration of a time-dependent acceleration and a time-dependent velocity to analyz
subject to a time-dependent force.

In this part, we are asked to find the change in the velocity of the particle within a specified time interval.

The solution involves two steps:

¢ using Newton's second law to determine the acceleration of the particle

e integrating the acceleration to find Av

Applying Newton's Second Law

Newton's second law tells us that if we have an unbalanced force on an object, the object will undergo an acceleration

F
a=—
m
In this case, the force is time-dependent,

F=F(@{) =mg [1 —e‘”]

where ¢ = 2.1.

As a result, our acceleration is also time-dependent,
a=a() =g[1 —e_”’]

Integrating a (¢) to find Av

To find the change in velocity in a given time interval, we must first integrate our function for acceleration,

f 1
sz/ a(t)dz‘:/ g[l —e‘”] dt
fy fy

We can factor out g and write this as the sum of two integrals to see it more clearly,

1 4
Av=g [/ dt —/ e_”dt]
To Iy

Integrating,

Av=g [(z‘l — 1) + %(e’”1 - e’C'O)]

and, because fo = 0, we can simplify the result

1
Av = ¢ Z(e=h — 1 ]
vegln+ (e -1)
Now, we can easily calculate Av!

Av = (9.81) [1.1 + %(eH”“'l> - 1)] m/s = 6.583 m/s

Av = 6.583 m/s

Part (b) Determine the change in x-coordinate of the particle Ax betweenr=0and r=1.1.
Now, we are asked to find the displacement of the particle during the same time interval, assuming it moves entirely along the x direction.

To determine the displacement, we must integrate velocity as a function of time,
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il
Ax = / v(r)dt
Ty

Let's return to our integration of the acceleration to find v () for a general 7.

' ' L j
v(t)—/oa(t)dt—/og[l—e Jar=g(1+ (- 1))

where, again, ¢ = 2.1.

Hence, we have

h
Ax=/ g(l+l(e_"t—l)>dt
. c

0

Simplifying the integration and noting that fp = 0

h 1 5 1 h
Ax=g [/ rdt + —/ e “dt — —/ dt]
0 ¢ Jo ¢ Jo

Integrating,

— 1 2 1 —cty I
Ax = I:Etl —C—z(é' 1)—?]
Voila!
— l 2 1 —2.1)(1.1) 1~l _
Ax = (9.81) [2(1.1) T (e 1) 31 m=28m

Ax=2.8m

As a side note: Notice that we didn't need the mass to solve this problem! This is good practice, as in most real scenarios we must determine which of the known
need.

Problem 180 - 5.3.32 :
A particle of mass m is subject to a force that is proportional to the speed and pointed opposite to the direction of velocity: F = -bv, where b is a constant

which takes only positive values. The direction of the velocity is along the positive x-axis.
Part (a) Write an expression for the velocity v at time 7 if the initial velocity has the magnitude v, at = 0 and points in the positive x-direction.

‘We start with Newton's second law,

dv
F = =m—.
ma = m-—

‘We substitute the given expression for the force,
F =—-bv,
and obtain the differential equation for the velocity function v = v (¢),

dv

mE = —bv.

Separate the variables v and 7 to obtain

d
Lo —ﬁdz.
v m

Integrate both sides
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b
In(v)y=—-—t+C.
m
Solve forv = v (7).
Vv ([) = 3(7%+C) = e(C)e(fg)‘
Now we apply the given initial condition on the velocity, v (0) = vp , and obtain
Vo = e(C)‘

The velocity function is thus

v(t) = vog(_%)

Part (b) Write an expression for the position x at time 7 if the initial position is x, at # = 0.

We take the velocity function we found in part (a) and express it in the form

% = vpel-2)-

Separate the variables x and 7 to obtain

bt
dx = voe(_F)dt.
Integrate both sides.

xmz—%?k%+c

Apply the given initial condition on the position, x (0) = xo , and obtain

my
m=—7§+a
_ mw
C=—>-+

The position as a function of time is thus

x (1) = %(] —e(’%)> + X0

Problem 181 - 5.3.34 :
A bullet is accelerated down the barrel of a gun by hot gases produced in the combustion of gun powder.

Part (a) What is the magnitude of the average force, in newtons, exerted on a 0.0275-kg bullet to accelerate it to a speed of 575 m/s in a time of /.75 ms'

The average force is related to the change in momentum and the change in time by the expression

Fave = M = (mAv) _ (m (Vf _Vi)) N
(A (A1) (lf _ li)

where m is the mass in kg, v¢; are the final and initial velocities in m/s, and tf; are the final and initial times in s. The bullet starts from rest and is accelerated to 1
time interval. Therefore,

Vi=0
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VP =v

(r—1) =1

Substituting in

Plugging in numbers and converting units as needed,

575 m/s

Fave = 0.0275 kg . (% S)

Fave =9035.714 N

Problem 182 - 5.3.35 :
Grains from a grain hopper fall at a rate of 8.7 kg/s vertically onto a freight car that is moving horizontally at a constant speed /.7 m/s on a straight track.

Part (a) What force, in newtons, is needed to keep the freight car moving at a constant velocity?
This problem involves the application of Newton's second law expressed as the time rate of change of momentum in one dimension.
Here, we're asked to determine the additional horizontal force needed to keep a freight car from slowing while its mass is increarcsing.
We can solve this problem most easily by expressing Newton's second law more generally, in terms of momentum,
&

F:E

Because we are considering only the motion of the car, which is along the horizontal, we can restrict our analysis to one dimension,

_ b

F=—
dt

where p = mv.

Let's evaluate F' by invoking the product rule,

dp d dm dv
== E(mv)—v—+m—

F dt dt

‘We know that our solution requires the change in velocity with time (i.e., the acceleration of the car) to be zero, so we have,

F=v—
de

Aha! We are given both the (constant) car velocity and the rate of change of the car's mass in the problem. With this information, we can calculate the additional

F= v‘il—’:’ = (1.1 m/s) (8.1 kg/s) = 891N

F=891N

Problem 183 - 5.3.36(sym) :
Full solution not currently available at this time.

An astronaut of mass m is riding in a rocket sled that is sliding along an inclined plane. The sled has a horizontal component of acceleration of a;, and a
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downward component of a,.

Part (a) Write an equation for the magnitude of the force on the rider by the sled. Use m for the mass of the astronaut, a;, for the horizontal acceleration,
acceleration, and g for acceleration due to gravity. (Hint: Remember that gravitational acceleration must be considered when writing your equation.)
F=m(ap’+(g-a,)?)0s

Problem 184 - 5.3.37 :
Full solution not currently available at this time.

Two ropes are attached to a tree, and forces of ﬁl =06i+3.1 jNand ﬁz =2.5i+ 5.1 jNare applied. The forces are coplaner (in the same plane).

Part (a) What is the resultant (net force) in Newtons of the two force vectors in the x-direction?
Y F, =fli+f2i
YF,=06+25

Y F,=31
Tolerance: + 0.093

Part (b) What is the resultant (net force) in Newtons of the two force vectors in the y-direction?
Y F, =fl_j+£2_j

Y F,=31+5.1
Y F, =82

Tolerance: + 0.246

Part (¢) Find the magnitude of the forces of the ropes acting on the tree in Newtons.
Y Fpee = (i + £2_i)% + (F1_j + £2_j)? A 0.5
Y Fpet = (0.6 +25)% + 3.1 +5.1)2 A4 0.5

Y Fpet = 8.766
Tolerance: + 0.26298

Part (d) Find the angle in degrees as measured clockwise from the positive x-axis at which the forces of the ropes act on the tree.
0 = atan((f1_j + £2_j)/(f1_i + £2_i)) * 180/n
6 = atan((3.1 + 5.1)/(0.6 + 2.5)) * 180/pi
0 =69.291

Tolerance: +2.07873

Problem 185 -5.3.39 :
Full solution not currently available at this time.

Two forces with magnitudes F; = 25 N and F, = 45 N act on an object. Their directions differ by 6 = 45 degrees. The resulting acceleration has a
magnitude of ;, = 7 7 m/s2.

Part (a) Write an expression for the object’s mass m in terms of the symbols given in the problem statement.
m=(1/a) ((Fy+F, cos(0) )22 + (F, sin(0) )A2)20.5

Part (b) What is the object’s mass, in kg?

m = sqrt((f1+f2*cos(th*0.0174533)) A2+(f2*sin(th*0.0174533))A2)/a

m = sqrt((25+45%cos(45%0.0174533))A 2+(45%sin(45%0.0174533))2)/10.1
m = 6448

Tolerance: + 0.19344

Problem 186 - 5.3.40 :
Full solution not currently available at this time.

A swimmer has just jumped off a diving board. The swimmer has a mass of m = 45 kg and jumps off a board that is 7 = 5.07 m above the water. Exactly T
= 2.5 seconds after entering the water, her downward motion is stopped.

Part (a) Write an expression for the magnitude of the average upward force F, exerted on her by the water in terms of the variables given in the probler
m/s?).
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Fy=mg+(m/T)(2gh)*0.5

Part (b) What is the magnitude of the average upward force Fy, (in N) exerted on her by the water?
Fy, = m*(9.8+sqrt(19.6*h)/T)
F,, = 45%(9.8+sqrt(19.6%5.01)/2.5)
Fy, =619.369
Tolerance: + 18.58107

Problem 187 - 5.342:
Full solution not currently available at this time.

A sailboat has a mass of 7500 kg and experiences two horizontal forces. One is due to the action of the water on the hull of the boat and is directed east and
has a magnitude of 7200 N. The other is due to the action of the wind on the sails and is directed northeast with a magnitude of 2200 N.

Part (a) What is the magnitude of the acceleration of the sailboat in m/s2?

a = (1/m)*sqrt((f1+£2%0.707107)A2+(£2%0.707106)*2)

a = (1/1500)*sqrt((1200+2200%0.707107) A 2+(2200%0.707106)"2)
a=211

Tolerance: + 0.0633

Part (b) What is the direction of the acceleration of the sailboat, expressed as an angle in degrees north of east?

0 = 57.296*atan((£2%0.707106)/(f1+£2*+0.707107))

0 = 57.296*atan((2200%0.707106)/(1200+2200%0.707107))
0 =29.446

Tolerance: + 0.88338

Problem 188 - 5.3.43 :
Full solution not currently available at this time.

The diagram shows the all of the forces acting on a body of mass m = 2.01 kg. The three forces have magnitudes F| = /0.1 N,
F,=20.1 N,and F3 =12 N, with directions as indicted in the diagram, where 6 = 25 degrees and the dashed line is parallel to y
the y axis.

Part (a) Write an expression for the x component of the acceleration in terms of the symbols in the problem statement.
ay = (sin(0)/m ) (Fp-F3)

Part (b) Write an expression for the y component of the acceleration in terms of the symbols in the problem statement.
ay= (F3 cos(0) + F, cos(0) - F; )/m

Part (c) What is the magnitude of the acceleration, in m/s??

a = (1/m)*sqrt(((f2-£3)*sin(th*0.0174533)) A 2+((f2+£3)*cos(th*0.0174533)-f1)A2)
a = (1/2.01)*sqrt(((20.1-12)*sin(25%0.0174533)) A2+((20.1+12)*co0s(25%0.0174533)-10.1)A2)
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a=9.601
Tolerance: + 0.28803

Part (d) What angle, in degrees, does the acceleration make with the x axis?

0 = 57.296*atan(((f2+£3)*cos(th*0.0174533)-f1)/((f2-£3)*sin(th*0.0174533)))

0 = 57.296*atan(((20.1+12)*co0s(25%0.0174533)-10.1)/((20.1-12)*sin(25%0.0174533)))
0=79.783

Tolerance: + 2.39349

Problem 189 - ¢54.1:
Full solution not currently available at this time.

Consider the quantities weight and mass.

Part (a) Which of the following statements is true?

An object has the same mass on the Moon and the Earth.

Problem 190 - ¢c54.2 :
Full solution not currently available at this time.

Select whether the following statements are true or false.

Part (a) Mass and weight are the same quantities with different units.

FALSE

Part (b) Weight is proportional to mass.
TRUE

Part (c) Both weight and mass can be considered vector quantities.

FALSE

Part (d) An object (not necessarily on Earth) can have zero weight, but non-zero mass.

TRUE

Problem 191 - ¢54.3 :
Full solution not currently available at this time.

A 51-kg astronaut takes off from the Earth, eventually reaching the limits of our solar system, far from the reaches of gravity.

Part (a) What is her mass, in kg, far so from Earth?
m=m
m=>51
Tolerance: + 1.53

Part (b) What is her weight, in N, so far from Earth?

w=0
Tolerance: =0

Problem 192 - ¢c544 :
Full solution not currently available at this time.

Take upward to be the positive y direction and horizontally to the right to be the positive x direction.

Part (a) Write an expression, as a vector in component form, for the weight of an object on Earth in terms of its mass m and the gravitational constant g

w=-mgj
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Problem 193 -54.1 :
A cardboard box rests on the floor of an elevator. The box has a mass m = 1.25 kg and the elevator has an upward acceleration of a.

Part (a) Select the correct Free Body Diagram for the system.

Let's consider the system. Since the elevator is accelerating upward, this means that the box on the floor must be accelerating upward as well. If the box is acceler

acting on it cannot be balanced. In this case, there will be two forces acting on the box; a force of gravity acting downwards and a normal force acting upwards. S

accelerating upwards, the magnitude of the normal force must be greater than the magnitude of the force of gravity. This means that the correct free-body diagran

force vector pointing up and a gravitational force vector pointing down as well as having the normal force vector drawn longer than the gravitational force vector
F

N

i),

Part (b) Write an expression for the sum of the forces acting on the box in the y-direction, XFy, given that up is the positive y-direction. Your answer sho
and g.

Looking at our free-body diagram, we see that the normal force is acting in the positive y-direction and the force of gravity is acting in the negative y-direction. T
direction is therefore given by the following equation:

SF, = Fy — F,

XFy = Fy —mg

Part (c) Write an expression for the normal force, F, that the block experiences in terms of the elevator's acceleration, the block's mass, and the acceler

Let's begin with the equation we found in part (b) and rewrite £F) using Newton's Second Law in order to find an equation for the normal force.

XFy = Fy —mg

ma = Fy —mg

ma+mg = Fy

Fyn=m(a+g)

Part (d) 1If the elevator's acceleration has a magnitude of g in the downward direction, what would the normal force, Fp; be in Newtons?

To find the answer, we can use the same equation that we found in part (c). Since the elevator is accelerating down with a magnitude of g, this means that a = —
equation.

Fyni=m(a+g)

Fyi=m(-g+g)
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Fy1 =m(0)

Fyi=0

Part (e) If the elevator's acceleration had a magnitude of g in the upward direction, what would the normal force Fy, be in Newtons?

As in part (d), we can use the equation we found in part (c) to solve this. In this case, the elevator will be moving up with an acceleration of g,soa = g foroure

Fyno =m(a+g)

Fnvy=m(g+g)

FN2 = 2mg

Fy» =2-125kg -9.81 m/s?

Fyn2 =24525N

Problem 194 -54.3 :
Ablock with mass ;,, = 2 kg is sitting on a horizontal surface and not moving. The free-fall acceleration is o = 9.81 m/s2. Please answer the following
questions.

Part (a) Write an expression for the magnitude of the force of gravity F ¢ on the block.

The force of gravity is given by the mass multiplied by the acceleration due to gravity.

Fy =mg

Part (b) Calculate the magnitude of the force of gravity F ¢ on the block in Newtons.

Here, we need to solve the equation that we found in part (a).

Fy =mg

Fy=2kg -9.81 m/s?

F,=19.62N

Part (c¢) In what direction is the force of gravity in this problem?

Since the force of gravity will pull the block towards the center of the Earth, the direction of gravity is

Downwards.

Part (d) What is the magnitude of the normal force Fp in Newtons?
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Since the block is at rest, there cannot be any net force on it. As the normal force is the only force pushing the block upwards, it must be equal in magnitude to th
the two cancel out. Therefore, we can say that the magnitude of the normal force has the same value as the magnitude of the gravitational force we found in part (

Fy =Fg =mg

Fy =2kg -9.81 m/s?

Fy =19.62N

Part (e) In what direction does the normal force act?

Since the normal force in this case is the contact force exerted by the floor to prevent the box from falling through it, the normal force must logically be acting

Problem 195 -544 :
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A block with mass m = 7 kg is sinking with constant acceleration
ar= 0.5 m/s* into the ground. The acceleration due to gravity is g = 9.81 m/s>. Y,
Please answer the following questions.
X

Randomized Variables a;

m=1kg
ar=0.5 w/s?

Part (a) Write an expression for the magnitude of the force of gravity on the block. Fg, in terms of the given quantities and variables available
in the palette.

Expression

Fg=

Select from the variables below to write your expression. Note that all variables may not be required.
o, B.mp.0.ar.d Fx. g h jkmP,t

Part (b) Calculate the magnitude of the force of gravity on the block, F in Newtons.

Numeric : A numeric value is expected and not an expression.
Fg=

Part (c) In what direction does the force of gravity act?
MultipleChoice

1) Downwards.

2) Force doesn’t have direction.
3) All of these choices.

4) None of these choices.

5) Sideways.

6) Upwards.

Part (d) Write an expression for the magnitude of the total force of the system in the y-direction, F7, in terms of the forces of the system.

Expression
FT =

Select from the variables below to write your expression. Note that all variables may not be required.
o B.mp. 6, ar,d Fg Fx.g h.jm Pt

Part (e) Write an expression for the magnitude of the normal force Fy, in terms of m, az, and g.
Expression
F, N—

Select from the variables below to write your expression. Note that all variables may not be required.
o, B.m.p.0.ar. d Fx. g h jkmPt

Part (f) What is the magnitude of the normal force in N?
Numeric : A numeric value is expected and not an expression.
F, N—

Part (g) In what direction is the normal force?
MultipleChoice

1) Upwards.

2) Force does not have direction.
3) All of these choices.

4) None of these choices.

5) Sideways.

6) Downwards.
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Problem 196 - 54.5 :
A farmer is using a rope and pulley to lift a bucket of water from the bottom of a well. The farmer uses a force F; =45 N to pull the

bucket of water upwards at a constant speed. The bucket, when empty, has a mass of m;, = 0.9 kg.

Part (a) Identify the correct Free Body Diagram for this situation. F, aw is the weight of the water and F, gb is the weight of the empty bucket. (Note that th

necessarily drawn to scale.)

Let's consider the directions of all the forces acting upon the bucket. The weight of the water and the weight of the bucket itself will both act downwards towards
the farmer exerts, meanwhile, will act to pull the bucket upwards. The correct free-body diagram will therefore have F'1 pointed upwards and the forces Fj,, and
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Iy
o

Part (b) Calculate the mass of the water in the bucket, m,, in kg.

Since the bucket moves upwards at a constant speed, there is no acceleration. This means that the forces must be balanced. This allows us to write the following ¢
forces in the y-direction and solve for the mass of the water:
0=F —Fg—Fg

Fow=Fi — Fy,

myg = Fy —mpg

Fy —mpg
my = ———
g
45N —09kg -9.81 m/s?
my, =
9.81 m/s?
m, = 3.687 kg

Part (c) Calculate the volume of the water in the bucket, V,, in cm>. Assume the density of the water, g,,,, is 1.00 g/cm?.

‘We can use the relation between mass, volume, and density to solve for the volume of the water in the bucket. As we do so, we will want to convert our answer f1
the water from kilograms to grams in order to make sure our units are correct.
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"
P=y
Vp=m
v="

p

45N - (09-10%) g -9.81 m/s?
- 9.81 m/s? - 1.00 g/cm

V = 3687.156 cm

Problem 197 - 5.4.6 :
The rocket sled shown in the figure accelerates in the positive direction at a rate of 45 m/s2. Its passenger has a mass of 77/ kg.

Randomized Variables

a=45 m/s? 1 A
m=71Ikg ]

Part (a) Calculate the horizontal component of the force the seat exerts against his body in N.

In general, the net external force on one object is expressed by
n
F net = Zmai N
i=1

where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s? and n is the total number of accelerations. In this case,
n=1
Fuer = ma

Plugging in numbers and converting units as needed,

Fpet = Fjy = 71 kg - 45 m/s?

Fp=3195N

Part (b) What is the ratio of horizontal force to the force of gravity? Give your answer in terms of times greater than weight.
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In general, the weight on one object is expressed by
W =mgN

where m is the mass of the object in kg and g is the acceleration from gravity. From part a,
Fn =ma

Taking the ratio

F_ma_a
W mg g

Plugging in numbers and converting units as needed,

Fy 45 m/s
w o 9.81 m/s?
Fn _ 4500

w

Part (¢) Calculate angle of net force the seat exerts against his body. Give your answer in degrees from horizontal.

There are two forces acting on the passenger: the force from the rocket and the force from gravity. They each make up the sides of a right triangle with gravity alc
rocket along the horizontal. These forces are related to the angle the resultant force is with respect to the horizontal by the expression

F, mg g
tan(n9)=F—f=%=E
4

where g and a have been defined previously. Therefore,
0 = arctan <£>
a

Plugging in numbers and converting units as needed,

< 9.81 m/s2>
0 = arctan | ———
45 m/s?

60 = 12.298 deg

Problem 198 - 54.7 :

The rocket sled shown in the figure decelerates at a rate of 7150 m/s? . Its passenger has a mass of 77 kg. Use a coordinate system in

which the sled is moving in the positive direction, and assume the contact forces with the seat are the only forces acting on the
passenger.

Randomized Variables

a=150m/s?
m=71kg

Part (a) Calculate the horizontal component of the force that the seat exerts against his body, in newtons.

In general, the net external force on one object is expressed by
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n
Frer = Zmai N
i=1
where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s> and n is the total number of accelerations. In this case,
n=1

Fnet =ma

Plugging in numbers and converting units as needed (note the acceleration points in the negative direction),

Fnet:Fh:71kg'—150H]/82

F, = -10650 N

Part (b) What is the ratio of the magnitude of the horizontal force to the magnitude of the force of gravity?

In general, the weight on one object is expressed by

W =mgN

where m is the mass of the object in kg and g is the acceleration from gravity. From part a, the magnitude of the horizontal force is

|Fr| = ma
Taking the ratio
1Bl _ ma _a
W omg g

Plugging in numbers and converting units as needed,

Fu _ 150 m/s’
W 9.81 m/s?
Fi _ 15306

w

Part (c¢) Find the angle of the total force that the seat exerts against his body. Give your answer in degrees from the negative horizontal direction, with pc

There are two forces acting on the passenger: the force from the rocket and the force from gravity. They each make up the sides of a right triangle with gravity alc
rocket along the horizontal. These forces are related to the angle the resultant force is with respect to the horizontal by the expression

F mg g
an(©) = 5= o=
a4

where g and a have been defined previously. Therefore,

6 = arctan (5)

Plugging in numbers and converting units as needed,

< 9.81 m/s’ )
0 = arctan | ———
150 m/s?

60 = 3.742 deg
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Problem 199 - 54.8 :

The weight of an astronaut plus his space suit on the Moon is only 225 N.

Randomized Variables

W=225N

In general, the weight on one object is expressed by
W =mgN

where m is the mass of the object in kg and g is the acceleration from gravity. Therefore, on the moon
Wi = mgnm

where g, is the gravity on the moon. The mass is

Wi
8m

m=

of which he would weigh on earth

W,
We = mg, = —mge
8m

where g, is the acceleration of gravity on earth. Plugging in numbers and converting units as needed,

225N
W, = Weanh = ———— - 9.81 m/s?
T R 6T mis

Wearn = 1320.359 N

Part (b) What is the mass of the astronaut and his space suit on the Moon, in kilograms?

In general, the weight on one object is expressed by
W =mgN

where m is the mass of the object in kg and g is the acceleration from gravity. Therefore, on the moon
Wi = mgnm

where g, is the gravity on the moon. The mass is

Wi
8m

m=

Plugging in numbers and converting units as needed,

225N

m = MMoon = ———— 5
1.67 m/s?

Mpoon = 134.731 kg

Part (c) What is the mass of the astronaut and his spacesuit on the Earth, in kilograms?

In general, the weight on one object is expressed by
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W =mgN

where m is the mass of the object in kg and g is the acceleration from gravity. Therefore, on the earth
W, = mg,
where g, is the gravity on the earth. The mass is

we
8e

m=
Plugging in numbers and converting units as needed,

225N 9.81 m/s?
m = MEarth = 5" B
1.67 m/s* 9.81 m/s

Mea = 134.731 kg

Problem 200 - 549 :

Suppose the mass of a fully loaded module in which astronauts take off from the Moon is 7500 kg. The thrust of its engines is 27500 N.
Randomized Variables

m=7500kg
f=27500N

Part (a) Calculate the magnitude of its acceleration in a vertical takeoff from the Moon in meters per square second, assuming the acceleration due to gr
2
m/s”.

In general, the net external force on one object is expressed by

n
Frer = Zmai N
i=1

where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s> and n is the total number of accelerations. In this case,
n=2
Fne[=manel=Fr_Fm =Fr_mgm

where F, is the force of the rocket in N, m is the mass in kg, and g,, is the acceleration of gravity on the moon in m/! 2, Therefore,

_ I
Apet = — _gm

Plugging in numbers and converting units as needed,

__ 27500N 5
Aper = a = 7500 kg 1.67 m/s
a = 1.997 m/s?

Problem 201 - 5.4.9 (alt) :
Full solution not currently available at this time.

Suppose the mass of a fully loaded module in which astronauts take off from the Moon is s = 1.01 x 10* kg. The thrust of the engines is Fr=3.01% 104
N. The acceleration due to gravity on the Moon is g

=1.62 ™ and the acceleration due to gravity on Earth is
Moon 8

=981 "
Earth iy
52 A 2
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Part (a) Considering the weight w of the spacecraft system, as well as the variables mentioned in the problem statement, what is the force balance the shi
launch? Treat up as the positive direction for your equation.

Fret=Fp-w

Part (b) Calculate the module's magnitude of acceleration in
ﬁz during a vertical takeoff from the Moon.
K

a=FT/m - 1.62
a=3.01/1.01-1.62
a=136

Tolerance: + 0.0408

Part (¢) Calculate the module's magnitude of acceleration in
m

- during a vertical takeoff if the spacecraft were on Earth.
s

a=981-FT/m
a=9.81-3.01/1.01
a=6.83

Tolerance: + 0.2049

Part (d) True or False. The rocket has enough thrust, Fr, to take off from the Earth.

FALSE

Problem 202 - 5.4.10 (alt) :
What force does a trampoline have to apply to a 45.0-kg gymnast to accelerate her

straight up at 7.50 m/s>? Note that the answer is independent of the velocity of the
gymnast—she can be moving either up or down, or be stationary.

Solution net F=+F, —mg=ma= F, =m(a+g)=(45.0kg)(7.50 m/s* +9.80m/s’) = 779 N

Problem 203 - 54.10 :
A gymnast with a mass of 4/-kg jumps on a trampoline.

Part (a) What force does a trampoline have to apply to accelerate her straight up at 7.7 m/s in Newtons?

In general, the net external force on one object is expressed by

n
Frer = Zma,‘ N
i=1
where m is the mass of the object in kg, a; is the i-th acceleration experienced by the object in m/s? and n is the total number of accelerations. In this case,
n=2
Fnet:manet:Ft_Fe:Ft_mge

where F; is the force of the trampoline in N, m is the mass in kg, and g, is the acceleration of gravity on the earth in m/s?. Therefore,

Ft = maner + mge = m (Gner + ge)

Plugging in numbers and converting units as needed,

F=41kg- (7.1 m/s> +9.81 m/sz)

F, =6929N
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Solution

Solution

Problem 204 - 54.11 :

Unreasonable Results (a) What is the initial acceleration of a rocket that has a mass
of 1.50x10° kg at takeoff, the engines of which produce a thrust of 2.00 x 10° N ? Do
not neglect gravity. (b) What is unreasonable about the result? (This result has been
unintentionally achieved by several real rockets.) (c) Which premise is unreasonable,
or which premises are inconsistent? (You may find it useful to compare this problem to

the rocket problem earlier in this section.)

(a) net F =ma =T —-mg =

-mg 2. SN-(15 kg 9. )
_T-mg _200x10°N 1 0x10 kg )9.80 m/s )=_8‘47m‘_$_
m 1.50x10° kg

(b) There is not enough thrust to take off (a < 0).

(c) The thrust is not large enough for the given rocket mass to leave the ground.

Problem 205 - 54.12 :

A flea jumps by exerting a force of 1.20 x10~> N straight down on the ground. A
breeze blowing on the flea parallel to the ground exerts a force of 0.500x10~° N on
the flea. Find the direction and magnitude of the acceleration of the flea if its mass is

6.00x107 kg. Do not neglect the gravitational force.

netF, = N—w=N-mg =1.20x10~ N = (6.00x107 kg .80 m/s? )= 6.12x10° N
net F, = f =0.500x10° N

net F,
net F,

6 =tan™!

] =4.67°

net F = \f(net F.)? +(net FJ.)2

- [(o.sooxlo-6 NJ +(6.12x10° N)z}"2 — 6.14x107° N. so that

Problem 206 - 54.13 :

Consider the following table, which lists the four fundamental forces in our universe. It gives the quantum particles
which carry the force, the relative strength (relative to the strongest, the strong nuclear force), the range, and the
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direction the force acts in. Whenever we talk about the relative strengths of these forces, we are actually talking
about approximate strengths only, and usually for the current epoch of the universe. In the early universe, we
expect that (except for the gravitational force), the forces all had the same strength.

Part (a) What is the strength of the weak nuclear force relative to the strong nuclear force?

Fy -13
w1

Fy 0

Fy

¥ E-1
F; 3

Part (b) What is the strength of the weak nuclear force relative to the electromagnetic force?

Fy -13
=1
Fs 0
and
F em 2
=10
F
Taking the ratio
Fy
(7) _ Fo
()~ P
F,

Plugging in numbers and converting units as needed,

F, _ 107"
Fem 1072
Fy

¥ =1E-11
Fem

Problem 207 - 5.4.14 :

Consider the following table, which lists the four fundamental forces in our universe. Whenever we talk about the
relative strengths of these forces, we are actually talking about approximate strengths only, and usually for the

current epoch of the universe. In the early universe, we expect that (except for the gravitational force), the forces all
had the same strength. This problem will explore these relative strengths.
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Force Carrier Relative
Particle Strength
Gravitational Graviton 10
(hypothetical)
Electromagnetic Photon 10*
Weak Nuclear | W and Z Bosons 10"
Strong Nuclear Gluon 1

From the table, the Relative Strength column has the weak nuclear force relative to the strong nuclear force. Therefore,

From the table, the Relative Strength column has the weak nuclear force relative to the strong nuclear force and the electromagnetic force relative to the strong n
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Force Carrier Relative
Particle Strength
Gravitational Graviton 10
(hypothetical)
Electromagnetic Photon 10*
Weak Nuclear | W and Z Bosons 10"
Strong Nuclear Gluon 1

Part (a) What is the ratio of the strength of the gravitational force to that of the strong nuclear force?
From the table, the Relative Strength column has the gravitational force relative to the strong nuclear force. Therefore,

Fy

—10-38
F 0

F
£ =1E-38

Part (b) What is the ratio of the strength of the gravitational force to that of the weak nuclear force?

Fy -13
— =10
F,
and
Fy
£ =10
Fs
Taking the ratio
F}!
() _n
Fu\  F.
(#) "

Plugging in numbers and converting units as needed,

Fg 10—38
Fo 107"
Fg

- 1E-25

Part (¢) What is the ratio of the strength of the gravitational force to that of the electromagnetic force?

Fer

=102
Fy 0

and
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FB’
£ =10
F;

Taking the ratio

( Fon. ) Fem
Fy

Plugging in numbers and converting units as needed,

Fg 10—38
Fen ~ 1072
Fg

=1E-136
Fem

Part (d) What do your answers imply about the influence of the gravitational force on atomic nuclei?

The gravitational force is very weak in comparison to the other forces so doesn't affect atomic nuclei much.

Problem 208 - 54.15 :
Full solution not currently available at this time.

In building a house, carpenters use nails from a large box. The box is suspended from a spring twice during the day to measure the usage of nails. At the
beginning of the day, the spring stretches 40.7/ cm. At the end of the day, the spring stretches 20.7 cm.

Part (a) What fraction of the nails have been used?

Fraction of nails used = 1-dy/d;

Fraction of nails used = 1-20.1/40.1
Fraction of nails used = 0.4988
Tolerance: + 0.014964

Problem 209 - 54.16 :
Full solution not currently available at this time.

An airborne body of mass m = 1.1-kg is pushed straight upward by a vertical force F\, = 2.1 N.

Part (a) What is the force balance in the vertical direction? Let up be the positive direction and use the force mentioned in the problem statement and th
write your answer.

Fpet=Fy-w

Part (b) What is the magnitude of the net force exerted on the object in Newtons?

Fret = ((Fv - m * 9.81)A2)A0.5
Fet=(2.1-1.1*%981)A2)70.5
Fp et = 8.691

Tolerance: + 0.26073

Part (¢) What is the acceleration of the body in
m
—92
§2
a=(Fv-m*981)/m
a=(21-11%981)/1.1
a=-7901
Tolerance: + 0.23703
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Problem 210 - 54.17 :

Full solution not currently available at this time.

A car weighing w= 10001 N starts from rest and accelerates with acceleration ot k_m intime =

0 Vf= 70.1 > (=51 seconds. The force resisting its motion 1sf
=1001 N.

Part (a) What is the definition of weight in scalar form? Use g for the acceleration due to gravity.
w=mg

Part (b) What is the mass of the car in kg?

m=w/9.81
m =10001/9.81
m=1019.47

Tolerance: + 30.5841

Part (c) Finish the following equation for final velocity v using variables from the problem statement and remembering that the car begins at rest.
ve=a t

Part (d) What is the acceleration of the vehicle in
o
52

a = vf *1000/3600/t
a="70.1*1000/3600/5.1
a=3818

Tolerance: + 0.11454

Part (e) Let the car engine provide a force F in the positive direction. Write an equation for the net horizontal force based on F and the force variable f
Fyhet=F-f

Part (f) What is the force F applied by the engine in Newtons?

F = (w/9.81) * (vf * 1000/3600/t) + f

F = (10001/9.81) * (70.1 * 1000/3600/5.1) + 1001
F =4893.421

Tolerance: + 146.80263

Problem 211 -54.18 :
Full solution not currently available at this time.

Jennifer, a ,,, = 40 7 kg gymnast, jumps on a trampoline which provides force Fr and accelerates her straight up with acceleration , = 7 ﬂz .
s

Part (a) Write an expression for the net force Jennifer experiences using variables from the problem statement and w for her weight
Fuee=Fr-w

Part (b) What is the force, F, applied to Jennifer by the trampoline? Give your answer in Newtons.
Fr=m* (a+9.81)
Fp=40.1%*(7.01 +9.81)
Fr=674482
Tolerance: + 20.23446

Problem 212 -54.19 :
Full solution not currently available at this time.

Consider the baby being weighed in the top figure. The scale weighing the infant and the basket reads w = 50.7 N.
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Part (a) What is the mass m of the infant and basket in kg based on the scale reading?

m=w/9.81
m =50.1/9.81
m=5.107

Tolerance: + 0.15321

Part (b) What is the tension T in Newtons in the cord attaching the baby to the scale?

Tl =W
Tl = 50.1
T, =50.1

Tolerance: + 1.503

Part (c) Write an equation for tension T, in the cord attaching the scale to the ceiling. Consider the scale mass to be mgc.

T= Tl + Mgeqie &

Part (d) What is the tension T, in Newtons of the cord attaching the scale to the ceiling if the scale has a mass of mg, = 0.2 kg?

T =w + m_scale * 9.81
T»=50.1+0.2%981
T, =52.062

Tolerance: + 1.56186

Problem 213 - 54.20 :
Full solution not currently available at this time.

Suppose Kevin, an m = 55 kg gymnast climbs a rope.

Part (a) Write an equation for the tension in the rope 7 during Kevin's constant velocity climb.

T=mg

Part (b) What is the value of tension in the rope 7 in Newtons while Kevin climbs at constant speed?

T=m*981
T=55%981
T =539.55

Tolerance: + 16.1865
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Part (c) If Kevin has an acceleration a while climbing, write an equation for F, . in terms of tension T and weight w. For your equation, let up be the pos
Free=T-w

Part (d) What is the value of tension 7 in the rope in Newtons if Kevin accelerates with a = 71.01
m
Lo
T
T=m* (981 +a)
T=55%*(9.81+1.01)
T=595.1
Tolerance: + 17.853

Problem 214 - 54.21 :
Full solution not currently available at this time.
Crates A and B have equal mass. Crate A is at rest on an incline that makes and angle of @ = 20.1 degrees to horizontal, while crate

B is at rest on a horizontal surface.

Part (a) Write an expression for the ratio of the normal forces, A to B, in terms of 0.

N,/Ng = cos(0)

Part (b) What is the ratio of the normal forces, A to B?

N,/Ng = cos(th*0.0174533)
N, /Ng = c0s(20.1%0.0174533)
N, /Ng =0.9391

Tolerance: + 0.028173

Part (c¢) In which case is the normal force greater?

B

Problem 215 - 54.23 :
Full solution not currently available at this time.

Two identical springs, A and B, each with spring constant k = 20.1 N/m, support an object with a weight W= 710.1 N. Each spring
makes an angle of 6 = /8 degrees to vertical, as shown in the diagram.
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0
s

Part (a) Write an expression for the tension in spring A (which is equal to the tension in spring B) in terms of W and 6.

T =W/(2cos(0))

Part (b) By how much is spring A stretched, in meters?

x = w/(2*k*cos(th*0.0174533))

x =10.1/(2%20.1%*cos(18*0.0174533))
x=0.2642

Tolerance: + 0.007926

Problem 216 - ¢5.5.1 :
A car and a dump truck are involved in an accident and crash into each other.

Part (a) Assuming the only force acting is the force of collision, which one experiences the most force during the crash - the car or the dump truck?

Assuming the only force acting is the car-truck interaction, they experience the same force.

Problem 217 - ¢5.5.2:
A car and a dump truck are involved in an accident and crash into each other.

Part (a) Which one will have the greatest magnitude of acceleration during the crash? (Assume the dump truck has a mass that is 4 times larger than the
the problem are those between the two vehicles.)

Newton's Third Law tells us that the force exerted on both the car and the truck will be equal. Newton's Second Law, meanwhile, gives us the following equation
F =ma

This means that the mass of the vehicle times the acceleration it experiences gives the force. Since both vehicles experience the same force, and the truck has fou
car, the acceleration the truck experiences must be one-fourth as high as that of the car. Therefore, the car experiences a greater magnitude of acceleration during

Problem 218 - ¢5.5.3 :

Newton's third law can be summarized as "every action has an equal and opposite reaction". In this problem, consider the action of the entire Earth on a
person standing at rest on the ground and the opposite reaction, where ‘action’ and ‘reaction’ are understood to mean ‘force’ and ‘reaction force’

Part (a) What is the ‘“‘equal and opposite” reaction force to the gravitational force of the Earth acting on the person?
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To find the "equal and opposite" reaction force to any force, simply switch the roles of the object exerting the force and the object that the force is acting on. In th
and opposite" reaction force to the force of the Earth acting on the person is the force of the person acting on the Earth. So the correct choice is "The gravitationa
pulling on the Earth."

Yes, the person pulls the Earth with the same amount of force as the Earth pulls the person. However, according to Newton's second law, the Earth is affected by 1
than the person is, since its mass is so much greater than the person's.

Problem 219 - ¢5.54:
Full solution not currently available at this time.

A man has a weight of 735 N, and the ground pushes up on him with 735 N.

Part (a) What can be said about these two forces?

The forces have equal magnitude.

Problem 220 - ¢5.5.5:
Full solution not currently available at this time.
An astronaut on the Moon jumps upward.

Part (a) Which of the following is true during this action?

Both the Moon and the astronaut accelerate away from each other, but with accelerations of vastly different magnitudes.

Problem 221 - ¢5.5.6 :
Full solution not currently available at this time.

A force is specified in each part of this problem. Identify the force that is equal in magnitude, but opposite in direction to the specified force due to Newton’s
Third Law.

Part (a) The attractive force exerted on the Moon by the Earth (due to gravity)
The attractive force exerted on the Earth by the Moon

Part (b) The force a boy’s hand exerts on a baseball while he is throwing it to a teammate

The force the baseball exerts on the boy’s hand

Part (c) The force that a spinning boat propeller exerts on the water

The force that the water exerts on the boat’s spinning propeller

Part (d) The upward force exerted by the ground on a police officer standing on a street corner

The force with which the police officer pushes down on the ground

Problem 222 - ¢5.5.7 :
Full solution not currently available at this time.

You are holding a cup of coffee. Consider the following forces: (1) The weight of the cup of coffee, (2) the force that your hand exerts on the coffee cup,
and (3) the force the coffee cup exerts on your hand.

Part (a) Which two of these forces have equal magnitude, but opposite direction because of Newton’s Third Law?
2and 3

Part (b) Which two of these forces have equal magnitude, but opposite direction because of Newton’s Second (or First) Law?
1 and 2
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Problem 223 - ¢5.5.8:
Full solution not currently available at this time.

Consider the following forces that arise when a rifle is fired: (1) The exploding charge (gunpowder) pushes forward on the bullet, (2) the exploding charge
pushes backward on the rifle, (3) the bullet pushes backward on the exploding charge, and (4) the rifle pushes forward on the exploding charge.

Part (a) Which force is equal in magnitude, but opposite in direction to (2) because of Newton’s Third Law?
4

Part (b) Which force is equal in magnitude, but opposite in direction to (3) because of Newton’s Third Law?
1

Problem 224 -5.5.1 :

A teenager of mass m; = 51 kg pushes backward against the ground with his foot as he rides his skateboard. This exerts a horizontal force of magnitude
Ffoor=10.5 N. The skateboard has m; = 2.1 kg.

Randomized Variables

Froor=10.5N
my;=351kg
my=2.1kg

Part (a) Write an expression for the magnitude of the horizontal component of force that the ground exerts on the teenager's foot, F g,y nq-

Newton's Third Law tells us that the force exerted by the ground will be equal and opposite the force exerted on the ground. This means that the magnitudes of th
and the force exerted by the ground are equal.

Fgrmmd = anm

Part (b) Choose the correct free-body diagram for the system made up of teenager and his skateboard. Fy, is the normal force and F g is the weight of the
skateboard.

For this diagram, we want to include all the forces acting on the system consisting of the teenager and the skateboard. This means that the correct free-body diagr
normal force, the force of gravity, and the force that the ground exerts back on the skateboard. While we did talk about the force the teenager's foot exerts on the ;
force is acting on the ground rather than our system so we should not include it in our free-body diagram. The correct diagram is the only one that contains the th

FN

D m—

l::.;,round

)

Part (¢c) Write an expression in terms of given quantities for the magnitude of the skateboard's acceleration, a, while the teenager is pushing backwards «
Newton's Second Law gives us the following equation:

F =ma

Since we are looking only at forces in the horizontal direction, the only force we need to concern ourselves with is the force the ground exerts on the skateboarde

meanwhile, will be the sum of the masses of both the skateboarder and his board. As we found in part (a) that the force exerted by the ground will have the same
exerted by the teenager's foot, we can now plug in variables and solve for the acceleration.
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Ffoar = (ml + mZ)a

Ffaot

mp + my

Part (d) What is the numerical value for the magnitude of the acceleration, a, in m/s2?

Here, we simply need to plug numbers into the equation we found in part (c) and solve.

Ffout
= g
mp + my
_ 105N
9T Slkg +2.1kg
a=0.1977 m/s?

Problem 225 -5.5.2:

A construction worker hits a chunk of concrete with a sledgehammer. The sledgehammer delivers a force of 750 lbs and breaks the concrete.

Part (a) With what force does the concrete act back on the sledgehammer during the impact?

the same as the force it exerted.

Newton's Third Law tells us that when a force is a exerted, a force with opposite direction and equal magnitude is exerted back. This means that the force the slec

Problem 226 - 5.5.3 :

An aircraft carrier uses a device called a catapult to help accelerate jets to the speed needed for take off. The flight decks on these carriers have length d =
71 m. A jet with a mass of m = 10001 kg can be accelerated from rest to a speed of v = 4/ m/s by the end of the flight deck.

Randomized Variables

d=71m
m= 10001 kg
v=41 m/s

Part (a) Select the correct symbolic expression for the magnitude of the average net force, F;, acting on the jet during its launch.

Let's start with the equation given by Newton's Second Law.
Fr =ma

To employ this equation, we need an expression for the acceleration of the jet. To find it, we will have to use a kinematic equation. We know the distance the cata
final velocity of the jets, and the fact that the jets begin from rest. With this information, we can set up the following kinematic equation:

V2 =} +2ad

Since we start from rest, we can set the vo term equal to zero to remove it. From there, we can rewrite this equation into an expression for the acceleration.

v =2ad
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Fr

Now we can take this expression for the acceleration and plug it into Newton's Second Law in order to find a solution.

(1)

FL=

m?
2d

Fr

FL =

Part (b) Calculate the numerical value of the magnitude of the force F; in Newtons?

Here, we simply need to plug in values and solve the equation we found in part (a).

mv2

2d

10001 kg - (41 m/s )*

2-71m

I =

118392.12 N

Part (c) What is the numerical value of the ratio R of the launch force F to the jet's weight?

10/1/19, 6:57 PM

The ratio of the force to the weight will be given by the force divided by the weight. The weight is given by the mass multiplied by the force of gravity:

w=mg

Now, we use our results from part (a) to write an expression for this ratio.

_ (41 m/s )
2-71m -9.81 m/s?

r=1L
w
(%)
2d
R=
mg
Re
2dg
R = 1207

Problem 227 -5.54:

A 1020 kg artillery shell is fired from a battleship. While it is in the barrel of the gun, it experiences an acceleration of 2.7 x 10% m/s2.

Randomized Variables
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m=1020kg
a=2.1x10* m/s?

Part (a) What net force is exerted on the artillery shell before it leaves the barrel of the gun (in Newtons)?

‘We can use Newton's Second Law to find the relation between the net force on the shell and the mass and acceleration of the shell.

Frer = ma

Frer = 1020 kg - 2.1 - 10* m/s?

Frer = 21420000 N

Part (b) What is the magnitude of the force exerted on the ship by the artillery shell in Newtons?

Newton's Third Law tells us that the force exerted by the shell on the ship will have the same magnitude and opposite direction of the force exerted by the ship o1
of the force on the ship is therefore the same as the net force on the shell that we found in part (a).

|Fanip| = 21420000 N

Problem 228 - 5.5.5 :

A brave but inadequate rugby player is being pushed backward by an opposing player who is exerting a force of 720 N on him. The mass of the losing
player plus equipment is 82 kg, and he is accelerating at 7.2 m/s® backward.

Randomized Variables

f=720N
m;=82kg
my=102kg
a=1.2ms?

Part (a) What is the magnitude of the force of friction, in newtons, between the losing player's feet and the grass as he slides backwards?

Newton's Second Law tells us the following:

Fuer = ma

In this case, the net force will be given by the force exerted on the rugby player minus the force of friction. We can now set up an equation to solve for the force ¢

F—F, =ma
—Flzma—F
Fi=F —ma

Fi =720N —82kg - 1.2m/s?

F1 =6216N

Part (b) What is the magnitude of the force, in newtons, that the winning player exerts on the ground to move forward if his mass plus equipment is 702

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 167 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

player has the same acceleration as the first.

Let's begin this problem by thinking about Newton's Third Law. If the winning player is exerting 720 newtons of force on the losing player, then the losing playe
newtons of force back on the winning player. With this in mind, let's now use Newton's Second Law.

Frer = ma

In this case, the net force will be the force the winning player is exerting on the ground minus the force exerted on him by the losing player.

F, —F =ma
Fr=ma+F
=

F> =8424N

Problem 229 - 5.5.6 :

Two teams of nine members each engage in a tug of war. Each of the first team’s members has an average mass of 64 kg and exerts an average force of

1345 N horizontally, on the ground. Each of the second team’s members has an average mass of 77 kg and exerts an average force of /360 N horizontally,
on the ground.

Part (a) What is the magnitude of acceleration of the two teams in meters per square second?

To solve this problem, we will need to use Newton's Second Law.

Foer = ma

In this case, the net force will be the sum of all the forces exerted by members of the second team minus the sum of all the forces exerted by members of the first

be given by the average mass of team one multplied by the number of members plus the average mass of the second team multiplied by the number of members.
following equation:

O-F=-9-F))=0O-m+9-m)a
9(F = F1)=9(m +m)a

F, — Fy
my + my

_ 1360N — 1345N
~ Tedkg +71kg

a=0.1111 m/s?

Part (b) What is the tension in the rope between the teams, in newtons?

To solve for the tension in the rope, let's consider the forces acting on the first team. Each of the nine members are pulling backwards with a force of 1345 newto
pulled forward by the force of tension in the rope. The net force on the first team is therefore given by the force of tension minus the force exerted by the member
this information to apply Newton's Second Law to the first team and find the tension in the rope.

Fnet = ma

T—-9F =9m +a
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T=9F+9m +a
‘We can now plug in our results for acceleration from part (a).

F, — Fy
mp + my

T =9F1 +9m; -

1360N —1345N
T=9-1345N +9 .64k m

T =12169N

Problem 230 - 5.5.7 :
Consider a 65 kg high-jumper.

Part (a) Calculate the magnitude of the force, in newtons, the jumper must exert on the ground to produce an upward acceleration 4.00 times the acceler
Let's begin with a statement of Newton's Second Law.

Fnet =ma

Now, the net force acting on the jumper will be the force she exerts on the ground to move upward minus the force gravity exerts downward on her. The force tha
can also be found using Newton's Second Law; the force of gravity must be equal to the mass of the jumper times the acceleration due to gravity. With this inforn
equation to solve for the force of the jump.

F—mg=m(4.00-g)
F =4.00-mg+ mg
F =5.00-mg

F=500-65kg -9.8 m/s>

F =318N

Problem 231 -5.5.9:

Full solution not currently available at this time.

A history book is lying on top of a physics book on a desk, as displayed on the left; a free-body diagram is also shown on the

right. The history and physics textbooks weigh Fy, = 10.1 N and F}, = 10.1 N respectively. Hist

Part (a) Look at the free body diagram for the history history book. Consider the normal force of the physics book force vector,

F), acting upwards to the history book to be positive. Using knowledge of Newton's third law, what is
F,, equal to in terms of variables depicted in the diagram?
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th =-Fen

Part (b) If
F, is the normal force holding up the history textbook, what is its magnitude in Newtons?

th = F_h
th = 10.1

Tolerance: + 0.303

Part (c) What is the magnitude of the force exerted on the physics book by Earth's gravity

F,, in Newtons?
Fep =F_p
Fep=10.1

Tolerance: + 0.303

Part (d) What is the magnitude of the force that the history book acts down upon the physics book with,
Fj,? Give your answer in Newtons.

F; hp = F_h

th = 10.1

Tolerance: + 0.303

Part (e) What is the normal force with which the desk acts up on the physics book,
F dp » in Newtons?

Fgp=F_h+F_p

Fgqp=10.1+10.1

Fgp=20.2

Tolerance: + 0.606

Problem 232 - ¢5.6.1 :

A box rests on a horizontal surface. You apply a force on the box of F =100 N at an angle, 6, below the horizontal and it slides at a
constant velocity.

Part (a) The friction force that acts on the box is:

In order for the box to move a constant velocity, there can be no acceleration. Since the net force is equal to acceleration times mass, this means that there is no n«
that there is no net force on the box, we can see that the force of force of friction must be equal in magnitude to the horizontal component of the force exerted on
trigonometry, we see that the formula for the force pushing the box in the horizontal direction is equal to:

cos (0) = %

Fcos(0) = Fy

Unless 8 = 0, then the horizontal component of the force is going to be less than the 100 newton force with which the box is pushed diagonally down. Since the
magnitude to the horizontal force on the box, the force of friction must also be less than 100 newtons. The answer is therefore:

less than 100 Newtons.

Problem 233 - ¢5.6.2:
A ball is launched directly upward and ultimately reaches a height of 40 ft on a day when the wind is gusting in different directions. From the time the ball
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is launched until it reaches a height of 20 ft off the ground the wind is blowing at constant 20 mph to the right. From that time to the time the ball has

reached the top and traveled back down to a height of 20 ft the wind is blowing at constant 20 mph to the left. As it travels from 20 ft high back to the
ground the wind again blows at a constant 20 mph to the right.

Part (a) Where will the ball land?

Let's find the time it takes to reach half its max height. From the kinematic equation

1
y= (Eat2+vot+yo> m

a is the acceleration in m/s2 , tis the time in s, v is the initial velocity in m/s, and yo is the initial displacement in m. The initial velocity can be determined from
2 _ 2
vj% — vy = 2ad(m/s)

where vy is the final velocity, a is the same as before, and d is the displacement in m. We know that at the max height (h), the ball stops. The only force acting on
negative direction (downwards) so

0>~ =2-(—g)h
Therefore,
w = (2gh)"
Also, the initial height is O m off the ground. Substituting in for the distance of half the height,

h_ g, 0.5
7= 2: + (2gh)"t+0

82 0s, _h _
2t + (2gh)™t 2_O

This is a quadratic equation with solutions

(—(2gh)°'5 +(2gh—4-(-%)- (—'-2’))0’5) (—(2gh’3 = (gh)**)

= (2-(-5) - = =(3) =1

h\"* os
t2=<—> (295 +1)
8
where t; is the time going up to the halfway point and t; is the time to go up and come back down to the halfway point. The total time it is being blown to the rig
trtor = 211
and the total time it is being blown to the left is
tiior =12 — 11

Taking the difference

tiot — trtot = th — 1] — 211

1 — 32‘1

(4)" (@5 +1)=3-(4)" (" -1)

= (2)" (27 +1-3-2743)
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(£)* (=223 +4)

0.5

1171573 - (%)

This quantity is greater than zero so it spent more time being blown left than right. It will land to the left.

Problem 234 - 5.6.2 :
A book with mass m = .25 kg rests on the surface of a table. The coefficient of static friction between the book and the table is u; =

0.61 and the coefficient of kinetic friction is = 0.21.

Part (a) Write an expression for F,, the minimum force required to produce movement of the book on the surface of the table.

Let's begin by examining a free-body diagram of the of the system.

Fn
A

The minimum force required to move the book will be just enough to overcome the force of static friction. The force of static friction will be given by the normal
coefficient of static friction. Since the vertical forces must be balanced, the normal force is equal to the weight of the book. Using all this information, we can wri

Fm:ﬂan

Fy = usmg

Part (b) Solve numerically for the magnitude of the force F,, in Newtons.

Here, we simply need to plug in values and solve the equation we created in part (a).
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Fm = Hsmg

Fn=061-125kg -9.8m/s?>

Fn =7473N

Part (c) Write an expression for a, the book's acceleration, after it begins moving. (Assume the minimum force, F,,, continues to be applied.)

The acceleration of the book can be found using Newton's Second Law:

Fnet = ma

In this case, the net force will be given by the force we found in part (a) minus the force of kinetic friction. The normal force will be equal in magnitude to the we

was in part (a), so the force of kinetic friction will be equal to the coefficient of kinetic friction multiplied by the weight of the book. Using this information, we ¢
the acceleration.

Fy — pimg = ma
Hsmg — Hkmg = ma
(s — ) mg = ma

(s —p)g =a

a= (s — ) g

Part (d) Solve numerically for the acceleration, a in m/s.

Here, we simply need to plug in variables to the equation we found in part (c) and solve it.

a=(us — ) g

a=(0.61 —021)-9.8 m/s>

a=392m/s?

Problem 235 - 5.6.3 :

A crate with a mass of m = 110 kg rests on the horizontal deck of a ship. The coefficient of static friction between the crate and the deck is u, = 0.71. The
coefficient of kinetic friction is yu; = 0.41.

Randomized Variables
m=110kg

ug=0.71

/’Lk = 0.41

Part (a) Write an expression for the minimum force, F,,, that must be applied to get the block moving from rest.

Let's begin by examining a free-body diagram of the of the system.
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Fn

Fr 4—— _’Fm

Fe

The minimum force required to move the block will be just enough to overcome the force of static friction. The force of static friction will be given by the norma
coefficient of static friction. Since the vertical forces must be balanced, the normal force is equal to the weight of the block. Using all this information, we can wr

Fm=/4an

Fy = psmg

Part (b) What is the magnitude of the force F,, in newtons?

Here, we simply need to plug in values and solve the equation we created in part (a).

Fy = usmg

Fn=071-110kg -9.81 m/s?

Fn =766.161 N

Part (c) Write an expression for the force F, that must be applied to keep the block moving at a constant velocity.

For the block to keep moving at a constant velocity, there must be no net force so there is no acceleration. This means that the force of kinetic friction must be eq

force pushing on the block. The force of kinetic friction is given by the normal force multiplied by the coefficient of kinetic friction. As in part (a), the normal for
the weight of the block. We can set up the following equation:

szﬂan

F, = uyumg

Part (d) What is the magnitude of the force F, in newtons?

To solve this problem we can plug values into the equation we found in part (c).

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 174 of 282



The Expert TA | Human-like Grading, Automated!

10/1/19, 6:57 PM

F, = uumg

F,=041-110kg -9.81 m/s?

F, =442.431

Problem 236 - 5.6.4 :

A woman holds a book by placing it between her hands such that she presses at right angles to the front and back covers. The book
has a mass of m = 0.6 kg and the coefficient of static friction between her hand and the book is ;= 0.51.

Randomized Variables

m=0.6kg
us=0.51

Part (a) What is the weight of the book, F, gb in Newtons?
The weight of the book will be equal to the mass of the book multiplied by the acceleration due to gravity.

Fgp = mg

Fop = 0.6kg - 9.8 m/s?

Fg» = 588N

Part (b) What is the minimum force she must apply with each of her hands, F,,;, in Newtons, to keep the book from falling?

Let's start with a free-body diagram of the book.
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g

In order for the book to remain in position, the maximum force of static friction must have at least the same magnitude as the weight of the book. The total force -
given by the coefficient of static friction multiplied by the total normal force. Assuming that the woman is exerting the minimum force possible on the book, the 1
equal to the minimum possible force. We can use this information to set up the following equation:

Fuinpts + Fninpts = ng

2Fminﬂs = mg
B
me - 2/,4S
5 06kg -98m/s’
21051
Fpin = 5.765N

Problem 237 - 5.6.1 :
A horizontal force, F; = 55 N, and a force, F, = 10.1 N acting at an angle of 6 to the horizontal, are applied to a block of mass m =
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2.1 kg. The coefficient of kinetic friction between the block and the surface is #; = 0.2. The block is moving to the right.

Randomized Variables ),
F] = 55 N X
Fy=10.IN
m=2.1kg
FI
—

T
Part (a) Solve numerically for the magnitude of the normal force, F in Newtons, that acts on the block if 6 = 30°.

Looking at the diagram we are provided with, we see that the force on the block downward will be equal to the force exerted on it by gravity plus the the downwz
Since the block is not moving up or down, the normal force must be equal in magnitude and opposite in direction to the downward forces. We can thus set up the

Fy = mg + Fasin (0)

Fy =2.1kg -9.81 m/s?+10.1N - sin (30°)

Fy =25.651 N

Part (b) Solve numerically for the magnitude of acceleration of the block, a in m/s2, if 6 = 30°.

Looking at the forces on the block, we see that F'; pushes the block right and the horizontal component of F> pushes the block left. Since the block is moving to |
account for the frictional force that will resist the motion and exert force to the left on the block. We know F7 , can find the horizontal component of />, and can |
friction by multiplying the normal force we found in part (a) by ux. We can use this information together with Newton's Second Law to make an equation for the

Fnet = ma
Fi — Facos (0) — ukFy = ma
Fi — Facos (0) — px [mg + Fasin (0)] = ma

F1 — Facos (0) — ui [mg + Fasin (0)] —
m

55N —10.IN - cos(30°) —0.2- [2.1kg -9.81 m/s* + 10.1 N - 5in (30°)]
a =
2.1kg

a=19.582 m/s?

Problem 238 - 5.6.5 (iFbd) :
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A block with a mass of 7 = 7 kg rests on a wooden plank. The
coefficient of static friction between the block and the plank is s, = 0.6. One end

of the board is attached to a hinge so that the other end can be lifted forming an v
angle, 6, with respect to the ground. Assume the x-axis is along the plank as x
shown in the figure.

Randomized Variables

Us=0.6
m=1kg 0

Part (a) Please select the correct free body diagram given Fy is the force due to gravity, Fy is the static friction force and Fyy is the normal

force. Assume the block is at rest.
SchematicChoice

Part (b) Assuming the x-direction is along the plank as shown, find an expression for the magnitude of the force of gravity in the y-direction,
Fgy. perpendicular to the plank in terms of given quantities and variables available in the palette.
Expression

Foy=

Select from the variables below to write your expression. Note that all variables may not be required.
acotan(g), atan(py). cos(a), cos(@). cos(0). sin(a), sin(g). sin(0), tan(0). a. p, py. pug. 6. b. d.g. h, m. t

Part (¢) Write an expression for the magnitude of the maximum friction force along the surface, F;, in terms of given quantities and variables
available in the palette.

Expression

Fs=

Select from the variables below to write your expression. Note that all variables may not be required.
acotan(py). atan(pg). cos(a), cos(¢), cos(0). sin(a), sin(¢). sin(0), a. py. pg. b, g. m, t

Part (d) Assuming the static friction is maximized, write an expression, using only the given parameters and variables available in the palette,
for the sum of the forces along the plank, XF,.

Expression

XF,=

Select from the variables below to write your expression. Note that all variables may not be required.
acotan(py), atan(ug). cos(a), cos(¢), cos(0). sin(a), sin(¢). sin(0), a. py. pg. b, g. m, t

Part (e) Write an expression for the maximum angle, 8,,, that the board can make with respect to the horizontal before the block starts
moving. (Write in terms of the given parameters and variables available in the palette.)

Expression

0=

Select from the variables below to write your expression. Note that all variables may not be required.
acotan(py). atan(p,). cos(a), cos(¢), cos(0). sin(a), sin(@), sin(0). tan(0), a. py. ps. 6. b, t

Part (f) Solve numerically for the maximum angle, 8,,. in degrees.
Numeric : A numeric value is expected and not an expression.
Hm =
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Problem 239 - 5.6.5 :

A block with a mass of m = 1 kg rests on a wooden plank. The coefficient of static friction between the block and the plank is u, =
0.42. One end of the board is attached to a hinge so that the other end can be lifted forming an angle, 6, with respect to the ground.
Assume the x-axis is along the plank as shown in the figure.

Part (a) Please select the correct free body diagram given F is the force due to gravity, F is the static friction force and Fy is the normal force. Assume

is in the example picture. This means that the correct answer is:

The block should experience a frictional force in the x-direction to resist it sliding down the plank. It should also experience a normal force tangential to the planl
Finally, the block will also experience a gravitational force pulling it straight down. The correct free-body diagram must contain all these forces as well as placing

ﬁN
\ P
_____ \ AT _
F
g

Part (b) Assuming the x-direction is along the plank as shown, find an expression for the component of the force of gravity in the y-direction, F gy Perper
terms of given quantities and variables available in the palette.
https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true
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Let's begin by examining a more detailed free-body diagram:

Here, we can see that the y-component of the force will be given by:

F,
cos (0) = F;gy
g

Fecos (0) = Fyy

Fgy = mgcos (0)

Part (c) Write an expression for the magnitude of the maximum friction force along the surface, F, in terms of given quantities and variables available i
To find the maximum frictional force, we must first find the normal force. We found the component of gravity pushing the block against the plank in part (b). Sinc

accelerating in the y-direction, this means that the normal force must be equal in magnitude and opposite in direction of the force we found in part (b). Now that 1
we can find the maximum value of static friction by multiplying the normal force by the coefficient of static friction.

Fs = FN,U.V

Fs = mgcos (0) s
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Part (d) Assuming the static friction is maximized, write an expression, using only the given parameters and variables available in the palette, for the sur
plank, XF,.

Let's take another look at the detailed free-body diagram we examined in part (b):

We can see that the force of static friction is acting in the positive x-direction and the x-component of the gravitational force is acting in the negative x-direction.
the following equation for the sum of forces in the x-direction:

ZE‘(:FS_ng

XFy = mgcos (0) us — mgsin (6)

Part (e) Write an expression for the maximum angle, 0,,, that the board can make with respect to the horizontal before the block starts moving. (Write i
parameters and variables available in the palette.)

The block will begin moving if the x-component of the gravitational force exceeds the force of static friction. The angle just before they start moving can therefo
sum of forces in the x-direction equal to zero and solving for the angle. We can begin with the equation we found in part (d) using 6,, in place of 6.

XFy = mgcos (Om) ps — mgsin (On)
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0 = mgcos (On) us — mgsin (6,,)

mgsin () = mgcos (On) ps

sin (On)
cos(On)

tan (Om) = ps

On = arctan (us)

Part (f) Solve numerically for the maximum angle, 6,,, in degrees.

Here, we simply need to solve the equation we found in part (e).

On = arctan (us)

On = 22.794°

Problem 240 - 5.6.6 :
Ablock of mass m = 10.5 kg rests on an inclined plane with a coefficient of static friction of u, = 0.06 between the block and the
plane. The inclined plane is L = 6./ m long and it has a height of 7 = 3.05 m at its tallest point.

Part (a) What angle, 0 in degrees, does the plane make with respect to the horizontal?

Looking at the diagram, we see that for the triangle formed by the inclined plane, & gives the side opposite @ and L gives the hypotenuse. We can use this inform
function to determine the value of the angle .

sin (0) = %

e
0= arcsm(z>

0 = arcsin ( 3.05m )
- 6.1 m
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Part (b) What is the magnitude of the normal force, F in newtons, that acts on the block?

To begin, let's draw a free-body diagram of the system formed by the block and inclined plane.

Looking at this image, we see the only forces acting on the block perpendicular to the inclined plane are Fy, and Fy . Since the block will not experience any acc
these forces must be balanced. We can therefore set up the following equation to find the normal force:

Fy = ng

Fn = Fycos ()

Fy = mgcos (0)

We can now use our results for @ from part (a) to continue.

h
Fyn = mgcos (arcsin (z ))

Fy =105kg -9.81 m/s 2 - cos (arcsin < 305m ))
6.1 m
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Fy =89.205N

Part (¢c) What is the component of the force of gravity along the plane, F,, in newtons?

Let's begin by looking at a free-body diagram:

We see that the force of gravity in the horizontal direction can be given by the following formula:

Fox = Fysin (6)

Fox = mgsin (0)

Now we can plug in our results from part (a) in for 6.
. . (h
Fgx = mgsin (arcsm (— ))
L
h
Fox =mg L

Foo = 105kg -9.81 m/s2. >0 M

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 184 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Fe = 51503 N

Part (d) Write an expression, in terms of 0, the mass m, the coefficient of static friction ug, and the gravitational constant g, for the magnitude of the forc
just before the block begins to slide.

Just before the block begins to slide, the static friction will be acting with the maximum possible force. The maximum force of static friction is given by the coefl
multiplied by the normal force. In part (b), we found an equation for the normal force which we can use to find the magnitude of the force of static friction. Howe
h or L in the list of variables we can use, we will need to use @ for our angle rather than the value of 6 that we found in part (a).

Fs = FN,U.V

Fs = mgcos (0) s

Part (e) Will the block slide?

To determine whether or not the block will slide, we must compare the force of gravity in the x-direction to the maximum force of static friction. If the x-compon
force is greater than the maximum force of static friction, then the block will accelerate down the ramp. Otherwise, it will stay still. To find this, we can solve the
(d) and compare the result to our answer from part (c).

Fs = mgcos (9) Hs

h
Fs = mgcos (arcsin (z>>y;

F, = 105kg - 9.81 m/s? - cos (arcsin ( 36'015]:‘ )) -0.06

Fy =5352N
Now, let's look at the value we found for Fyy in part (c):
Fgr =51.503 N
As we can see, the value of the force of gravity in the x-direction is greater than the maximum force of static friction, meaning that the block will indeed begin to

therefore:

Yes

Problem 241 - 5.6.6 (alt) :
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A block of mass m = 12 kg rests on an inclined plane with a
coefficient of static friction of u; = 0.08 between the block and the plane. The
inclined plane is L = /.4 m long and it has a height of /7= 3.2 m at its tallest

b
point. /I 4
,” r

Randomized Variables L -
m=12kg ? \'
s =10.08 J
L=44m h /
h=32m + /'

Part (a) What angle, 6 in degrees, does the plane make with respect to the horizontal?
Numeric : A numeric value is expected and not an expression.
0 ES

Part (b) What is the magnitude of the normal force, Fy in newtons, that acts on the block?

Numeric : A numeric value is expected and not an expression.
F, N—

Part (c) What is the force of gravity along the plane, Fy, in newtons?

Numeric : A numeric value is expected and not an expression.

F,.=
8X

Part (d) Write an expression in terms of 8 for the magnitude of the force due to static friction, Fj, just before the block begins to slide.

Expression :
F =

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(9), cos(0), sin(a), sin(¢). sin(0), a. B, ps. 6. d. g. h. m. t

Part (e) Will the block slide?
MultipleChoice :

1) There is not enough information.

2) No
3) Yes

M)hi%} ‘5m9f—l/i / o= ongn[—t), l@:’ ‘{0.7"'

Fu

Th<h ;gv-wgwse:o,{f; > DN

7

) B =mqun®, [5, 7 550 N

()) Zh = 5)( "F:O‘ Fs‘sfj:x’ _‘_/,\56/ t T la.)es# wlre /1 w@n Bk 8 1@
elv.‘n'fy 50 /Fs :M’szqsej ’

e = CHe Ny and H<h 5 _}L‘Z

Problem 242 - 5.6.7 iFBD) :
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A block is resting on a wooden plank. On one end of the plank is a
hinge so the other end my be lifted to create an angle, 6, with respect to the
horizontal. The plank has a coefficient of static friction of ;.

X

Part (a) Please select the correct Free Body Diagram, where Fy is the force due to gravity, Fyy is the normal force, and Fy is the static friction

force.
SchematicChoice :

-- —7& ————— T ‘ “““ =Ly P -——-=
F, E, F,
Part (b) The angle 6 is slowly increased. Write an expression for the angle at which the block begins to move in terms of y.
Expression :
0 3

Select from the variables below to write your expression. Note that all variables may not be required.
acos(g). acotan(py). asin(py), atan(py). cos(pg), cos(8), sin(py). sin(0), a, . 6. d, g. m, t

Part () If a student measures that the block begins to move at an angle of 6 = 42°, what is the numerical value of the coefficient of static
friction, sts?

Numeric : A numeric value is expected and not an expression.

Hs =

@) £ fu  b) Tak & cordmele stem alo:j e app. Ten

, Th=f-F=° 7 Feh, 2.

Zhy=f -f =f ngw @2, £, 2w @ 6

fgx ‘_./A’ﬁ — anfl\e i/ms”’j(cﬁe —2 ‘lﬁheé/”‘s . n. 7"""4-7 ouwe

at meNmMs S !@—fdﬂj"" 0“5) }

4_) /7‘5’-:}"19 }o/m

Problem 243 - 5.6.7 :
A block is resting on a wooden plank. There is a hinge on one end of the plank which allows the other end to be lifted to create an
angle, 0, with respect to the horizontal as shown in the figure. The coefficient of static friction between the block and the plank is u.
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Part (a) Please select the correct Free Body Diagram, where F, s is the force due to gravity, Fy is the normal force, and Fj is the static friction force.

Examining the forces on the block, it must experience a force of gravity straight down, a normal force perpendicular to the plank, and a force of friction parallel t
block sliding down. The correct free-body diagram will feature all of these along with the angle @ correctly placed between the plank and the force of friction.

s

Part (b) The angle 0 is slowly increased. Write an expression for the angle at which the block begins to move in terms of g.

To solve this problem, let's begin by drawing a more detailed free-body diagram.
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Note that in this free-body diagram, we have set our coordinate axis such that the x-direction is parallel to the plank and the y-direction is perpendicular to it. Sin¢
move along the y-axis, the forces in the y-direction must be balanced. This allows us to set up the following equation:

Fy = Fyy

Fn = mgcos (0)
Now that we have a value for the normal force, we can write an equation to solve for the maximum force of static friction.

Fx:FNﬂs

Fs = mgcos ©) Hs

Now, the block will begin to move when the angle increases past the point where the force of static friction is equal to the x-component of the gravitational force.
x-component of the gravitational force equal to the maximum force of static friction and solving for 6.

Foo = F;

mgsin (0) = mgcos (0) us
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sin(0)
cos (@) ~

tan (0) = ps

0 = arctan (us)

Part (c) If a student measures that the block begins to move at an angle of 6 = 20.5°, what is the numerical value of the coefficient of static friction, s ?

We can begin with our result from part (b) and rearrange it so that we can solve for the coefficient of static friction.
6 = arctan (us)
tan (0) = ps

us = tan (20.5°)

us = 0.3739
Problem 244 - 5.6.12 :
A block that has a mass of m = 3.5 kg rests on a horizontal plane. The coefficient of static friction, uj, is 0.15. A horizontal force, F,
is applied to the block, and it is just large enough to get the block to begin moving. Y,
L.,

A

Part (a) Choose the correct Free Body Diagram from the choices below given that Fyis the static friction force, Fy is the normal force and F is the weig

The forces acting on the block are the normal force (pointing up), the force of gravity (pointing down), the force of friction (pointing to the left), and the horizont

right). Only one diagram correctly depicts this.

Part (b) Write an expression for the sum of the forces in the x-direction using the variables from the above Free Body Diagram.

The forces acting in the horizontal direction are the ones in the x-direction. Therefore,

Y Fo=(F-F)N
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where F is the horizontal force (positive direction) and Fy is the frictional force (negative direction).

Y F=(F-F)N

Part (¢) Given the coordinate system specified in the problem statement, write an expression for the sum of the forces in the y-direction.

The forces acting in the vertical direction are the ones in the y-direction. Therefore,

ZFy:(FN_Fg)N

where Fy is the normal force (positive direction) and F, is the gravitational force (negative direction).

ZFy:(FN_Fg) N

Part (d) Write an expression to show the relationship between the maximum friction force, F, ' and the normal force, Fy.

Static friction force satisfies the relation
F fF<= ﬂSF N N
where Fy is the normal force in N and g is the static coefficient of friction. So at maximum

Fy = usFy N

Fr = uFy N

Part (e) Calculate the magnitude of F, in Newtons, if F, f is at its maximum.

From part b,
F—-F=0N
so
F=Fy

Substituting in for the frictional force from part d,

F =uFn N

and also from c,
Fy—-F;=0
)
Fn =F; =mg
where m is the mass in kg and g is the acceleration of gravity in m/s? . Substituting in and plugging in numbers (converting units as needed),

F = ugmg = 0.15 - 3.5 kg - 9.81 m/s?

F=515N
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Problem 245 - 5.6.13 :

A crate 1s placed on flatbed truck but is not tied down. The truck
accelerates in the positive x-direction (to the right, as shown) too fast and the

crate falls off the back of the truck. There is friction between the truck bed and
the crate.

Part (a) When the crate falls off. in what direction is it moving relative to the ground?
MultipleChoice :

1) To the right (positive x-direction).

2) To the left (negative x-direction).
3) It is not moving with respect to the ground.

Part (b) A friction force acts on the crate. Which of the following statements is true?
MultipleChoice :

1) The friction force is in the same direction as the motion of the crate relative to the ground.

2) The friction force is in the opposite direction of the motion of the crate relative to the ground. (Friction always opposes motion).
3) The friction force is perpendicular to the motion of the crate.

A T is only 1 b on 1 Clafe T X-dige hoa, tat of ficton. This is m e
posibive  x-dicecton, o he Crke woves i the posifive x-direchon,

Y A shid obon, fe fidan fre @k in f s disecton
v He ]MMJ.

as T cade nelafitpe

Problem 246 - 5.6.14 :

A golf ball is hit from ground level on a horizontal fairway with initial velocity vector v = vy,i + vg,j, where vg, = 11 m/s and vy, =

5.25 m/s. Throughout its trajectory, the golf ball encounters a strong wind which causes the ball to experience an acceleration in the ¥y
horizontal direction with a magnitude of ; 5 m/s2 as shown in the figure. Assume that any other air resistance is negligible. Use a

Cartesian coordinate system with the origin at the ball's initial position as shown in the figure.

Part (a) Calculate the maximum height, h,,,, in meters, that the ball achieves.
At maximum height, the velocity in the y-direction is zero. The only force acting in the y-direction is gravity. Therefore, from the kinematic equation
Vi =3 = 2aAx (m/s)’
where vy; are the final and initial velocities in m/s, a is the acceleration in m/s? ,and Ax is the change in distance in m,

0 =3y =2 (=8) - I

N

e = B

Plugging in numbers and converting units as needed,
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hoo (525 m/sy
(2 9.81 /)
Piar = 1.405 m

Part (b) How long, t,,,,; in seconds, is the ball in the air before it returns to the ground?

When the ball returns to the ground, it has the same velocity it had when it started (in the y-direction), but in the opposited direction. The only force acting in the
from the kinematic expression

vr = (vo + at) m/s
where v is the initial velocity in m/s, a is the acceleration in m/s2 ,and t is the time in s,

—Voy = Voy — &lrotal

and the total time is

21/()).

trotal =

Plugging in numbers and converting units as needed,

2(5.25 m/s)
(9.81 m/s?)

trotal

tiotal = 1.07 m

Part (c) Describe the ball’s horizontal position as a function of time, x(f), (in terms of #, v, Voy, a and g) before it returns to the fairway.

wind>

The only force acting in the horizontal or x-direction is the wind. From the kinematic equation

x (1) = (%az‘z +vot+x0) m

where a is the acceleration in m/s? ,tis the time in s, vo is the initial velocity in m/s, and X¢ is the initial displacement,

1 1
X(0) = 5 + (~awina) 1%+ voxt + 0 = vo,t — 5 Awinat?

x(t) = (voxt = 0.5ayinat®) m

Part (d) Calculate the horizontal distance, x,,,, in meters, the ball travels before it returns to ground level.

Using the total time found in b and the distance in c,

2
1 2 ZVOy 1 2V()y 2V()y Voy
X (trotal) = Voxtiotal = 5 * Qwindlyy = Vox * g - E * Qwind * = —— | Vox — Qwind * ?

Plugging in numbers and converting units as needed,

5.25 m/s

x(taa = Xmax = 2+
o) 9.81 m/s?

~<11m/s—1.05m/52~M)

9.81 m/s?

Xmax = 11.172 m
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Problem 247 - 5.6.16 :
Unreasonable Results (a) Calculate the minimum coefficient of friction needed for a

car to negotiate an unbanked 50.0 m radius curve at 30.0 m/s. (b) What is
unreasonable about the result? (c) Which premises are unreasonable or inconsistent?

Solution

(a) u, = i (30.0 m/s)2

g ~50.0mx9.80 m/s’

-1.84

(b) A coefficient of friction this much greater than 1 is unreasonable. For example, the
value for rubber on dry concrete is 1.0.

(c) Itis unreasonable to go around an unbanked, tight curve so fast.

Problem 248 - 5.6.19 :
A4.75¢ 105—kg rocket is accelerating straight up. Its engines produce 7.05 ¢ 107 N of thrust, and air resistance is 4.25 * 10° N .

Randomized Variables

m=4.75107-kg
f=1.05+10"N
f,=4.25+10°N .

Part (a) What is the rocket’s acceleration, using a coordinate system where up is positive?

Let's begin by drawing a free-body diagram.

Fe

AGA

Fr Fe

FnetzF_Fr_Fg
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We see that the force of the engines is directed up, while the forces of gravity and air resistance are directed downward. We can now write an expression for the n
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Fpet =F — F, —mg
Now that we have an expression for the net force, let's use Newton's Second Law to get an expression for the acceleration in terms of force and mass.

F =ma

=a

£
m

Now, let's apply this to our net force to find the acceleration of the rocket.

Fret _ F_F?‘_mg

a =
m m
_1.05-10' N -
475 - 10° kg
a=3.358m/s>

Problem 249 - 5.6.20 :

The wheels of a midsize car exert a force of 2050 N backward on the road to accelerate the car in the forward direction. The force of friction including air
resistance is 270 N and the acceleration of the car is 1.5 m/s2.

Randomized Variables

f=2050N
f,=2I0N
a=1.5m/s?

Part (a) What is the mass of the car plus its occupants in kg?

Let's begin by summing the total forces on the car in order to find the net force.

Free =F - F;

Now that we have an expression for the net force we can use Newton's Second Law to solve for the total mass of the car.

Fuer = ma
Fner_
a
F —F,
m=
a

2050 N — 210N
m=-—————
1.5 m/s?

m = 1226.667 kg
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Problem 250 - 5.6.21 :

A freight train consists of two 8.05 ¢ 10* kg engines and 45 cars with average masses of 5.5 ¢ 10* kg each.

Randomized Variables

m=8.05¢10%kg
my=5.5%10*kg
f=7.25+10°N

Part (a) What is the magnitude of the force must each engine exert backward on the track to accelerate the train at a rate of 5.00 « 1072 m/s? if the force (

assuming the engines exert identical forces? This is not a large frictional force for such a massive system. Rolling friction for trains is small, and consequel
efficient transportation systems.

Let's begin by finding the net force required to accelerate the train, letting m refer to the weight of an engine and m; refer to the weight of a car.

Foet = mypra1a

Foer = Qm+45my) a

Now that we have an expression for the net force on the train, we can write an equation for the sum of all forces. As we do so, recall that there are two engines th

Foer = 2F—Ff
(2m + 45my)a = 2F — Fy
2m +45my)a+ Fr = 2F

2m +45my) a + Fy _

> F

(2-8.05-10"kg +45-55-10"kg ) -5.00- 10 m/s* + 725N
2

F =428400 N

Part (b) What is the force in the coupling between the 37th and 38th cars (this is the force each exerts on the other), assuming all cars have the same mas
distributed among all of the cars and engines?

The coupling between the 37th and 38th cars needs to exert enough net force to accelerate the 38th through 45th cars at the same speed as the rest of the train. Th
can write the following equation for the net force required:

[
F),, =8ma

To write an equation for the sum of forces acting on these last eight cars, we need to know the force of friction. As the frictional force is distributed evenly betwe
the friction force on these cars will be 8/47ths of the total frictional force the train experiences. We can now write the following equation:

8
Fl,=F — —F
net 47 f

8
—F - =
8mpa = F 7F/

8
8mpa + EFf =F'
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F'=8-55-10*kg -5.00- 102 m/s? + 4—87 -725-10°N

F' = 145404.255 N

Problem 251 - 5.6.22 :

Commercial airplanes are sometimes pulled out of the passenger loading area by a tractor.

Part (a) An 1800 kg tractor exerts a force of 1.75 x 10* N backward on the pavement, and the system experiences forces resisting motion that totals 2400
0.11 m/s2, what is the mass of the airplane in kilograms?

To begin, let's write an equation for the net force acting on the tractor.

Fpee = F — F;

Now, let's write Newton's Second Law for this system and use the formula we just found to substitute for the net force.

Fret = Mypra1a

F—-F =m;+m)a

1.75-10* N = 2400 N
0.11 m/s?

g =

— 1800 kg

my = 135472.727 kg

Part (b) Calculate the force, in newtons, exerted by the tractor on the airplane, assuming 2200 N of the friction is experienced by the airplane.

To begin, let's write Newton's Second Law for the airplane to get a formula for the net force.

F =mya

‘We can now write a sum of the forces on the airplane. To find the net force the tractor exerts on it, we will need to substitute our answer from part (a) in for the m

F = netF — Fy
mqa = netF — Fy

mga + Fy = netF’
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<1.75 -10*N — 2400 N
netF =

IEE —1800kg>-0.11m/52+2200N
. s

netF = 17102 N

Problem 252 - 5.6.23 :
A 1050 kg car pulls a boat on a trailer. The mass of the boat plus trailer is 700 kg.

Randomized Variables

m=1050kg
f=1750N
a=0.51 m/s?

Part (a) What is the magnitude of the force which resists the motion of the car, boat, and trailer, if the car exerts a /750 N force on the road and produce
m/s? in Newtons?

To find the resisting force, let's begin by using Newton's Second Law to express the net force in terms of the mass and acceleration.
Fuer = ma

Fuer = (my + mp) a

Now, let's write an equation for the sum of the forces on the car, boat, and trailer.

Fner=F_f
(m+m)a=F—-f
(m +m)a—F =—f

f=1750N — (1050 kg + 700kg) - 0.51 m/s 2

f=8575N

Part (b) What is the force in the hitch between the car and the trailer if 80% of the resisting forces are experienced by the boat and trailer in Newtons?

The force exerted by the hitch must be enough to accelerate the boat and the trailer. We can use Newton's Second Law to write the net force exerted by the hitch i
boat and trailer multiplied by the acceleration.

Foper = maa

Now, let's set up an equation for the sum of the forces on the boat and trailer, noting that the force exerted by the hitch will act in the positive x-direction and 80%
found in part (a) will act in the negative x-direction.

Fuey = F' = 0.8f
mya =F' — 0.8f
maa + 0.8f = F’
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mya + 0.8 [F — (mi +my)a) = F'

F'=700kg -0.51 m/s*+0.8 - [I7S0N — (1050 kg + 700 kg ) - 0.51 m/s %

F' =1043N

Problem 253 - 5.6.24 :
Two children pull a third child backward on a snow saucer sled exerting forces F| = 7.5 and F, = 4.5 as shown in the figure. Note
that the direction of the friction force f = 5.7 N is unspecified; it will be opposite in direction to the sum of the other two forces.

. F;

Part (a) Find the magnitude of the acceleration of the 4/ kg sled and child system, in meters per second squared.

To begin, we need to find the magnitude of the force resulting from the two children pulling on the sled. Let's begin by writing an expression the sum of those twi
F, = Ficos (45°) + Facos (30°)

Let's do this for the y-direction now.
Fy = Fysin (45°) — F3sin (30°)

Now that we have these two equations, we can find the magnitude of the force pulling the sled.

|F| = \/ (F1cos (45°) + Facos (30°)Y + (Fysin (45°) — Fasin (30°))

Next, we will need to incorporate friction in order to find the net force. Since friction acts in the opposite direction of motion, the force of friction will be directly
forces. Because of this, we can directly subtract it from the magnitude of the pulling force.

|Fnet| = |F| _f

|Fret| = \/ (F1cos (45°) + Fycos (30°)Y + (Fysin (45°) — Fysin (30°)¢ — f

To go from a force to an acceleration, we will need to divide through by the mass. From there, we can substitute values into the equation and solve.

\/ (Ficos (45°) + Facos (30°)Y + (Fysin (45°) — Fasin (30°)F — f

a
m
\/ (75N - cos(45°) + 45N - cos (302} + (7.5 N - sin (45°) — 45N - sin (30°)F—
a =
41 kg
a=0.112m/s?
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Part (b) Assuming the sled starts at rest, find the direction of the sled and child system in degrees north of east.

Since the force of friction is acting directly opposite the direction of motion, it does not change the angle at which the sled moves. As such, we need only to find
two forces pulling the sled. To do this, we can begin by examining the components of the pulling force in the x and y-directions.

F, = Ficos (45°) + Fycos (30°)
Fy = Fsin (45°) — F2sin (30°)

‘We can use trigonometry to set up a relation between the tangent function of the angle of the force and the x and y components. From there, we can simplify and

Fy
tan (0) = F

X

]y
0 = arct —_—
arctan "

Fsin (45°) — Fas5in (30°) )
Ficos (45°) + Facos (30°)

0 = arctan (

75N -sin(45°) —4.5N -s5in(30°)
0 = arctan ( )

75N -cos(@5°) + 45N - cos (30°)

6 = 18.359

Problem 254 - 5.6.25 :

A nurse pushes a cart by exerting a force on the handle at a downward angle 37° below the horizontal. The loaded cart has a mass of 28 kg, and the force of
friction is 55 N.

Randomized Variables

f=55N
a=31"°

Part (a) What is the magnitude of the force the nurse must exert to move at a constant velocity in Newtons?

To begin, let's draw a free-body diagram.
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Fn

f

Now, we know that the forces in the y-direction will naturally cancel out, as the cart will not leave the floor when it is being pushed. This means that we need onl
balancing forces in the x-direction. We can write an expression for the net force in the x-direction, noting that the net force must be zero for the cart to move at a.

Fpet = Fcos (0) — f
0= Fcos(a)—f
f = Fcos(a)

f

cos (a) =

_ 55N
~ cos(31°)

F =64.165N

Problem 255 - 5.6.26 :
A 1100 kg car pulls a boat on a trailer. The mass of the boat plus trailer is 700 kg.

Part (a) What total force resists the motion of the car, boat, and trailer, if the car exerts a 1900 N force on the road and produces an acceleration of 1.2 m

In this problem, we are told that a truck exerts a force of 1,900 N on the road. It does this by having the engine turn the wheels which the road "catch" via a frictic
Law, the road exerts a force in the opposite direction on the tires. This force is in the direction of motion, consistent with Newton's Second Law. It might be stran
of friction as a force that prevents or stops motion, but, in fact, the friction here is necessary for the truck to move forward. We can rationalize this if we imagine -
With the low friction force, the engine would make the wheels spin, but they would no longer get "caught" by the road, and the truck would not accelerate forwar
can also see that this force of 1900 N of friction is the ONLY force propelling the truck forward. That is, the trailer, which is just being pulled by the truck and do
its own, will not lead to any additional propulsion force on

the truck with trailer system. The only force responsible for the acceleration is that 1900 N friction force. As the problem statement points out, there, generally, w
the motion, from air resistance and from slight deformation of the tires (more extreme if the tires aren't well-inflated!). We can solve for this resistive force by usi
as follows.

Foer = ma

where m is the mass of the system accelerating, taken here to be the combined mass of the truck, trailer, and boat, 1,800 kg. Substituting into the above yields
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1900N — F = 1,800kg - 1.2
R

‘We solve for F to be
F=-260 N

Part (b) What is unreasonable about this situation?

Hopefully, your solution to part a raised a red flag and you thought something like "wait a minute! What does it mean for F to be negative? Since I subtracted it it
assuming it to be a resistive force, doesn't a negative value mean it is actually pushing the truck along? Is this truck driving through a hurricane that is also helpin
something?!" In this part b, we are asked to consider what is unreasonable about the problem set-up that could have led to the unreasonable result of a negative re
unreasonable to tow something massive. In fact, the truck could pull something even more massive than it, just as you can push (or pull) your car when it breaks «
bring it off the road. The force the tires exert on the road to propel the truck forward depend upon the strength of the truck's engine, assuming the coefficient of fr

prevent sliding. However, with such a massive system and relatively small friction force, we should expect a smaller acceleration. In the limit of there being no re
would have a maximum acceleration of only

1900 = 1,800a

m
a=105—
2

It is unreasonable to have this acceleration

Problem 256 - 5.6.27 :

A physics major is cooking breakfast when he notices that the frictional force between his steel spatula and his Teflon frying pan is only 0.75 N.

Randomized Variables

f=0.I5N

Part (a) Knowing the coefficient of kinetic friction between the two materials is about 0.04, he quickly calculates the normal force. What is it in newtons?

To solve this problem, we can use the fact that the force of friction is equal to the normal force multiplied by the coefficient of kinetic friction.

f=mN
LN
m

0.15N
N= 0.04
N=375N

Problem 257 - 5.6.28 :

When rebuilding her car’s engine, a physics major must exert 275 N of force to insert a dry steel piston into a steel cylinder.

Randomized Variables

f=275N

Part (a) What is the normal force between the piston and cylinder in newtons? You may assume the coefficient of kinetic friction here is 0.3.
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To find the normal force, we can use the fact that the force of friction is equal to the coefficient of kinetic friction multiplied by the normal force.

Fr = wf

Fy
Mk

275N
0.3

f =916.667 N

Part (b) What force would she have to exert if the steel parts were oiled (decreasing the coefficient of friction by a factor of 10) in Newtons?

Here, we will need to use the relation between the normal force, coefficient of friction, and the force of friction once again. In this case, we will need to use our r¢
normal force to solve for the minimum required force to overcome friction.

S =N
_ 03 275N
10 0.3
f=275N

Problem 258 - 5.6.29 :

During strenuous exercise it is possible to exert forces to the joints that are ten times greater than the weight being supported when not in motion. The
coefficients of friction for joints are generally very small - for this problem, assume the coefficient of static friction in a knee joint is 0.016, while for kinetic
friction it is 0.015.

Randomized Variables

m=61Xkg

Part (a) What is the frictional force in the knee joint of a person who is standing still and supporting 6/ kg of her mass on a knee?

First, note that the normal force in this case will be equal to the peron's weight. Further, since the person is standing still, we will want to use the coefficient of ste
problem. The maximum force of friction is equal to the coefficient of friction multiplied by the normal force, so we can set up the following equation:

ﬁnax = ﬂsN
Smax = psmg

fmax =0.016 - 61 kg - 9.8 m/s 2

fmax = 9.565 N

Part (b) What is the maximum force of friction if this person begins strenuous exercise?

The problem statement notes that it is possible to exert ten times as much force as a person weighs during strenuous exercise. The normal force in this case will tl

times the person's weight. Since strenuous exercise will involve movement, we will need to use the coefficient of kinetic friction to find the friction in this case. M
that the force of friction is equal to the coefficient of friction multiplied by the normal force to set up the following equation:
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f=mN
S = pr - 10mg

f=0015-10-61kg -9.81 m/s>

f=289.762 N

Problem 259 - 5.6.34 :
Full solution not currently available at this time.

Shown to the right is a block of mass m = 5.1 kg sitting on a ramp that makes an angle 6 = 27° with the horizontal. This block is being pushed by a
horizontal force F = 201 N. The coefficient of kinetic friction between the two surfaces is 4 = 0.41.

e

Part (a) Write an equation for the acceleration of the block up the ramp using variables from the problem statement together with g for the acceleration
a=(F cos(8) -m gsin(0) - m g p cos(0) - F usin(0) )/m

Part (b) Find the acceleration of the block up the ramp in
m
52
a = (F*cos(0*pi/180)-m*9.8*sin(0*pi/180)-m*9.8*u*cos(0*pi/180)-F*u*sin(0*pi/180))/m

a = (201*cos(21*pi/180)-5.1*%9 .8*sin(21*pi/180)-5.1%9.8%0.41*cos(21*pi/180)-201*%0.41*sin(21*pi/180))/5.1
a=23.74

Tolerance: + 0.7122

Problem 260 - 5.6.34(sym) :
Full solution not currently available at this time.

Shown to the right is a block of mass m sitting on a ramp that makes an angle 6 with the horizontal. This block is being pushed by a horizontal
force F. The coefficient of kinetic friction between the two surfaces is u.

~

Part (a) Write an equation for the acceleration of the block up the ramp using variables from the problem statement together with g for the acceleration
a=(F cos(8) -m g sin(0) - m g p cos(0) - F usin(0) )/m

Problem 261 - 5.6.33 :

Consider the 61 kg ice skater being pushed by two others shown in the figure. The coefficient of static friction is u=0.4 and kinetic
is w=0.02.

Randomized Variables

m=61kg
F;=230N
F,=160N
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(a)

Part (a) Find the magnitude of Fy, the total force exerted on her by the others, given that the magnitudes F; and F, are 230 N and /60 N, respectively i

Looking at the diagram, we see that F| is exerted in the x-direction and F; is exerted in the y-direction. To find the magnitude of the sum of these two forces, we

theorem to solve for the resultant vector.
Fio = /F} + F}

Frp = \/(230N)2 + (160N}

Fior = 280.179 N

Part (b) Find the direction of F, (in degrees relative to the horizontal), the total force exerted on her by the others, given that the magnitudes F and F,

respectively.
Looking at the diagram for this problem, we see that F is applied in the x-direction and F> is applied in the y-direction. Using basic trigonometry, we can create

tangent function of the angle above the horizontal and these two forces.

tan (0) = %
1

F.
0 = arctan (F—?>

0 — aretan ( JON
—arcan(230N )

0 = 34.825°

Part (c) What is her initial acceleration if she is initially stationary and wearing steel-bladed skates that point in the direction of Fy in m/s??

The force of friction that the skater experiences when she starts moving from rest will be equal to the coefficient of static friction multiplied by the normal force t
her. Since she is standing on level ground, the normal force will be equal to her weight. Using this information together with the results from part (a) for the mag:
pushing her, we can set up the following equation:

Fnet = Ftot - ﬂsFN

Fuet = \/F]Z + F2 — uymg

Now that we have an expression for the net force that the skater experiences, we can find her acceleration by dividing the net force by her mass.
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\/F12+F22—ﬂsmg

m

3 V(230N + (160N 2 — 0.4 - 61 kg - 9.8 m/s?
61 kg

a=0.6731 m/s?

Part (d) What is her acceleration assuming she is already moving in the direction of Fo in m/s2?

This problem is almost identical to the one we worked in part (c). The only difference is that the skater does not start from rest, meaning that we will use the coef

find the force of friction. As in part (c), the normal force is still equal to the weight of the skater and the force pushing her is still equal to the value we found in p
equation for the net force on the skater.

Fret = Fror — ﬂkFN

Fuet = \/F} + F2 — pumg

Now that we have an expression for the net force that the skater experiences, we can find her acceleration by dividing the net force by her mass.

\/F}+ F} — uumg

m

a=

V(230N + (160N 2 —0.02 - 61 kg - 9.8 m/s?2
a =
61 kg

a= 4397 m/s?

Problem 262 - 5.6.39 :

Consider a car heading down a 5.5° slope (one that makes an angle of 5.5° with the horizontal) under the following road conditions. _
You may assume that the weight of the car is evenly distributed on all four tires and that the coefficient of static friction is involved

—that is, the tires are not allowed to slip during the acceleration. Use a coordinate system in which down the slope is positive Rubber on dry concrete
acceleration.

Rubber on wet concrete
Randomized Variables

Steel on steel(dry)
60=5.5°

Steel on steel (oiled)

Shoes on wood

Shoes on ice

Steel on ice

Part (a) Calculate the maximum acceleration for the car on dry concrete, in meters per square second.

Let's start this problem by drawing a free-body diagram of the car.
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We see that there are two forces acting on the car in the y-direction we have assigned; a normal force moving the car in the positive direction and a y-component
moving it in the negative direction. Since the car will not be moving off the incline, there will be no net force in the y-direction. We can use this information to w
sum of forces in the y-direction.

Fy,ner=FN_ng
0=Fy - Fy
Fey =Fn

Fycos(0) = Fy

Now, let's look at the forces in the x-direction. In the x-direction, the wheels spinning against the ground cause static friction to push the car in the positive x-dire
attaining the maximum acceleration when the maximum force of static friction is exerted on it. At the same time, a component of the gravitational force also acts
the expression we just found for normal force, we can write the following expression for the forces in the x-direction.

Fx,ner = Ff + ng
Frnet = psFgcos (0) + Fysin (6)

Fxner = usmgcos ) + mgsin )

To convert our expression for the net force in the x-direction to acceleration in the x-direction, we need to recall Newton's Second Law.
F =ma
F
=g
m

This equation shows that we can find the acceleration of the car by dividing the net force it experiences by its mass.

_ psmgeos (0) + mgsin (0)

Amax =

m

Amax = psgcos (0) + gsin ()

Amax = § 045605 (9) + sin (6))
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Gmae = 9.8m/s? - (1.0 - cos (5.5°) + sin (5.5°))

Amax = 10.694 m/s 2

Part (b) Calculate the maximum acceleration on wet concrete, in meters per square second.

As compared to part (a), all that has changed is the coefficient of static friction. This means that the problem is otherwise completely identical. We can therefore 1
found in part (a) and replace the coefficient of static friction with the one for wet concrete in order to find the solution.

Amax = g (pscos (0) + sin (0))

Amax = 9.8 m/s 2 - (0.7 - cos (5.5°) + sin (5.5°))

Gmax = 7.768 m/s

Part (c) Calculate the maximum acceleration for the car on ice, in meters per square second, assuming that ug = 0.100, the same as for shoes on ice.

As compared to part (a), all that has changed is the coefficient of static friction. This means that the problem is otherwise completely identical. We can therefore 1
found in part (a) and replace the coefficient of static friction with the one for ice to find the solution.

amax = g (uscos (0) + sin (0))

Amax = 9.8 m/s 2 - (0.100 - cos (5.5°) + sin (5.5°))

Gmax = 1.915 m/s ?

Problem 263 - 5.6.44 :

A contestant in a winter sporting event pushes a 47 kg block of ice in the positive direction across a frozen lake as shown in the
figure. Assume the coefficients of static and kinetic friction are ug=0.1 and ,=0.03.

Randomized Variables

m=41kg

Part (a) Calculate the minimum force F he must exert to get the block sliding across the ice in newtons.

First, we'll draw a free-body diagram of this system.
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Fn
. Fx
f € \%
Fy
F
Fe

Let's proceed by summing the forces in the y-direction. The normal force acts in the positive y-direction and the force of gravity and the y-component of the forc:
act in the negative y-direction. Since the net force on the block in the y-direction must be zero (as it will not accelerate up or down), we can set up the following ¢

Fnel,y = Fy _Fg - Fmin,y

0=Fy— mg — Finsin (25°)

mg + Finsin (25°) = Fn

Now, let's repeat this process for the x-direction. The only forces acting in the x-direction are the x-component of the force the contestant exerts in the positive di
friction acting in the negative direction. Since we want to find the point at which the block just begins to move, we will want static friction to be exerting its maxi
the net force in the x-direction to be equal to zero. This gives us the following equation:

Fnet,x = Fmin,x _f

0 = Fuincos (25°) — usky
We can solve this problem by substituting in the expression that we found earlier for the normal force and solving for Fy, .

0 = Fpincos (25°) — us (mg + Finsin (25°))

0 = Fuincos (25°) — HsMg — /leminSin (259

usmg = Fuincos (25°) — psFininsin (25°)

psmg = Fyin (cos (25°) — pssin (25°))

HsME
cos (25°) — ugsin (25°)

= Fuin

0.1-41kg -9.8 m/s?

Fin =
T cos (25°) — 0.1 - sin (25°)

Fnin = 46.502 N

Part (b) What is its acceleration once it starts to move, if that force is maintained in m/s2?

To begin this problem, we will need to sum the forces in the y-direction just like we did in part (a).
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Fnet,y = FN - Fg - Fmin,y
0 = Fny — mg — Fpinsin (25°)

mg + Fpinsin (25°) = Fy

Now let's write an equation for the forces in the x-direction. While this is mostly identical to what we did in part (a), we will use the coefficient of kinetic friction
will not be zero in this case.

Fnet,x = Fmin,x _f

Fretx = Fpincos (25°) — uxFy

To proceed, let's substitute in the expression we found for the normal force.
Fretx = Fincos (25°) — ux (mg + Fuinsin (25°))

We can now find an acceleration by applying Newton's Second Law.

F, netx = ma

F, netx

m

_ Fruincos (25°) = i (mg + Fuinsin (25%))
m

Finally, to complete the problem, we can substitute in our answer from part (a) for the minimum force and solve for the acceleration.

46.502 N - cos (25°) — 0.03 (41 kg - 9.8 m/s> + 46.502 N - sin (257))
a=
41kg

a=0.7196 m/s >

Problem 264 - 5.6.45 :

A contestant in a winter sporting event pulls a 47 kg block of ice in the positive horizontal direction with a rope over his shoulders
across a frozen lake as shown in the figure. Assume the coefficients of static and kinetic friction are y¢=0.1 and 3, =0.03.

Part (a) Calculate the minimum force F he must exert to get the block sliding in newtons.

First, we'll draw a free-body diagram of this system.
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Fn
[ :
550 iFv
[ S— <1520
Fe

Let's proceed by summing the forces in the y-direction. The normal force and the y-component of the force the contestant exerts actin the positive direction while
in the negative direction. Since the net force on the block in the y-direction must be zero (as it will not accelerate up or down), we can set up the following equati

Fnel,y = FN + Fmin,y - Fg
0 = Fy + Fpinsin (25°) — mg
mg — Finsin (25°) = Fn
Now, let's repeat this process for the x-direction. The only forces acting in the x-direction are the x-component of the force the contestant exerts in the positive di

friction acting in the negative direction. Since we want to find the point at which the block just begins to move, we will want static friction to be exerting its maxi
the net force in the x-direction to be equal to zero. This gives us the following equation:

Fnet,x = Fmin,x _f

0 = Fuincos (25°) — usky
We can solve this problem by substituting in the expression that we found earlier for the normal force and solving for F'.

0 = Fincos (25°) — us (mg — Fyinsin (25°))

0 = Fuincos (25°) — pusmg + psFinsin (25°)

usmg = Fuincos (25°) + psFininsin (25°)

usmg = Fpin (cos (25°) + pssin (25°))

HsME
cos (25°) + ugsin (25°)

= Fuin

0.1-41kg -9.8 m/s?

Fin =
T cos (25°) 4 0.1 - sin (25°)

Foin = 42359 N

Part (b) What is its acceleration in m/s2 once it starts to move, if that force is maintained?

To begin this problem, we will need to sum the forces in the y-direction just like we did in part (a).
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Frety = Fn + Foiny — Fy
0= FN + Fminsin (250) —mg
mg — Finsin (25°) = Fx

Now let's write an equation for the forces in the x-direction. While this is mostly identical to what we did in part (a), we will use the coefficient of kinetic friction
will not be zero in this case.

Fnet,x = Fmin,x _f

Fnet,x = Fnincos (25°) — /lkFN

To proceed, let's substitute in the expression we found for the normal force

Fnet,x = Fuincos (25°) — Hk (mg — Finsin (25°))

We can now find an acceleration by applying Newton's Second Law.

F, netx = ma

F, netx

m

_ Fruincos (25°) — i (mg — Fuinsin (25%))
m

Finally, to complete the problem, we can substitute in our answer from part (a) for the minimum force and solve for the acceleration.

42359 N - cos (25°) — 0.03 (41 kg - 9.8 m/s> — 42.359 N - sin (257))
a=
41kg

a = 0.6554 m/s?

Problem 265 - 5.6.46 :

The terminal velocity of a person falling in air depends upon the weight and the area of the person facing the fluid.

Randomized Variables

m=75kg
A=0.11m?

Part (a) Find the terminal velocity (in meters per second) of an 75-kg skydiver falling in a pike (headfirst) position with a surface area of 0.77 m2and a
may assume the density of air is 1.21 kg/m3.

Terminal velocity occurs when the force of drag reaches a magnitude equal to the force of gravity. We can use the following equation to solve for the terminal vel

_ [2mg
V= CpA
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V=

2.75kg - 9.8 m/s?
0.7-121kg/m?-0.11 m2

v = 125.609 m/s

Problem 266 - 5.6.47 :

A 52 kg and a 82 kg skydiver jump from an airplane at an altitude of 6000 m, both falling in the diving/headfirst position. Assume their surface area is
0.105 m? and the drag coefficient is 0.70.

Randomized Variables

m;=52kg
m,=82kg
A=0.105m?

Part (a) How long will it take for the first skydiver to reach the ground in seconds (assuming the time to reach terminal velocity is small and the density «
kg/m3)?

Since we are assuming that the skydiver reaches terminal velocity quickly, we can assume that they travel the entire distance at terminal velocity. To begin, let's v
terminal velocity of this skydiver.

_ 2m1g
Vil = CpA

Now we can use the relation between velocity, displacement, and time for an object moving with no acceleration to solve for the time.

d
Vil = —
t P
v = d
d
= —
Vil
d
=
2m g
CpA
6000 m
1 =
2:52kg 9.8 m/s >
0.70-1.21 kg/m *-0.105 m 2
1 =56.048 s

Part (b) How long will it take for the second skydiver to reach the ground in seconds (assuming the time to reach terminal velocity is small)?

We can use the same procedure here that we used in part (a). First, let's write an expression for the terminal velocity of the second skydiver.
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2myg
CpA

Vn =

Now let's use the relation between velocity, displacement, and time for an object moving with no acceleration to solve for the time.

Vo = —
(s P
thvp =d
d
h =—
Vi2
d
I =
2m, g
\/ CpA
6000 m
1 =

2-82 kg -9.8 m/s 2
0.70-1.21 kg/m *-0.105 m 2

44.633 s

5]

Problem 267 - 5.6.50 :
Suppose a car accelerates from 67 to 7102 km/h?

Randomized Variables

s;=61 km/h
5,=102km/h

Part (a) By what percent does the drag force on a car increase?

The percent by which the drag force increases can be found by first dividing the change in drag force by the initial drag force. We will then need to multiply by 1
fraction into a percent. This gives us the following equation:

Fpr — F
%increase = —22—"PL . 100
Fpi

Now, let's plug the formula for drag force into the above equation.

0.5CpAs3 — 0.5CpAs? .

%increase = 100
0.5CpAs%

, 2-9

%increase = - 100
51
1022 — 612
%increase = — 100
61
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%increase = 179.602%

Problem 268 - 5.6.51 :

Calculate the velocity a spherical rain drop would achieve falling (taking downward as positive) from 4.2 km in the following situations.
Randomized Variables

h=4.2%km
[=3.2 mm
d=1.15kg/m?

Part (a) Calculate the velocity in the absence of air drag in m/s.

In the absence of a drag force, we can solve this problem with a basic kinematic equation. Defining down as the positive direction, we see that the initial velocity

falling is zero, the distance the drop falls is equal to the height it starts from, and the acceleration is simply the acceleration due to gravity. Remembering to conve
kilometers to meters, we can set up and solve the following kinematic equation for the final velocity:

v =v(2)+2ad

V2

0+ 2gh

v=14/2gh

v=12-98m/s2-42-10°m

v =286.915 m/s

Part (b) Calculate the velocity with air drag in m/s. Take the size across of the drop to be 3.2 mm, the density of air to be /.75 kg/m3 , the density of wate
surface area to be nr2, and the drag coefficient to be 1.0.

‘When something falls with drag forces present, it will eventually reach a terminal velocity. Therefore, to solve this problem, we need to solve for the terminal vel
begin by writing out the equation for terminal velocity.

_ 2mg
"= Cpra

As we are told to assume that the surface area of the raindrop is equal to 2zr, all that we need to know to complete this problem is the raindrop's mass. Since we |
sphere from the radius, and we know the density, we can use the density equation to find an expression for the raindrop's mass.

m
Pw = V
PWV =m
Pw * 377.'}’3

Now, let's plug this expression for mass into our previous equation along with the expression for the area of the drop's falling surface and solve for the terminal v
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2pu - 37rd - g
V=4 ———
' Cpy - mr?

_ [8purg
V= 3.0

To finish this problem, we will need to substitute in values and solve. As we do so, we must be careful to convert the diameter of the raindrop both to a radius anc

meters.
8 - 1000 kg/m * - (%) m - 9.8 m/s?
Vy =
' 3-1.15kg/m? - 1.0
vy = 6.03 m/s

Problem 269 - 5.6.53 :

Stokes’ law describes sedimentation of particles in liquids and can be used to measure viscosity. Particles in liquids achieve terminal velocity quickly. One
can measure the time it takes for a particle to fall a certain distance and then use Stokes’ law to calculate the viscosity of the liquid. Suppose a steel ball

bearing (density 7.5 x 10 kg/m3, radius 0.65 mm) is dropped in a container of motor oil. It takes /0.5 s to fall a distance of 0.45 m.

Randomized Variables

d=7.5x%103kg/m?

r=0.65 mm
t=10.5s
h=045m

Part (a) Calculate the viscosity of the oil assuming the ball achieves terminal velocity immediately.

The viscosity can be found by writing an equation for the net force and solving for the viscosity at which the net force would be zero, as this is the condition for t
Stoke's law for the drag force and letting down be the positive direction, we can write the following equation for the sum of forces:

Fnet:Fg_FD

0 = mg — 6manv

6brany = mg

__mg
"= 6rav

To proceed, we need to find the velocity and the mass of the ball bearing. Since it reaches terminal velocity quickly, we can treat the ball bearing as falling the en
velocity. As such, we can use the relationship between velocity, distance, and time traveled for an object that does not experience acceleration to get an expressio

~| =

To find the mass, we can use the relation between density, mass, and volume, given that we know the density and can find the volume of a sphere from its radius.

AN
[
<|3
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pV=m
3

4=
przma =m

millimeters to meters.

p- ind’g
]1 =
6ra (%)
_ 2pdPgr
T
2.75-10°kg/m> - (0.65- 10> m )’ -9.8m/s>-10.5s
= 9-045m

n=0.161kg/ (m -s)

friction between the penny and the record is g, = 0.77.
Randomized Variables
Hs=0.17

Part (a) Select an expression for the maximum distance, 7, the penny can be placed from the center and not move

SchematicChoice :
Hs Hsg Hs
r= ) r= > re=—
w w w
Hsg 9 Hrd
Fis rE_a =
w w w

Part (b) What is the distance, 7 in meters?
Numeric : A numeric value is expected and not an expression.

) //}j

b Yg KV [ dred ) [ mn ) 2l
)amv«f’? ) ),317 /f,

pain l e

Problem 271 - 5.6.52 :
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A penny is placed a distance r from the center of a record spinning at = 45 rpm. The coefficient of static
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Now, we can plug these expressions for velocity and mass into our earlier equation and then solve for the viscosity. While we do so, we must be careful to conver
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Find the terminal velocity of a spherical bacterium (diameter 2.00 pm) falling in
water. You will first need to note that the drag force is equal to the weight at terminal
velocity. Take the density of the bacterium to be 1.10 x 10° kg.w"mB.

Solution Using Stokes’ law, we can find the terminal velocity by equating the drag force and
the weight of the bacterium. Solving for velocity, we obtain:

2

_omg  p, . (A3a’g 2p 17g
- 6T - 6 - oy
 2(1100kg/m*)(1x10~° m)* (9.8 m/s*)
- 9(1.005x10~> kg/m-s)

=2.38x107° m/s

Problem 272 - 5.6.57 :

Full solution not currently available at this time.

A crate of mass m = 91 kg rests on a rough surface inclined at an angle of 6 = 37° with the horizontal. A massless rope to which a force can be applied
parallel to the surface is attached to the crate and leads to the top of the incline. In its present state, the crate is just ready to slip and start to move down the
plane. The coefficient of kinetic friction is given by ux = fus; where u refers to the coefficient of static friction and f= 0.75. For all parts of this problem
consider up the surface to be the positive direction of motion.

Part (a) Write an equation for the coefficient of static friction in terms of variables from the problem statement.

ug = tan(0)

Part (b) Calculate the coefficient of static friction.
g = tan(0%pi/180)
g = tan(31%pi/180)
ug=0.6009
Tolerance: + 0.018027

Part (c) Write an equation for the maximum force the rope can exert parallel to the surface of the plane before the crate begins to slide upwards. Give yc
variables from the problem statement together with g for the acceleration due to gravity.

F =2m gsin(0)

Part (d) Calculate the maximum force that can be applied upward along the plane by the rope and not move the crate. Give your answer in newtons.
F = 2%9.81*m*sin(0*pi/180)
F =2%9.81*%91%*sin(31*pi/180)
F =919.559
Tolerance: + 27.58677

Part (e) With a slightly greater applied force than what you found in the previous part, the crate will slide up the plane. Write an equation for the accele
begins to slide upwards. Give your equation in terms of variables from the problem statement together with g for acceleration due to gravity and u for th
friction.

a=gsin(0) - g f ug cos(0)

Part (f) Find the acceleration of the crate (in
ﬂz ) when it begins to slide upwards.
K

a = 9.81%sin(0*pi/180)*(1-f)

a = 9.81%sin(31*pi/180)*(1-0.75)
a=1.263

Tolerance: + 0.03789

Part (g) After the crate begins to move, we reduce the force on the rope. Write an equation for the force exerted upwards by the rope at which the movin
and moves at a constant speed. Give your equation in terms of variables from the problem statement together with g for acceleration due to gravity and g,
friction.

F =m gsin(0) + m g f ug cos(0)

Part (h) Calculate the force that must be exerted upwards by the rope for the moving crate to stop accelerating and move at a constant speed. Give your
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F = 9.81*m*sin(0*pi/180)*(1+f)

F =9.81%91*sin(31*pi/180)*(1+0.75)
F =804.614

Tolerance: + 24.13842

Part (i) Consider a case where no force is being exerted by the rope and the crate is at rest. Write an equation for the acceleration of the crate down the |
nudge to get it started. Give your answer in terms of variables from the problem statement together with g for acceleration due to gravity and g for the c«

a=gfugcos(0) - g sin(0)

Part (j) Calculate the acceleration of the crate if it is given a slight nudge down the ramp from rest. Give your answer in
m

52
a = 9.81%sin(0*pi/180)*(f-1)
a = 9.81%sin(31*pi/180)*(0.75-1)
a=-1.263
Tolerance: + 0.03789

Part (k) After the crate has begun sliding downwards, the rope is pulled in order to keep the crate moving at a constant velocity. Write a formula for the
the rope in terms of variables from the problem statement together with g for acceleration due to gravity and ug for the coefficient of static friction.

F =m gsin(0) - m g f ng cos(0)

Part (1) Find the force that must be exerted by the rope in order to stop the crate from accelerating as it slides down the inclined surface. Give your answ

F = 9.81*m*sin(0*pi/180)*(1-f)

F = 9.81%91*sin(31*pi/180)*(1-0.75)
F =114.945

Tolerance: + 3.44835

Problem 273 - 5.6.57(sym) :
Full solution not currently available at this time.

A crate of mass m rests on a rough surface inclined at an angle of 6 with the horizontal. A massless rope to which a force can be applied parallel to the
surface is attached to the crate and leads to the top of the incline. In its present state, the crate is just ready to slip and start to move down the plane. The
coefficient of kinetic friction is given by px = fs where ug refers to the coefficient of static friction and fis a constant. For all parts of this problem
consider up the surface to be the positive direction of motion.

Part (a) Write an equation for the coefficient of static friction in terms of variables from the problem statement.

ug = tan(0)

Part (b) Write an equation for the maximum force the rope can exert parallel to the surface of the plane before the crate begins to slide upwards. Give y«
variables from the problem statement together with g for the acceleration due to gravity.

F =2m gsin(0)
Part (c) With a slightly greater applied force than what you found in the previous part, the crate will slide up the plane. Write an equation for the accele

begins to slide upwards. Give your equation in terms of variables from the problem statement together with g for acceleration due to gravity and u for th
friction.

a=gsin(0) - g f ug cos(0)

Part (d) After the crate begins to move, we reduce the force on the rope. Write an equation for the force exerted upwards by the rope at which the movin
and moves at a constant speed. Give your equation in terms of variables from the problem statement together with g for acceleration due to gravity and g,
friction.

F=mgsin(0) + m g f ug cos(0)
Part (e) Consider a case where no force is being exerted by the rope and the crate is at rest. Write an equation for the acceleration of the crate down the |
nudge to get it started. Give your answer in terms of variables from the problem statement together with g for acceleration due to gravity and g for the c«
a =g fugcos(0) - g sin(0)
Part (f) After the crate has begun sliding downwards, the rope is pulled in order to keep the crate moving at a constant velocity. Write a formula for the :
the rope in terms of variables from the problem statement together with g for acceleration due to gravity and u, for the coefficient of static friction.

F=mgsin(0) - m g f ug cos(0)
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Problem 274 - 5.6.58 :

10/1/19, 6:57 PM
Full solution not currently available at this time.

A car is moving at high speed along a highway when the driver makes an emergency braking. The wheels become locked (stop rolling), and the resulting
skid marks are d = 30.1 meters long. The coefficient of kinetic friction between tires and road is 4 = 0.55 and the acceleration was constant during braking.

Part (a) Write an equation for the speed of the car when its wheels became locked using variables from the problem statement. Use g for acceleration du
v=(2gpnd)*s

Part (b) Calculate the speed of the car at the moment that the wheels became locked. Give your answer in
m
5

v = (2*9.81*n*d)*0.5

v = (2%9.81%0.55*%30.1)A0.5
v =18.022

Tolerance: + 0.54066

Problem 275 - 5.6.58(sym) :

Full solution not currently available at this time.

A car is moving at high speed along a highway when the driver makes an emergency braking. The wheels become locked (stop rolling), and the resulting
skid marks have length d. The coefficient of kinetic friction between tires and road is ¢ and the acceleration was constant during braking.

Part (a) Write an equation for the speed of the car when its wheels became locked using variables from the problem statement. Use g for acceleration du
v=(2gnd)"®

Problem 276 - 5.6.59 :

Full solution not currently available at this time.

Two blocks connected by a string are pulled across a horizontal surface by a force applied to one of the blocks, as shown to the right. The

mass of the left block m; = 0.6 kg and the mass of the right block m, = 3.1 kg. The angle between the applied force and the horizontal is
@ = 51°. The coefficient of kinetic friction between the blocks and the surface is u=0.15-Bach block has an acceleration of ;= ; 7 m/s2
to the right.

Part (a) Write an equation for the magnitude of the applied force F acting on the second block. Use variables from the problem statement as well as usin
acceleration.

F=(mja+mya+pum;g+um,g)/(cos(0)+psin(9))

Part (b) Calculate the magnitude of the applied force F. Give your answer in newtons.

F = (my*a+my*a+p*m;*9.81+n*m,*9.81)/(cos(0*pi/180)+u*sin(0*pi/180))

F = (0.6*1.1+3.1*1.14+0.15%0.6%9.81+0.15*3.1*9.81)/(cos(51*pi/180)+0.15*sin(51*pi/180))
F=12.756

Tolerance: + 0.38268

Problem 277 - 5.6.59(sym) :

Full solution not currently available at this time.

Two blocks connected by a string are pulled across a horizontal surface by a force applied to one of the blocks, as shown to the right. As
shown, the mass of the left block is 7 and the mass of the right block is m,. The angle between the string and the horizontal is 6. The
coefficient of kinetic friction between the blocks and the surface is . Each block has an acceleration a to the right.

Part (a) Write an equation for the magnitude of the force exerted by the string. Use variables from the problem statement as well as using g for the gravi
F=(mja+mya+pumgg+pumyg)/(cos(0)+pusin(9))
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Problem 278 - 5.6.60 :
Full solution not currently available at this time.

Two blocks are stacked as shown to the right and rest on a frictionless surface. There is friction between the two blocks (coefficient of )
friction ). An external force is applied to the top block at an angle 6 to the horizontal. F\

Part (a) What is the maximum force F that can be applied for the two blocks to move together? Give your answer in terms of the variables from the prol
to g for gravitational acceleration.

F=pnm; g(my+my)/(mycos(d) - usin@) (m; +my))

Problem 279 - 5.6.61 :
Full solution not currently available at this time.

A car of mass m = 910 kg is traveling along a level road at v = 91 km/h when its brakes are applied. The coefficient of friction of the tires is 4 = 0.41.

Part (a) Neglecting air resistance, write an equation for the stopping distance. Write this equation in terms of the variables in the problem statement tog(
acceleration due to gravity. (Hint: since the distance traveled is of interest rather than the time, x is the desired independent variable and not 7. Use the Ch
variable:

dv dv dx dv

a T dxdar  ar
d=v(2ng)

Part (b) Using the equation you found in part (a), calculate the stopping distance in meters.

d = (v¥10/36)A2/(2*n*9.81)

d = (91%10/36)A2/(2%0.41%9.81)
d=179432

Tolerance: + 2.38296

Problem 280 - 5.6.61(sym) :
Full solution not currently available at this time.

A car of mass m is traveling along a level road at a speed v when its brakes are applied.

Part (a) Neglecting air resistance, write an equation for the stopping distance. Write this equation in terms of the variables in the problem statement tog
acceleration due to gravity and u for the coefficient of kinetic friction for the tires on the road. (Hint: since the distance traveled is of interest rather than t
independent variable and not 7. Use the Chain Rule to change the variable:

dv dv dx dv

@ - Var?
d=v(2ng)

Problem 281 - ¢5.7.1 :
A ball is launched from a cylindrical device that has been set on a frictionless incline and turned loose.
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Part (a) What can be determined about where the ball will land?

First, let's define a coordinate axis where down the ramp is the positive x-direction. Let's now consider the initial velocity of the ball. We don't know the speed wi
the y-direction of our coordinate axis, but we do know that, since the ball is moving with the launcher until it is launched, it will have the same speed in the x-dir
at the moment it is launched. Since both the ball and launcher have the same initial speed in the x-direction, the comparative acceleration of the launcher and the
the ball lands relative to the launcher. If the ball has more acceleration in the x-direction than the launcher, it will land in front of it. If it has equal acceleration in
in the launcher. Finally, if the ball has less acceleration in the x-direction than the launcher, it will land behind it. To figure out the accelerations, let's begin by drz
of the launcher.

Fn

Fglx n

As the only force acting in the x-direction on the launcher is the component of gravity acting in the x-direction, we can write the following equation for the force

Frenn = Fglx

Frert = migsin (6)
We can now apply Newton's Second Law to find the acceleration of the launcher.

Fuen = may

Fnell
mj

= dix

my gsin (6)
—— = dix
m

ayx = gsin (6)

Now that we have an expression for the acceleration of the launcher in the x-direction, let's repeat this process for the ball starting with a free-body diagram.
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Again, the only force acting on the ball in the x-direction is a component of the gravitational force. We can therefore write the following equation:

Fuen = FgZx

Frer = magsin ()
As before, let's apply Newton's Second Law to find an expression for the acceleration.

Fuen = maz

F, net2
— = ayy
ny

mogsin (6) _
my N

2x

axe = gsin (0)
Now, let's compare the acceleration in the x-direction of the launcer and the ball.
aix = gsin(0) = ax

aix = aax

Since the initial velocities and accelerations in the x-direction are both equal, the ball will always be at the same x-position as the launcher, meaning that no matte
launched, it will inevitably land back in the launcher. The correct answer is therefore:

The ball will land back in the cylinder.
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Problem 282 - ¢5.7.2 :
Consider a box sitting in the back of a pickup. The pickup accelerates to the right, and because the bed of the pickup is sticky, the box does not slide around
the truck when this happens.

Part (a) What direction is the force acting on the box due to the truck (choose all that apply)?

Since the box is stuck to the truck bed, it is accelerating to the right together with the truck. So according to Newton's second law, the truck exerts on the box a hc
In addition, the truck bed prevents the box from falling to the ground. Thus the truck also exerts an upward vertical force on the box. The correct choice is "To the

Problem 283 - ¢5.7.2 (alt) :
Consider a box sitting in the back of a pickup. The pickup accelerates to the right, and because the bed of the pickup is sticky, the box does not slide around
the truck when this happens.

Part (a) What direction is the force acting on the box due to the truck (choose all that apply)?

Since the box is stuck to the truck bed, it is accelerating to the right together with the truck. So according to Newton's second law, the truck exerts on the box a hc
In addition, the truck bed prevents the box from falling to the ground. Thus the truck also exerts an upward vertical force on the box. The correct choice is "To the

Part (b) Identify the forces acting on the box (select all that apply).
Let's imagine a free-body diagram for the box and consider all the forces acting on the box.
The only long-range force acting on the box is the gravitational force of Earth pulling the box downward.
Then there are the contact forces on the box:
There is the normal force of the truck's bed, which balances Earth's pull and keeps the box from falling to the ground.

There is also the horizontal force of static friction between the truck's bed and the box. That is the force accelerating the box to the right. The friction is not kineti
sliding around the truck.

The correct choice is "Normal Force, Static Friction, Gravitational Force".

Problem 284 - ¢5.7.3 :
Full solution not currently available at this time.

Consider a problem involving forces.
Part (a) When analyzing a particular object, what forces should be included in the free-body diagram?
The forces acting on the object

Part (b) Which of Newton’s laws should be applied to a free-body diagram in order to calculate the object’s acceleration?

Newton's second law

Problem 285 - ¢5.7.4 :
Full solution not currently available at this time.

A clam is dropped from the mouth of a seagull and falls to the ground.

Part (a) How many forces should be included in the free-body diagram of the falling clam if we neglect air resistance?

1

Part (b) How many forces should be included in the free-body diagram of the falling clam if we do not neglect air resistance?

2

Problem 286 - 5.7.1 (iFBD) :
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A spring with a spring constant of £ = 780 N/m 1s initially
compressed by a block a distance d = 0.32 m. The block is oriented horizontally

and has a mass of m = 6 kg. ~<—— Unstretched Length ——>

Randomized Variables

~d—>

k=180 N/m X
d=0.32m , .
m=6kg l

Part (a) Assuming the block is moving to the right, input an expression for the sum of the forces in the x-direction in the configuration shown
above, using the variables provided.

Expression

IF,=

Select from the variables below to write your expression. Note that all variables may not be required.
o, B.pg 6.a.d. g hijkmPSt

Part (b) Using ; to represent the coefficient of static friction, how large would z; need to be to keep the block from moving?
Numeric : A numeric value is expected and not an expression.
Hs =

Part (c) Assuming the block has just begun to move and the coefficient of kinetic friction is = 0.2, what is the block's acceleration in m/s2?
Numeric : A numeric value is expected and not an expression.
a=

a) 4$$uwwj fe blocke s Mwnhj,(!» fe ngat ), af the amomntd Shom M #Ha 14']0«
fu fros ane [2‘!;’, = Kd ~u

b) Zf‘{(:ké’g =0 — KJ:FSS/{@Mj‘Mj.Z;:—;'

4 wxim}M,glus,": Olcﬂﬂ

) From . _ d :
e port ) kd /‘/‘K"j:MQ—-—v ot:—;,(—,r-/mkj’ a?'?lg,tfm/;a

Problem 287 - 5.7.1 (alt) :
A spring with a spring constant of £ = 780 N/m is initially
compressed by a block a distance 7= 0.32 m. The block is oriented horizontally

and has a mass of m = 6 kg. <—— Unstretched Length ——>1

Randomized Variables

~d -

k=180 N/m X
d=0.32m F 9
m=06kg i

Part (a) Assuming the block is moving to the right, input an expression for the sum of the forces in the x-direction in the configuration shown
above, using the variables provided.

Expression

IF,=

Select from the variables below to write your expression. Note that all variables may not be required.
o B, pg0.a.d g hijkmPSt

Part (b) Using s to represent the coefficient of static friction, how large would z; need to be to keep the block from moving?
Numeric : A numeric value is expected and not an expression.
Hs=

Part (c) Assuming the block has just begun to move and the coefficient of kinetic friction is 3 = 0.2, what is the block's acceleration in m/s??

Numeric : A numeric value is expected and not an expression.
a=
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a) 4$$uml"] o block s "”Wlhj,(lv fte n'jlaf ), af the momend Showm M Hh 'A:']U/Y
fu faros an 2'!-; = Kd g

b)[ﬁ:ké—g =0 — KJ:éf//gMj‘MjZ;E;_

H poxiv M, {"”9: 2,979

<) Fror ?.r-l— a, k{

- _ xd -
AR EMA = A= m Mg a6y g2

Problem 288 - 5.7.1 :

A spring with a spring constant of k = /50 N/m is initially compressed by a block a distance d = 0.2] m from its unstretched length.
The block is on a horizontal surface with coefficients of static and kinetic friction pg and p, and has a mass of m = 2 kg. Refer to the
figure. ~—— Unstretched Length

Part (a) The block is released from the initial position and begins to move to the right. Enter an expression for the sum of the forces in the x-direction in
above, in terms of defined quantities and g.

The forces in the x-direction include the restoring force of the spring (pointing right) and the kinetic friction force (pointing left). Therefore,
D F=F-F)N

where F; is the force from the spring in N and Fy is the kinetic friction force. Both of these force can be expressed by the equations
Fy =kd

Fi = uFn
where k is the spring constant in N/m, d is the distance in m, y is the coefficient of kinetic friction, and Fy is the normal force. In this case, the normal force is
Fy =mg

since it is on a horizontal surface (m is mass in kg and g is the acceleration of gravity in m/s). Substituting everything in,

Y Fo = kNm) - (dm) - s - (mkg) - (g m/s?)

ZF = (kd — pmg) N

Part (b) Calculate the smallest value for the coefficient of static friction pg that would keep the block from moving.

To keep it from moving, the forces in the x-direction would be the restoring force of the spring (pointing right) and the static friction force (pointing left). Therefc

Y Fe=F,—F=0N
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where F; is the force from the spring in N and Fy is the static friction force. Both of these force can be expressed by the equations
Fs =kd
Fy <= usFn

where k is the spring constant in N/m, d is the distance in m, g is the coefficient of static friction, and Fy is the normal force. In this case, the normal force is
Fy =mg

since it is on a horizontal surface (m is mass in kg and g is the acceleration of gravity in m/s?). For the static friction to just keep the block from moving, the prev
an equality. Substituting everything in,

ZFx=k~d—/45~m~g=0

_
Hs = mg

Plugging in numbers and converting units as needed,

(150 N/m - 0.21 m)
o (kg 981 mis)

ps = 1.606

Part (c) Assuming the block has just begun to move and the coefficient of kinetic friction is ) = 0.2, what is the block's acceleration in meters per seconc

From part a,

Zszk.d_ﬂk.m.g:mg

d
a=k = — -
m M8
Plugging in numbers and converting units as needed,

_ (150 N/m - 0.21 m)

—0.2-9.81 m/s®
(2kg)

a = 13.788 m/s®

Problem 289 - 5.7.2 :
A chandelier hangs 4 = 0.52 m down from two chains of equal length. The chains are separated from one another by a length L =

0.25 m at the ceiling. The chandelier has a mass of m = 11 kg. |-———

Randomized Variables

h=052m !\
L=025m A
m=11kg
X
’)', é
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Part (a) Choose the correct Free Body Diagram given the gravitational force, F oo the force exerted by the chains, F, and the normal force, Fy.

The gravitational force points straight down and each chain has a force pointing along the chain from the chandelier to the ceiling at the angle depicted. Only one
this.

Part (b) What is the angle, 6 in degrees, between one of the chains and the vertical where it contacts the chandelier?

Using the triangle shown below,

Ll

B

we have
tan (0) = @
h
Therefore

L
0 = arctan (2_h>

where L is the separation length in m and h is the hanging distance in m. Plugging in numbers and converting numbers as needed,

2
9=arclan< 0.25m )

(2-0.52m)

6 = 13.523 deg

Part (c) Write an expression for Fr,,, the magnitude of the y-component of the tension in one chain, in terms of the given information and variables avai

In the y-direction, there is the force of gravity and the y-components of both chains, which are equal. Therefore,

ZF)' = Fepaint + Fehain2 — Fg = 2FT,y — g = 2FT,y —mg = 0

1

Fry=> -(mkg) - (g m/s*)
Fry = +mgN

Ty = 2mg

Part (d) Using your previous results, find the tension, F7 in Newtons, in one chain.

Using the triangle in the image below,

Fry F;

the y-component of the tension is related to the total force by the expression
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Fry = Frcos (6)

So

F
Fr=—2

mg

cos(0) 2cos (arctan (ﬁ))

Plugging in numbers and converting units as needed,

(11kg-9.81 m/s?)
Fr =
<2 - cos <arctan (%)))

Fr =55492N

Problem 290 - 5.7.3 :

Two blocks are connected by a massless rope. The rope passes over an ideal (frictionless and massless) pulley such that one block

with mass my = 11 kg is on a horizontal table and the other block with mass m, = 5.5 kg hangs vertically. Both blocks experience
gravity and the tension force, 7. Use the coordinate system specified in the diagram.

Part (a) Assuming friction forces are negligible, write an expression, using only the variables provided, for the acceleration that the block of mass m; exg
Your answer should involve the tension, 7.

Let's begin by drawing a free-body diagram of the first block.
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o

"]

As we can see, the only force acting on the block in the x-direction is the force of tension. We can now use Newton's Second Law to find the acceleration in the x

10/1/19, 6:57 PM

F =ma
T=ma
T
—=a
m

T
a) = —

my

Part (b) Under the same assumptions, write an expression for the acceleration, a,, the block of mass m, experiences in the y-direction. Your answer shou
tension, T and m,.

Let's begin by drawing a free-body diagram of the second block.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 230 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

This block experiences a force of tension acting in the positive y-direction and a force of gravity acting in the negative y-direction. We can therefore write the fol
net force on this block in the y-direction:

Fnei,y=T_Fg2

Fnel,y =T- mg

Now that we have an expression for the net force in the y-direction, we can use Newton's Second Law to find an expression for its acceleration in the y-direction.

F =ma
Fnet,y =ma
T —myg =ma

T —myg p
%

Part (c) Carefully consider how the accelerations a; and a, are related. Solve for the magnitude of the acceleration, ay, of the block of mass m, in meter:

To begin, let's consider the physics of this problem. Since the second block is connected to the first by a taut rope, it isn't possible for the second block to fall fast
to the right. This means that the acceleration of the first block in the positive x-direction must be equal to the acceleration of the second block in the negative y-di
let's restate the expressions we found in parts (a) and (b) using —a; in place of a» in our answer from part (b).

T
a = —
m
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T —myg
—a = ——=
nma

To solve for the acceleration, let's begin by rewriting the equation for the first block such that we get an expression for tension.

T
ay = —
mi

aym =T

Now, we can use the expression we just found to eliminate the tension term from the second block's equation so that we can solve for ¢; in terms of known varial

T —myg
—a = ——=
nmy
amy —mg
—a4y = —=2
)

—aymy = aym; —nmg

—aymy —aym = —npg

aymy +aimy = nng

ay (my +my) = mpg

myg
a = ——
my + my
_ 55kg -9.8m/s’
A= 55kg + 11 kg
ap = 3.267 m/s?

Part (d) Find the magnitude of the tension in the rope, 7, in newtons.

To find a value for the tension of the rope, we can start with our equation from part (a) and then substitute in our answer from part (c) for the acceleration.

T
a = —
mi

aim =T

m.
(e ) =7
my + my

mnpg
my +m
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p_ 1lke -55ke -9.8 m/s
B 55kg + 11kg
T =35933N

Problem 291 -5.74 :

A block with mass m; = 7.1 kg rests on the surface of a horizontal table which has a coefficient of kinetic friction of u; = 0.51. A
second block with a mass m, = 8.1 kg is connected to the first by an ideal pulley system such that the second block is hanging
vertically. The second block is released and motion occurs.

Part (a) Using the variable T to represent tension, write an expression for the sum of the forces in the y-direction, XFy, for block 2.
To begin, let's draw a free-body diagram for block 2.

5,

We see that there are two forces acting on this block in the y-direction; a force of tension acting in the positive y-direction and a force of gravity acting in the neg
information, we can write an expression for the net force in the y-direction.

SF =T-Fgp
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IFy =T —mg

Part (b) Using the variable T to represent tension, write an expression for the sum of the forces in the x direction, XF for block 1.

Let's begin by drawing a free-body diagram of block 1.

\

In the x-direction, we see that friction is exerting a negative force and tension is exerting a positive force. Let's write an expression for the sum of forces in the x-
XF=T-Ff

To get this equation in terms of our known variables, we will need to find an expression for the force of friction. This means that we will need to find the normal 1
the net force must be zero as the block will not experience any vertical motion. This information allows us to write an equation for the forces in the y-direction th
normal force.

XF, =Fy - F,
0=Fy—mg
mg = Fy

Now that we have an expression for the normal force, we can rewrite the force of friction in our equation for the force in the x-direction using this expression tog
of kinetic friction.

SF, =T — wFy

XFy =T — pum g

Part (c) Write an expression for the magnitude of the acceleration of block 2, a,, in terms of the acceleration of block 1, a;. (Assume the cable connectiny

If the cable is ideal, then it will not stretch any further as the two blocks move. This means that block two cannot fall faster than block one moves to the right. As
which block 2 accelerates downwards must be equal to the rate at which block 1 accelerates to the right. Taking our signs into account, this means that the accele
equal to the negative value of block one's acceleration. Since the only difference is the sign, the magnitudes of these two accelerations are equal allowing us to st

a = a
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T — pmi1g = ma;

T — pmi g
L -mmg _
m

Now, let's repeat this process for block two.

T —mg=ma

T —myg
- RS
ny

two accelerations as:
a = —dai
Next, let's restate the acceleration of block two in terms of aj .

T —myg
g
my

mg—T _ .
my

T — ppm1 g g — T

m mp

T _ Hmg g T

m mp my my

T T
el [Tl et

my my

LN B

P s =8+ k8

Tmy Tm

Tt S 1

s ¥ g+ 1)

Tmy + Tmyp

AT 1
. gGu+ 1)
my +mp

T|—— ) = 1
< p— > glu+ 1)

_ mumag i+ 1)

mp + my
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Part (d) Write an expression using the variables provided for the magnitude of the tension force, 7.

‘We now have two expressions for a; . We can set these equal to one another to find an expression for the force of tension.

10/1/19, 6:57 PM

To begin, let's use Newton's Second Law to find expressions for the acceleration of each block using our results from part (a) and (b). For block one, we get:

Looking at our results from part (c), we can note that the magnitudes of the two accelerations is equal. Taking into account the signs present, however, we can sta
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Part (e) What is the tension, T in Newtons?
Here, we simply need to solve the expression that we found in part (d) for the tension.

_ mumag (i + 1)
- mp + my

_ 7.1kg -8.1kg -9.81m/s” - (0.51 +1)

T 7.1kg +8.1kg

T =56.046 N

Problem 292 - 5.7.5 :
A block with mass m; = 5.5 kg rests on the surface of a horizontal table which has a coefficient of static friction of 1, = 0.51. This block is connected by a
pulley system to another block which hangs vertically. The hanging block has mass m,.

Part (a) What is the minimum mass, m; ;,, in kilograms, that will cause the system to move?

To begin, let's draw free-body diagrams for both blocks.

Fr 6&&=— m1 p—2T

First, we'll look at the conditions for the first block moving. The block will begin to experience horizontal motion when the force of tension is barely above the m
friction. This gives us the following equation:
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T=Ff

T:ﬂSFN

To get the tension in terms of known variables, we need to find an expression for the normal force. Since block one will not experience any vertical motion, the n
gravitational force must be balanced.

Fy = Fq

Fn =mg
Plugging this into our expression for tension, we get:
T = psmig

Now that we know the tension required to move the first block, let's look at the second block. The second block experiences a force of tension upwards and a gra'
That means that the block will begin to move when the weight of the block is barely greater than the force of tension. This gives us the following condition for th
move the block:

Fo=T

M2 ming = UsM1§

M2 min = HsM]

Mamin = 0.51 - 5.5 kg

Mamin = 2.805 kg

Part (b) A second block with mass of 10 kg is placed on top of the first block. What is the new hanging mass, m; 1,iy,'; in kilograms, that will cause the sys

As compared to part (a), all that has really changed is that the the mass of block one has functionally increased. As such, we can use our result from part (a) while
additional mass.

M2 min' = Hs mll

Mamiw = 0.51 - (5.5kg + 10kg)

M2 min' = 7.905 kg

Part (¢) The table is inclined at an angle, 6, relative to the horizontal in such a way that the pulley is at the highest point and the 10 kg is removed from =
the magnitude of the normal force, Fy, of the block.

Let's draw a new free body diagram for block one for the case where the table is inclined.
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Using an x-y axis such that x is parallel to the surface of the table and y is perpendicular, we see that the net force in the y-direction must be zero. We can therefo
expression for the net force in the y-direction.
F)',net = FN - Fgl)'

0 = Fy — mygcos (6)

—Fn = —mygcos (0)

Fn = mjgcos (0)

Part (d) Write an equation for the tension, 7', in terms of mass m; just before the block begins to slide. Note that the angle 0 is not so large that the block
under its own weight (i.e. if the tension acting on mass m; were removed, the block would remain stationary based on the friction between the block and t}

Let's begin by examining a free-body diagram for block one on the inclined table.

Fn

There are three forces acting on the block in the x-direction we have assigned: a force of friction acting in the negative direction, a component of the gravitationa
negative direction, and a force of tension acting in the positive direction. The block will begin to slide when the force of tension overcomes the two forces in the |
gives us the following equation for the condition of motion:

T =Fr+ Foix
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T = usFn + migsin (0)

Now, let's substitute the expression that we found in part (c) for the normal force.

T = psmygcos () + mygsin (6)

Part (e) Write an equation for the minimum mass m, necessary for the block to slide when the table is inclined.

Let's draw a free-body diagram for block two.

We see that there are only two forces acting on the block, a force of tension in the positive y-direction and a force of gravity in the negative y-direction. For the b
force of gravity must surpass the force of tension. The condition for the block to begin moving is therefore:

Fo=T

myg =T

‘We found an expression for the minimum value of tension for block one to begin moving in part (d). We can plug this in for tension to find an expression for the 1
the system begins to move.

mpg = psmigeos (0) + migsin (0)

my = usmicos (0) + mysin ()

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 239 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Part (f) How is the minimum mass m, for the inclined table different from that for the horizontal table considered in part (a)?

Intuitively, it seems like the minimum mass of block two would be higher in the case where the table was inclined, as the weight of block two would have to drag
rather than just horizontally. To check this, let's look at the results of our equation from part (d) in the two extreme cases where 0 is equal to 0° and 90°.

my = pgmycos (0°) + mysin (0°) my = psmicos (90°) + mysin (90°)

Hsm = m

In the case that @ = 0°, we see that the results are the same as they were in part (a). In the case that @ = 90° we see that the mass of the second block must be hig
of static friction is greater than one. As the coefficient of static friction is 0.51 in our case, we see that the required mass of block two is greater when 8 = 90°. A
between 0° and 90°, we know that mass two must be greater than it was in part (a). This means that mass two must be greater for the inclined table than it was fo
answer is therefore:

It is greater for the inclined table.

Problem 293 -5.7.6 :

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

A man is attempting to lift a crate using a two part pulley system

as shown in the image. The crate has mass 7, = 90 kg, and the man has m; =75 Y

kg. He pulls downward on the rope with a force of magnitude F = 659 N. -
Randomized Variables Fl
mr=90kg

F=659N

X

Part (a) Using 7 to describe the magnitude of the tension force, write an expression for the sum of the forces in the y-direction acting on the
crate in terms of gravity and the variables provided.

Expression

LF,=

Select from the variables below to write your expression. Note that all variables may not be required.
o B.m.p.6.abcdFghijkm.mPST

Part (b) Using the results from above, write an expression for the crate's vertical acceleration, @, in terms of 7.

Expression
a.=

Select from the variables below to write your expression. Note that all variables may not be required.
o p.mp.6.abcdFghijkm,mPST

Part (c) What is the magnitude of the tension force, 7 in newtons?
Numeric : A numeric value is expected and not an expression.
T=

. . . 2
Part (d) What is the block's acceleration, a,, in m/s=?
Numeric : A numeric value is expected and not an expression.
a.=

TT
) TlT TF = 2T~ Mg | <™,
F
-
b Th=ma, — o = 3w, 73
Hu mp w'hq ng(a. F:, Sa

(_) ﬂ\' mMan 9 “«'
. (7= Ef‘f vl

:\;L" 4,83 m/s2

d’)\a‘}"; ﬂ\‘ }.@nﬁo/\ N ﬂ‘l
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Problem 294 - 5.7.6 (alt) :
A man is attempting to lift a crate using a two part pulley system s
as shown in the image. The crate has mass 1, = 90 kg, and the man has n; = 75 y

kg. He pulls downward on the rope with a force of magnitude F = 659 N.

Randomized Variables

my=90kg
F=659N

X

Part (a) Using 7 to describe the magnitude of the tension force, write an expression for the sum of the forces in the y-direction acting on the
crate in terms of gravity and the variables provided.

Expression

TF,=

Select from the variables below to write your expression. Note that all variables may not be required.
op.mp.6.abcdFghijkm.mPST

Part (b) Using the results from above, write an expression for the crate's vertical acceleration, @, in terms of 7.
Expression :
a.=

Select from the variables below to write your expression. Note that all variables may not be required.
o p.mp.0.abcdFghijkm.mPST

Part (c) What is the magnitude of the tension force, 7 in newtons?
Numeric : A numeric value is expected and not an expression.
T =

. - . 2
Part (d) What is the block's acceleration, a,, in m/s*?
Numeric : A numeric value is expected and not an expression.
a.=

) f1 TR = 2T~ My | <M,

-

) 55 "Wl 7 a = A, ~
= s )Lejfa/\a ﬂ‘l

Q) The man i v wp ' a foce f’)Sa ']’hah’ﬂ\- ’ ’

o O&Z?@

Problem 295 -5.7.8 :

A block of mass m = 110 kg rests against a spring with a spring constant of k = 570 N/m on an inclined plane which makes an angle
of 6 degrees with the horizontal. Assume the spring has been compressed a distance d from its neutral position. Refer to the figure.

e\

S0

Part (a) Set your coordinates to have the x-axis along the surface of the plane, with up the plane as positive, and the y-axis normal to the plane, with out |
Enter an expression for the normal force, Fy, that the plane exerts on the block (in the y-direction) in terms of defined quantities and g.

First, let's look at a free-body diagram of the problem.
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Fn

As you can see, the force of gravity can be decomposed using trigonometry into a pair of forces, one in the x-direction and one in the y-direction of the coordinat
Now, let's consider the physics for a moment. The gravitational force in the y-direction is trying to pull the block through the ramp. In order for the block not to s
must exert a normal force that counteracts the force of gravity on the block in the y-direction. Therefore, we know that the normal force is equal to the y-compon
force.

Fn = Fycos ()

Fy = mgcos (0)

Part (b) Denoting the coefficient of static friction by ug, write an expression for the sum of the forces in the x-direction just before the block begins to slid
defined quantities and g in your expression

Let's look at a free-body diagram of the box.

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 242 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Fn

As we see, the force of gravity can be decomposed into two forces that align with the coordinate plane we have defined for this problem. We will need to include
acting in the x-direction as one of the forces acting on the block in the x-direction. We can also see that the forces of friction and gravity are acting on the block i1
that up the plane is positive and down the plane is negative according to our coordinate axis, we can sum the forces in the x-direction as

XF, = Fy — Fy — Fgsin(0)

Now, we will want to simplify these forces. We know that gravitational force is mass times the gravitational constant, the force of a spring is the spring constant t
maximum force of static friction is the gravitational constant multiplied by the normal force (which we found in the previous part of this problem). Since we are |
before it moves, static friction will be acting with its maximum possible force. With all this in mind, let's now write the sum of forces in terms of our permitted v:

XF, = kd — usmgcos (6) — mgsin (6)

Part (c¢) Assuming the plane is frictionless, what is the minimum angle in degrees the inclined plan can make before the block will move if the spring is cc

In part (b), we found an equation for the forces on the block just before it begins to move. By plugging values into that equation and solving for the angle when tt
can find the angle just before the block begins to move. Recall, however, that we are assuming that the plane is frictionless for this part of the problem, meaning t
will be zero in our equation.

XFy = kd — pusmgcos (0) — mgsin (0)

0 = kd — 0 — mgsin (0)

mgsin (0) = kd

sin (0) = }];—L;
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0 = arcsin (ﬁ)
mg

. < 510N/m - 0.1 m )
6 = arcsin

110kg - 9.81m/s >

0=271°

Part (d) Assuming 6 = 45 degrees and the surface is frictionless, how far will the spring be compressed, d in meters?

For this problem, we will want to use the same strategy we did in part (c), except this time instead of plugging in a value for distance and assuming zero net force
angle and assuming zero net force. As in part (c), we will once again begin with the equation for forces in the x-direction that we found in part (b) and are also as
plane is frictionless.

XF, = kd — usmgcos (6) — mgsin (6)
0 = kd — 0 — mgsin (0)
—kd = —mgsin (0)

mgsin (6)

d= 3

, Mokg 981 m/s 2 - sin (45°)
- 510 N/m

d =149 m

Problem 296 - 5.7.8 (alt) :
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Problem 1: A block of mass m = 260 kg rests against a spring with a spring

constant of k= 905 N/m on an inclined plane which makes an angle of 8

degrees with the horizontal. Assume the spring has been compressed a distance g

d from i cal position. Refer to the figur \
om its neutral position. Refer to the figure. \ R

S0

Otheexpertta.com

Part (a) Set your coordinates to have the x-axis along the surface of the plane. with up the plane as positive. and the y-axis normal to the
plane. with out of the plane as positive. Enter an expression for the normal force. Fy. that the plane exerts on the block (in the y-direction) in
terms of defined quantities and g.

Expression :

Fy=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(8). sin(a). sin(e). sin(8). a. . ps. 6. d. g. k. m. t

Part (b) Denoting the coefficient of static friction by ug. write an expression for the sum of the forces in the x-direction just before the block
begins to slide up the inclined plane. Use defined quantities and g in your expression
Expression :

IF=

Select from the variables below to write your expression. Note that all variables may not be required.
cos(a). cos(@). cos(8). sin(a). sin(¢). sin(0). a. . ps. 6. d. g. k. m. t

Part () Assuming the plane is frictionless. what is the minimum angle in degrees the inclined plan can make before the block will move if
the spring is compressed by 0.1 m?

Numeric : A numeric value is expected and not an expression.

6=

Part (d) Assuming 8 = 45 degrees and the surface is frictionless. how far will the spring be compressed. d in meters?
Numeric : A numeric value is expected and not an expression.
d=

F
o\\ lv,\ Fs ("]V‘"“"‘] &‘c""ﬂf“[ 6(‘&5)

5 K Z’F;FMFMS(osQ:OI EV:/“'jfosg
e prig -
Fy
b) Asume shie fichon is doen the rarp.
2‘6 = FS —-/l; -—5)‘ = kd -@ -mjsme =0

T f s S meymumn waloe ve have fZFx = Kd ”/‘Asmjw’g"jsmg

c) ;_',szkcl—wjfme=o —= r(»f)Q:';‘-;i '
{

(50 assuming shinary)

mesin G

Problem 297 - 5.7.10 :
A spider of mass 7_75 x 10-5 kg hangs motionless from its web. Refer to the figures.
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(a)

Part (a) Calculate the tension, in newtons, in a vertical strand of its web assuming the spider is only holding onto a single strand (see figure (a) ).

Let's draw a free-body diagram.

T1
A

Since the spider is stationary, the forces must be balanced in the y-direction. This means that the force of tension must be equal to the force of gravity. This allow
equation to solve for the force of tension:

T=1775-10"kg - 9.8 m/s?

T = 0.0007595 N

Part (b) The spider selects a horizontal strand of web and sits in its middle, causing it to sag at an angle of 12° below the horizontal at each end, and rem:
figure (b)). Calculate the tension in the strand, in newtons.

Before we draw a free-body diagram, let's consider whether the force of tension will be the same on either side of the spider. Since the spider does not move left ¢
of tension to the left and right of the spider must be equal. However, since both threads make the same angle below the horizontal, the only way the horizontal foi
the spider experiences the same force of tension from both sides. With this in mind, let's draw a free-body diagram.
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Fe

Since the spider is stationary, the downward force of gravity must be balanced by the upward forces of tension from the parts of the web to the left and right of th
set up the following equation:

2Ty, = Fy

2Tysin (12°) = mg

=8
27 2sin(12°)

_7.75-10 kg -9.8m/s?
*T 2sin (12°)

T = 0.001826 N

Problem 298 - 5.7.11 :
Suppose a 60.0-kg gymnast climbs a rope. (a) What is the tension in the rope if he

climbs at a constant speed? (b) What is the tension in the rope if he accelerates

upward at a rate of 1.50 m/s*>?

Solution (a) net F =T —mg =ma =0 (a = 0if constant speed)
T = mg = (60.0kg)(9.80m/s*) = 588N

(b) net F =T —mg =ma
T =m(g+a) = (60.0kg)(9.80m/s* +1.50m/s*) = 678N

Problem 299 - 5.7.12 :

T
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Newtons (N)
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w

Consider the baby being weighed in the figure . (a) What is the mass of the child and
basket if a scale reading of 55 N is observed? (b) What is the tension T, in the cord
attaching the baby to the scale? (c) What is the tension I, in the cord attaching the
scale to the ceiling, if the scale has a mass of 0.500 kg? (d) Draw a sketch of the

situation indicating the system of interest used to solve each part. The masses of the
cords are negligible.

i 55
Solution (a) — N _5.6ke
9.80m/s”
(b) 55N

(c) T, =T, + mg = 55 N +(0.500 kg)(9.80 /s> ) = 60 N

(d) part (3) part (b) part (c)

T
I

Problem 300 - 5.7.13 :
A 65 kg man is being pulled away from a burning building as shown in the figure.

Randomized Variables

m=65kg
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Part (a) Calculate the tension T on the left side of the rope, in newtons, if the man is in static equilibrium.
This problem involves the application of a free body diagram and Newton's second law in two dimensions.
In this part, we are asked to find the tension, 7 , in one of two ropes supporting a person in equilibrium. The person is subject to a total of three forces.

The solution involves 3 steps:

o resolving the forces on the person into their x and y components
e using a free body diagram and Newton's second law to determine the equations for equilibrium

e combining the equations for equilibrium to solve for 7

Resolving Forces

Let's take the +y direction upward, along the vertical, and the +x direction to the right, along the horizontal. Then, our three forces can be written in terms of the

-

T, = —Tisin (91) i+ Ticos (91)j

T>

Trcos (6h) i+ Tasin (62)

w = —mgj

where 81 = 15° and 6, = 20°.
Determining the Equations for Equilibrium

Because the person is in equilibrium, there is no acceleration. Hence, from Newton's second law, we know that the sum of the forces in each the x and y directior

YFy = =Tisin(01) + Trcos (62) =0

SF,

Ticos (01) + Tasin(62) —mg =0

Solving for T}

While neither of the equations for equilibrium will give us 77 individually, we can combine them to determine 77 . (That is, have two equations that share two un
means we can use the equations together to determine each unknown!)

Let's rearrange the first equation to solve for 75,

_ sin (6h)
h=h (cos (92))

Now, let's use this result in the second equation,
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sin (61)
cos (6h)

Ticos (0)) + <T1< >>sin(02)—mg=0

Factoring out 77 and switching the sines,

sin (62)
cos (6»)

Ty (cos 61) + < ) sin (91)> -mg=0

T1 (cos (61) + tan (6») sin (01)) —mg =0

Solving for 77,

- mg
~ (cos (61) + tan (6>) sin (61))

T
Let's evaluate the result!

(65 kg) (9.81 m/s?)
(cos ((15°) (1&=)) + 1an ((20°) (&) ) sin ((15°) (1&5)))

=601.484 N

T1 = 601.484 N

Part (b) Calculate the tension T, on the right side of the rope, in newtons, if the man is in static equilibrium.

In this part, we are asked to find the tension, 77 , in the second rope.

Using our equations for equilibrium,
XF, = =Tisin (01) + Tacos (62) =0

XFy = Ticos (6h) + Tasin(62) —mg =0

where 81 = 15° and 8, = 20°, we can use the first to solve for 75,

_ sin (61)
=T (cas (02))

To avoid rounding errors, let's use the expression we found for 7 in Part (a) rather than the numerical value,

_ mg sin (61)
2= (arrmarmon) oa)

Now, we can calculate the tension in the second rope!

(65 kg) (9.81 m/s?) ] [sin ((15%) ( 1;’00))]
)

T =
? [(cos ((15°) (1&5) ) + tan ((20°) (125) ) sin ((15°) (7o cos (20°) (755))

= 165.666 N

T> = 165.666 N

Note that the second rope supports less of the person's weight than the first. Ask yourself: Does this make sense, based on the orientation of the ropes?

Problem 301 -5.7.15 :
When starting a foot race, a 6.5 kg sprinter exerts an average force of 625 N backward on the ground for 0.55 s.
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Randomized Variables

m=61.5kg
f=625N
t=055s

Part (a) What is his final speed in m/s?

Newton's Third Law tells us that when the runner's foot pushes backwards on the ground, the ground exerts an equal and opposite force pushing forward to prope
information, we can use Newton's Second Law to find the acceleration of the runner.

F =ma
=a

F
m

Now that we have an expression for the runner's acceleration, we can use a basic kinematic equation to find their final speed.

v =at
F
v = (—)t
m
625 N
= 6l5Kke ke 0.55
v = 5.589 m/s

Part (b) How far does he travel in meters?

To solve part (a), we had to find an expression for the acceleration of the sprinter. Because of this, we know the acceleration of the runner, that he has no initial ve
are timing him. With this information we can set up the following kinematic equation:

=
|

z+1 12
=WV —da
0iT 2

_ 625N ,
Y= 3615k O

x=1.537m

Problem 302 - 5.7.16 :
A large rocket has a mass of j 75 x 106 kg at takeoff, and its engines produce a thrust of 3 5 x 107 N .

Part (a) Find its initial acceleration, in meters per second squared, if it takes off vertically. Take up to be positive.

Let's begin by drawing a free-body diagram of the rocket.
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T
l

To find the acceleration of the rocket, we must first find the net force acting on it. The net force is given by:

10/1/19, 6:57 PM

Fnet:Ft_Fg

Fnet:FZ_mg

Now that we have an expression for the net force, we can use Newton's Second Law to find the acceleration of the rocket.

Foet = ma
Fnet
=a
m
F; —mg
=a
m

_35-10'N - 1.75-10°kg - 9.8 m/s*
1.75 - 10° kg

a

a=102m/s?

Part (b) How long, in seconds, does it take to reach a velocity of 120 km/h straight up, assuming constant mass and thrust?

First, let's convert 120 kilometers per hour to meters per second.

1000m 60min 60 3600
120 km/h - == 1 Tomin ‘(120' 1000) m/s

Now that we have found an expression for the velocity we are looking for, let's try to find a kinematic equation to solve for time. As we found the rocket's acceler
the acceleration of the rocket, that it has an initial velocity of zero, and what the final velocity we want is. With this information, we can set up the following kine

v =V +at

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 253 of 282



The Expert TA | Human-like Grading, Automated! 10/1/19, 6:57 PM

Fi—m
Vf=0+(tTg>t
vFm
F,—mg_

(120 382) m/s - 1.75 - 10° kg

r= 7 3 2
35-10°'N —1.75-10° kg - 9.8 m/s

t=3.268s

Problem 303 - 5.7.18 :
A 2.1 kg fireworks shell is fired straight up from a mortar and reaches a height of 702 m. In this problem, take the upwards direction to be positive.

Part (a) Neglecting air resistance (a poor assumption, but we will make it for this example), calculate the magnitude of the shell’s velocity when it leaves

To find the velocity of the shell when it leaves the mortar, we will need to set up a kinematic equation. We know how far the shell travels, that the shell experienc
due to gravity, and has a final velocity of zero when it reaches its highest point. We can therefore use the following kinematic equation to find the initial velocity:

v%zv(2)+2ad
0= —2gh
2gh =12

\/2¢h =w

Vo =v2-9.8m/s?- 102

vo = 44.712 m/s

Part (b) The mortar itself is a tube 0.425 m long. Calculate the average acceleration of the shell in the tube as it goes from zero to the velocity found in p

The average acceleration in the tube can be found by assuming that the acceleration of the shell in the tube is constant. To find this acceleration, we will need to s
equation. For the shell in the tube, we know that the initial velocity will be zero, that the distance traveled will be the length of the tube, and that the final velocity
answer from part (a). We can now set up the following kinematic equation to solve for the acceleration:

v%=v3+2ad

(\2gh)’ = 0* + 2aL

2gh = 2alL
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gh

I3 =da
_98m/s?-102m
- 0.425 m

a=2352m/s?

Part (c) What is the average force on the shell in the mortar? Express your answer in newtons.

To find the average force on the shell, we can use Newton's Second Law together with our results from part (b).

F =ma
—
F—m(L>
_mgh
F_L

p_ 2lkg -98m/s?-102m
B 0.425m

F =49392 N

Problem 304 - 5.7.19 :
A 2.1-kg fireworks shell is fired at an angle 74° from the vertical from a mortar and reaches a height of 3/ m. Take the upward direction to be positive for
this problem.

Randomized Variables

m=2.1kg
h=31Im
[=0425m
a=14°

Part (a) Neglecting air resistance (a poor assumption, but we will make it for this problem), calculate the shell’s speed, in meters per second, when it leav

Using the equations of kinematics and our understanding of projectile motion, we can solve this problem. At the maximum height /, the vertical component of th
instantaneously zero m/s. Thus, we use the following kinematic equation, where the acceleration is that due to gravity, g.

v =v%y —-2gh=0
Solve for vy .

%

, = 2gh

Voy = 1/2gh

Before we complete the solution, we remember that the vertical component of the shell€s velocity can be found using trigonometry. Note: that the problem spec
measured relative to the vertical direction, instead of being with respect to the horizontal, which is standard.
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voy = vosin (90° — a)

Now, complete the solution.

voy = vosin (90° —a) = /2gh

_ \/2gh
v = VI
sin(90°—a)

_ 4/2:(9.80 m/s"2)31 m

- Sin((90—14))

vo = 25.404 m/s

Part (b) The mortar itself is a tube 0.425 m long. Calculate the average acceleration of the shell, in meters per second squared, in the tube as it is propell
found in part (a).

. . . . . . 2gh
We are asked to determine the average acceleration as the shell is being launched. From part (a), we know that it leaves with speed vo = o) Before the mc

had an initial velocity of zero m/s.

The acceleration can be found by knowing these velocities and the kinematic equations.

v(z) = 2al

S

N ( Necr e )Z
= ( Sin(90°—a) ) = 5in(90°~14)
2/ 2(0.425 m)

N
Il
2|

a =1759.261 m/s"2

Part (¢c) What is the average net force, in newtons, acting on the shell in the mortar? Express your answer in newtons.

Newton's second law of motion applies to the acceleration of the shell in the mortar as it is being launched. In part (b), the acceleration was determined and the m
problem statement.

— 2 SreRT—T T \ 2
Nerd )~ ( /2030 m/s" 231 m) )
2.1kg)| —
F = ma = m( Sin(90°—a) = 2) Sim(90°—14)

21 2(0.425 m)

F =1594447N

Problem 305 - 5.7.21 :
A 75.0 kg man stands on a bathroom scale in an elevator that accelerates uniformly upwards from rest to 30.0 m/s in 2.00 s.

Part (a) Calculate the scale reading in Newtons (The scale exerts an upward force on him equal to its reading.)

First, let's consider how a scale works. A scale reads the force pushing downward on it to find a person's weight. Newton's Third Law tells us that the scale exerts
producing the normal force that the person standing on the scale experiences. The scale reading is therefore equal to the normal force that the man experiences. Ir

force, let's begin by drawing a free-body diagram.
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|
3
|

In order to proceed, we will need to find an expression for the net force the man experiences. In order to use Newton's Second Law to find the net force, we will f
kinematic equation and solve for his acceleration. Given that we know that the initial velocity of the elevator is zero along with its final velocity and the time it ta
velocity, we can use the following kinematic equation:

v =at

~|=<

Now, let's plug this result for acceleration into Newton's Second Law to get an expression for the net force the man experiences.

Foer = ma

Fuer =

With this expression and our free-body diagram, we can now set up an equation for the sum of the forces that the man experiences and solve for the normal force

Fnet:F_Fg

ﬂ=F—mg
t

g+mg:F

_ 75.0kg -30.0 m/s

— . 2
F= 200 s +75.0kg -9.8 m/s

F =1860N

Part (b) Calculate the scale reading compared with his weight.

A person's weight is given by the force that gravity exerts on them. Therefore, we can write the following expression for his weight:

w=mg

Now, let's divide the scale reading from part (a) by the man's actual weight to get the desired ratio.
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= 4m
FMV:M
mg

Flw=—+1

g
Flwe= 30.0 m/s .

2.00s -9.8 m/s
F/lw=253

Part (c) What is unreasonable about this?

As our answer in part (b) shows, you would experience roughly two and a half times your normal weight if you were in an elevator accelerating this fast. This is 1
carrying a weight equal to one and half times what you weigh on your shoulders! Obviously, no normal elevator would be designed like this for the sake of user-f

answer is:

The acceleration is much higher than any standard elevator.

Problem 306 - 5.7.21 (alt) :
Unreasonable Results A 75.0-kg man stands on a bathroom scale in an elevator that

accelerates from rest to 30.0 m/s in 2.00 s. (a) Calculate the scale reading in newtons
and compare it with his weight. (The scale exerts an upward force on him equal to its
reading.) (b) What is unreasonable about the result? (c) Which premise is

unreasonable, or which premises are inconsistent?

Solution (a)

F

Vv, .
gives:

Using a =

~v=y, 30.0m/s-0m’s

t 2.00s
F=ma+mg=m(a+g)=75.0 kg(lS.O m/s” +9.80 m/s” )= 1860 N.

=15.0m/s” net F=F —w=ma.

F _m(a+g) 15.0m 52 +9.80 m/s” _153
w mg 9.80m/s’ —

(b) The value (1860 N) is more force than you expect to experience on an elevator.

(c) The acceleration a =15.0m/s”> = 1.53¢g is much higher than any standard elevator.
The final speed is too large (30.0 m/s is VERY fast)! The time of 2.00 s is not

unreasonable for an elevator.
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Problem 307 - 5.7.23 :

The 65-kg swimmer in the figure starts a race with an initial velocity of /.05 m/s and exerts an average force of 77.5 N backward
with his arms during each 1.80 m long stroke.

f—

Part (a) What is his initial acceleration, in meters per square second, if water resistance is 42.5 N?

Taking the direction of the swimmer's motion as the positive direction, we can find the net force on the swimmer by subtracting the force of resistance from the fc
arms.

Free =F = F;
‘We can now use Newton's Second Law to solve for the initial acceleration of the swimmer.

Foer = may
F —F, = ma

F - F,
m

=a

_ 775N —425N
a= 65 kg

ar = 0.5385 m/s?

Part (b) What is the subsequent average resistance force, in newtons, from the water during the 4.75 s it takes him to reach his top velocity of 2.25 m/s?

Given that we know the initial and final velocities of the swimmer as well as the time it takes him to reach his maximum velocity, we can find his average acceler
kinematic equation:

VF = Vi +axt

Vi — Vi = axt

VFE = Vi

=m
t

Now that we have an equation for the average acceleration, we can find an expression for the average net force that the swimmer experiences using Newton's Sec

F, net,2 = map

Vf — Vi
t

Fnet,Z =m-:

‘We can now set up an equation for the sum of forces on the swimmer to find the average force of resistance, F, .

Fne[,2=F_F2
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Vr — i
.;:F_Fz
vr =V
F,+m- fl ‘=F
Ve — v
Fr=F-—m- 21—

22 -1
F,=715N —65kg - 5m<4s75§05m/s

F> =61.079N

Problem 308 - 5.7.29 :
Full solution not currently available at this time.

Shown to the right is a block of mass m = 20.5 kg resting on a frictionless ramp inclined at @ = 57° to the horizontal. The block is held by a
spring that is stretched d = 4.1 cm.

%”//:.

\9

Part (a) Write an equation for the force constant of the spring in terms of the variables from the problem statement (m, d, and 6). Use g for the gravitati
k=m g sin(0)/d

Part (b) Calculate the force constant of the spring in newtons per meter.

k = 9.81*m*sin(0*pi/180)/(d/100)
k =9.81%20.5%sin(51*pi/180)/(4.1/100)
k = 3811.901

Tolerance: + 114.35703

Problem 309 - 5.7.30(sym) :
Full solution not currently available at this time.

After a mishap, a mass m circus performer clings to a trapeze which is being pulled to the side by another circus artist as displayed

in the figure. The left rope (with tension T) is at an angle 6 to the vertical. The right rope (with tension 75) is an at angle 6, from
the horizontal. Assume the person is momentarily motionless.
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Part (a) Write an equation for the net horizontal force on the performer

F, in terms of the tensions 7T and T, as well as the angles 0, and 0,. Let to the right be the positive x direction.
Y Fy =T, cos(8;) - Ty sin(6y)

Part (b) What is the sum of the forces in the y direction

Z F, based on the tensions in ropes T; and T, the mass m of the circus performer, the acceleration due to gravity g, and the angles 0; and 0,? Let up be
Y Fy =Ty cos(dy) + Ty sin(9,) - m g

Part (c) Write an equation for the tension in rope 1 (7;) using variables from the problem statement together with g for acceleration due to gravity.
T1=m g/( cos(0y) + (tan(0,) sin(0,) ) )

Part (d) Write an equation for the tension in rope 2 (T3) using variables from the problem statement together with g for acceleration due to gravity.
T, =m g sin(0,)/( cos(0;) + ( tan(0,) sin(0;) ) )/cos(0,)

Problem 310 - 5.7.32 :
Full solution not currently available at this time.

Displayed to the right are two carts connected by a cord that passes over a small frictionless pulley. Each cart rolls freely with negligible friction.

Consider the mass of the cart to be m; = 5.1 kg and the angle the first cart sits on to be 6; = 30.5°, while the mass of the second cart as m, =
20.1 kg and the angle it sits on to be 6, = 48°.

<

\ &
Part (a) Considering the positive x direction to be pointing as it is in the image, write an equation for the acceleration that the two blocks experience in t¢
block my, the angle 0, the mass of the second block m,, the angle 0,, and the acceleration due to gravity g.

a=(-my gsin(0;) + m, g sin(0,) )/(m; + m, )

Part (b) What is the acceleration of the carts in meters per square second?

a=9.81* (- ml * sin(thetal/180 * &) + m2 * sin(theta2 * n/180))/(m1 + m2)
a=9381%*(-5.1 * sin(30.5/180 * pi) + 20.1 * sin(48 * pi/180))/(5.1 + 20.1)
a=4807

Tolerance: + 0.14421

Part (c) What is the equation for tension in regards to the rope coming from the second block? Consider the mass of the block m,, the acceleration due t
acceleration of the blocks found previously a.
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T=m,gsin(0,) -my a

Part (d) Calculate the tension in the rope T in newtons.
T =m2 * 9.81 * sin(theta2 * 7/180) - m2 * (9.81 * (- m1 * sin(thetal/180 * m) + m2 * sin(theta2 * 7/180))/(m1 + m2))
T =20.1*9.81 * sin(48 * pi/180) - 20.1 * (9.81 * (- 5.1 * sin(30.5/180 * pi) + 20.1 * sin(48 * pi/180))/(5.1 + 20.1))
T =49.909
Tolerance: + 1.49727

Problem 311 - 5.7.32(sym) :
Full solution not currently available at this time.

Displayed to the right are two carts connected by a cord that passes over a small frictionless pulley. Each cart rolls freely with negligible

friction. Consider the mass of the cart to be m; and the angle the first cart sits on to be 6, while the mass of the second cart as m, and the angle
it sits on to be 6,.

<

A\ 6

Part (a) Considering the positive x direction to be pointing as it is in the image, write an equation for the acceleration that the two blocks experience in t¢
block my, the angle 0, the mass of the second block m,, the angle ,, and the acceleration due to gravity g.

F et = (- mq g sin(0;) + m; g sin(0,) )/(m; + m, )

Part (b) What is the equation for tension in regards to the rope coming from the second block? Consider the mass of the block m,, the acceleration due t(
acceleration of the blocks found previously a.

T=m,gsin(0,) -mya

Problem 312 - 5.7.33(sym) :
Full solution not currently available at this time.

Two blocks are connected by a string as shown. The inclination of the ramp is 8, while the masses of the blocks are m; and m,. Friction is
negligible.

A

Part (a) Write an equation for the magnitude of the acceleration the two blocks experience. Give your equation in terms of my, m,, , and the acceleratio
a=(myg-mygsin(0) )/ (m;+m,)

Part (b) Write an equation for the tension in the string in terms of m, the acceleration due to gravity g, and the acceleration of the two blocks a.
T =my a+my gsin(0)

Problem 313 - 5.7.34 :
Full solution not currently available at this time.

Referring to the image to the right, the mass of block 1 is m; = 3.1 kg while the mass of block 2 is m, = 8.1 kg. The coefficient of friction
between m; and the inclined surface is 4 = 0.31. The inclined surface is at an angle 6 = 37° above the horizontal.
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A

Part (a) Write an equation for the magnitude of this system's acceleration. Use the variables from the problem statement together with g for acceleratior
write your equation.

a=(myg-mygucos(d) -my gsin(0) )/(my +m,)

Part (b) Calculate the magnitude of the system's acceleration in
m
S_z .
a = 9.81%(my-my*n*cos(0*pi/180)-my *sin(0*pi/180))/(m+m,)
a = 9.81%(8.1-3.1%0.31*cos(31*pi/180)-3.1*sin(31*pi/180))/(3.1+8.1)
a=4975
Tolerance: + 0.14925

Problem 314 - 5.7.36 :
Full solution not currently available at this time.

Aleg is suspended in a traction system as shown in the image to the right. The image below that shows a free-body diagram of the forces
on pulley 4.

|

Part (a) What will the magnitude of force

F keeping the pulley in place be in the free body diagram of pulley 4? Give your answer in terms of the other variables in the problem statement.

F=2T cos(0)

Part (b) Supposed that rather than a shinbone as shown in the image, instead the patient has a broken femur that must be placed in a traction setup. If p
leg such that

F is the tension in the cable attaching the leg to pulley 4, in what way could we increase the magnitude of
F in order to increase the force on the leg?

Decrease angle 0 by moving the pulley left.
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Problem 315 - 5.7.38 :

Full solution not currently available at this time.

A car moves parallel to the , axis and its velocity ,, depends on position y as ,, = 2, where f is a constant.

Part (a) Write an expression for the net force on the car as a function of its mass m and the variables k and x.
YF=2mkA2x A3

Problem 316 - 5.7.39 :

Full solution not currently available at this time.

A crate of mass m = 0.75 kg is on a frictionless incline that makes an angle of 6 = 20.7 degrees with horizontal. A force of
magnitude P = 7.01 N is applied to the crate in a direction parallel and up the incline, as shown.

7\ 0

Part (a) Write an expression for the acceleration a, of the crate, where positive x is up the incline. Your answer should be in terms of m, P, 0, and g (9.8(
a,=(P-mgsin(0) )/m

Part (b) What is the acceleration of the crate in m/s? in the x direction defined in part (a)?
ay = (p-9.8*m*sin(th*0.0174533))/m

ay, = (7.01-9.8%0.75%sin(20.1%0.0174533))/0.75
a,=5979

Tolerance: + 0.17937

Part (¢c) What is the direction of the net force on the crate?
Up the incline

Part (d) What is the direction of the velocity of the crate?

It is not possible to say based on the information known.

Problem 317 - 5.8.0 :

Full solution not currently available at this time.

A crate sits on a rough surface. Using a rope, a man applies a force to the crate as shown in the figure. The force is not enough to move
the crate however and it remains stationary. If necessary, use Fs for the force of static friction, and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the crate.

.Fn
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Fs

Fg

Problem 318 - 5.8.0 (alt) :
Full solution not currently available at this time.

A crate sits on a rough surface. Using a rope, a man applies a force to the crate as shown in the figure. The force is not enough to move
the crate however and it remains stationary. Use f to represent the force of friction.

¥

L.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the crate.

Fg

Problem 319 -5.8.3:

Full solution not currently available at this time.

Two blocks are tied together with a massless string that does not stretch and connected via a frictionless and massless pulley. Mass
one, M1, rests on a table top and is stationary. Denote the force for static friction as Fis and the tension in the string by 7.
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Part (a) Please use the interactive area below to draw the Free Body Diagram for the mass M;

Fn

A

v

Fs

Fg,1

Part (b) Please use the interactive area below to draw the Free Body Diagram for the mass M,.

Fg,2

Problem 320 - 5.8.2 :
Full solution not currently available at this time.

A block with a mass of m rests on a rough surface and is subject to two forces acting on it. The first force is directed in the negative

x-direction. The second acts on the body at an angle & measured from horizontal, as shown. If necessary, use Fs and Fk for the
forces of static and kinetic friction.

Note that F; << F).
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Part (a) Please use the interactive area below to draw the Free Body Diagram for this block, assuming it is in static equilibrium.

Fn

A

Problem 321 -5.8.5:
Full solution not currently available at this time.

Consider the block shown in the figure, which has a mass m and is sitting at rest on a ramp making an angle of 6 with respect to the
floor. Use Fs to denote the force of static friction.

l

Part (a) Please use the interactive area below to draw the Free Body Diagram for the block.
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. Ql

Fg

Problem 322 - 5.8.6 :

Full solution not currently available at this time.

A block having a mass of m is suspended via two cables as shown in the figure. We will label the tension in Cable 1 as 7 and the
tension in Cable 2 as T, at respective angles of  and f3.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the block.

Problem 323 - 5.8.8 :

Full solution not currently available at this time.

A force, Fm, is applied to a stationary book that is resting on a rough horizontal tabletop. If necessary, use Fs for the force of static
friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the book.

Fn

f
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A

Fs

v

Fm

Fg

Problem 324 - 5.8.9 :

Full solution not currently available at this time.

A horizontal force, Fm, is applied to a book that is on a rough horizontal tabletop. As a result the book is moving with a constant
velocity. If necessary, use F's for the force of static friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the book

Fn

A

Fk

v

Fm

Fg

Problem 325 - 5.8.12 :

Full solution not currently available at this time.

A block of mass m rests against a spring with a spring constant of k on a rough inclined plane which makes an angle of 6 degrees
with the horizontal. The block compresses the spring a distance d from its neutral position, and friction is preventing the block from
moving up the ramp. Use Fsp as the spring force, Fs for the force of static friction, and Fk as the force of kinetic friction.

\

)6
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Part (a) Please use the interactive area below to draw the Free Body Diagram for the block.

Fsp

Problem 326 - 5.8.13 :
Full solution not currently available at this time.

A man pushes a block of ice across a frozen pond at a constant velocity. While the coefficients of static and kinetic friction for ice
are low, they are not zero. Consider this problem to involve friction. If necessary, use Fs for the force of static friction, and Fk as the
force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the block of ice.

Fn

Fg

Problem 327 - 5.8.18 :
Full solution not currently available at this time.

Two blocks are tied together with a massless string that does not stretch and connected via a frictionless and massless pulley. Mass
one, m, sits stationary on table top. Denote the tension in the string as 7', and the force of static friction as Fs.
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Part (a) Please use the interactive area below to draw the Free Body Diagram for the mass m;.

Fn

A

v

Fs

Fg,1

Part (b) Please use the interactive area below to draw the Free Body Diagram for the mass m,.

Fg,2

Problem 328 - 5.8.19 :
Full solution not currently available at this time.

Three ideal massless strings are connected in a single knot as shown in the figure below. The first string, with tension 77,
extends from the knot at an angle 0 below the horizontal until it connects with the wall on the left. The second string, with

tension 7, extends at an angle 0, with the vertical until it connects with ceiling towards the upper right. The remaining string
connects the knot to a suspended weight with mass M. The system is in static equilibrium.
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Part (a) Please use the interactive area below to draw the best Free Body Diagram to represent the forces on the knot where the three strings are connect

FT2

Part (b) Coordinate axes have been added to the figure. Enter an expression for Fy, the force on the knot due to the tension 7
terms of the standard unit vectors, i, j and k.

FT] =- Tl COS(BI) i- Tl sin(ﬂl)j

Part (c) Enter an expression for F,, the force on the knot due to the tension T,. Express your answer in terms of the standard unit vectors, i, j and k.

FTZ = T2 sin(02) i+ T2 cos(02)j

Part (d) Enter an expression for Fy, the force on the knot due to the suspended weight. Express your answer in terms of the standard unit vectors, f, j an

Fg='ng

Part (e) Enter an expression for the magnitude of the net force on the knot in the x direction including explicit terms for the contributions of the separate

XFy =- Ty cos(0y) + T, sin(0,)

Part (f) Enter an expression for the magnitude of the net force on the knot in the y direction including explicit terms for the contributions of the separate

XFy=-Tysin(0y) + T cos(8;) -M g

Part (g) Give a numeric answer for the tension in the string to the lower left, T; for the case where 6, =27°,0,=2/°and M = 2.5 kg.
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T, = mass * 9.81 * sin(angle2*pi/180.)/(cos(angle2*pi/180.)*cos(angle1*pi/180.) - sin(angle2*pi/180.)*sin(angle1*pi/180.))
Ty =2.5 *9.81 * sin(21*pi/180.)/(cos(21*pi/180.) *cos(21*pi/180.) - sin(21*pi/180.)*sin(21*pi/180.))
T;=11.827

Tolerance: + 0.35481

Part (h) Give a numeric answer for the tension in the string to the upper right, T, for the case where 0; =27°,0,=21°and M = 2.5 kg.

T, = mass * 9.81 * cos(angle1*pi/180.)/(cos(angle2*pi/180.)*cos(angle1*pi/180.) - sin(angle2*pi/180.)*sin(angle1*pi/180.))
T, =25 *9.81 * cos(21*pi/180.)/(cos(21*pi/180.)*cos(21*pi/180.) - sin(21*pi/180.)*sin(21*pi/180.))

T,=30.81

Tolerance: + 0.9243

Problem 329 -59.1 :
Full solution not currently available at this time.

A horizontal force, Fm, is applied book that is on a frictionless horizontal tabletop. As a result the book is accelerating to the right. If
necessary,use F's for the force of static friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the book.

Fn

Fm

Fg

Problem 330 - 5.9.2 :
Full solution not currently available at this time.

A horizontal force, Fm, is applied to a book that is on a rough horizontal tabletop. As a result the book is accelerating to the right. If
necessary, use Fs for the force of static friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the book.
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Fn

Fm

Fg

Problem 331-5.9.3:

Full solution not currently available at this time.

A ball is dropped from a tall building. Use Fd to denote the drag force associated with air resistance for this
problem.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the ball during the period where it is still accelerating in the downwar¢

.Fd

Fg

Part (b) Please use the interactive area below to draw the Free Body Diagram for the ball assuming the ball has reached terminal velocity (i.e. it is falling

Fd
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Fg

Problem 332-594:

Full solution not currently available at this time.

A spring with a spring constant of k is initially compressed by a block a distance d. The block is on a rough horizontal surface with
coefficient of kinetic friction , static friction ug, and has a mass of m. The block has just been released and is accelerating to the
right.

~—— Unstretched Length
Use Fsp as the spring force. If necessary, use Fs for the force of static friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the block

Fn

Fsp

Fg

Problem 333 -5.9.7 :

Full solution not currently available at this time.

A car is driving down the road and the driver sees a branch fall out of a tree onto the road, a distance d ahead. The driver applies the
brakes in order to slow down and avoid hitting the branch. The driver applies maximum force to the brakes and the wheels stop,
resulting in the car skidding (there is no ABS).

If necessary, use Fs for the force of static friction and Fk as the force of kinetic friction.

Part (a) Please use the interactive area below to draw the Free Body Diagram for the car.
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Problem 334 - 5.9.7 (alt) :

Problem 335 -5.9.8 :

If necessary, use f for the force of friction.

A

Fg

Fn

Fg

Full solution not currently available at this time.

A car is driving down the road and the driver sees a branch fall out of a tree onto the road, a distance d ahead. The driver applies the

brakes in order to slow down and avoid hitting the branch. The driver applies maximum force to the brakes and the wheels stop,
resulting in the car skidding (there is no ABS).

Part (a) Please use the interactive area below to draw the Free Body Diagram for the car.

Fn
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The correct graph should resemble

with these pertinent features.
e Be certain to use static friction, Fg, not kinetic friction, Fi.

e The static friction vector, Fg, should point to the left with the same magnitude as the right-
pointing horizontal component of the applied force, F.

e The length of the normal vector should equal the sum of the lengths of the weight vector and
the vertical component of the applied force. (Pushing down on the block causes an increase in
the normal force.)

Two forces contribute in the horizontal direction; the static friction, - is purely horizontal, and the applied force, ', has a horizontal component.

These are combined as
YF = FcosH — F
x S

IF = Feosb — ReFy ‘

INotice the negative sign for the static friction because it is directed towards the left. The force of static friction has been replaced with an expression
in terms of the coefficient of friction and the normal force. Note that the normal force does not have the same magnitude as the weight. The
magnitude of the normal force will be obtained in a later step.

Imass = 0.266 angle = 0.299 |

Three forces contribute in the vertical direction. They are the normal force, Fy, the weight, £ g Mg, and the vertical component of the applied
force, F.

IF =F\y—F — Fsinf
y g

ZF:‘Y = F— mg — Fsinf

INotice the negative signs for downward-acting weight and the downward-acting vertical component of the applied force.

Imass = 0.266 angle = 0.299 |

o — M-y n T T I T M

here is no acceleration in the vertical direction, so the net force in the vertical direction sums to zero. It is then possible to solve for the normal
force.

0= Fy —mg— Fsin

Fy = mg + Fsinf

INote: The normal force increases due to the downward component of the applied force.

[mass = 0.266 angle = 0.299
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The block is not sliding relative to the ice, so static friction applies. With no horizontal acceleration, the net force in horizontal direction sums to
izero.

0= Feosh — Fy

Make the usual substitutions for the magnitude of the force of static friction.

0= Feosh — pgFy
'We are now able to substitute for the magnitude of the normal force using the expression from the previous part.

0= Feosh — jig(mg + Fsinf)

= Feosb — pgmg — pgFsind

Perform a little algebra.

F ( cosO — ussine) =pgmg

Hgmg

F= cosO — ussine

Notes:

« The denominator has a maximum value of 1 when @ = ()© and the applied force has its minimum value, £ = Hgmg

« The denominator decreases to zero when cotf = Hg implying that the minimum applied force increases towards infinity as the angle approaches

this value. There comes a point where the block will not slide, and at this point the solution becomes unphysical.

[mass = 0.266 angle = 0.299

1 I —— Faro— s n ITE T I TR MR O -

(9.81ms2)

F=(0.0300) (0.266kg) (cos(0.209°) — 0.0300sin(0.209°) )

F=0.0783N

Imass = 0.266 angle = 0.299

MIota, OF 5 : 1 tad foplaal A fonl Asaotle: hondlad 22300 fant laa Jdical dia £.01 ioa £ i}

The correct graph should resemble

with these pertinent features.
e Be certain to use kinetic friction, Fi. not static friction, Fs.

e The kinetic friction vector, Fi, should point to the left with a lesser magnitude than the
right-pointing horizontal component of the applied force, F', because the block is accelerating
to the right.

e The length of the normal vector should equal the sum of the lengths of the weight vector and
the vertical component of the applied force. (Pushing down on the block causes an increase in
the normal force.)

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true

10/1/19, 6:57 PM

Page 278 of 282



The Expert TA | Human-like Grading, Automated!

10/1/19, 6:57 PM

From the FBD in the Part (g), the net force in the horizontal direction becomes

YF, = Feos(0) — Fp

= Feos(0) — g Fy

The normal force is the same as obtained in the case with static friction.
Fyy=mg + Fsin(0)
We may eliminate 'y which yields

XF_ = Feos(0) — |LK(mg + Fsin(0))

= F(cos(e) —Jigsin(6) ) — pgmg

Imass = 0.266 angle = 0.299

From Part (f),
F=0.0783N

We use this value of the force when evaluating the acceleration just as static friction is broken

‘ o) _ H ‘ 0 b
a=(0.0783N) (cos(0290 )(036%12(;5'“(0'299 ) _ (0.0100)(9.81ms2)

a=1(0.1962 ms?)

Imass = 0.266 angle = 0.299

(Note: Simple javascript evaluation implmented for look and feel. Anything unhandled will just be displayed in full expression form.)

Problem 336 - 5.9.9 :
Full solution not currently available at this time.
A contestant in a winter sporting event pulls an m kg block of ice across a frozen lake by applying a force F at an angle 0

above the horizontal as shown. Assume that the coefficient of static friction for ice on ice is 0.0300, and the coefficient of
kinetic friction for the same is 0.0100. Let to the right be the positive x direction and up be the positive y direction for your
equations.

Part (a) Please use the interactive area below to draw a free body diagram to represent the situation where the contestant is pulling, but the block has no
F, for the force of static friction and F) for the force of kinetic friction if they are needed for your free body diagram.
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.Fg

Part (b) Enter an expression for the net force in the horizontal direction, XF,. Your expression may include the normal force, Fy, the applied force, F, th
above the horizontal, 0, and appropriate coefficients of friction. The friction coefficients are pg and pg.

EFX =F COS(O) - ug FN

Part (c) Enter an expression for the net force in the vertical direction, XFy. Your expression may include the mass, m, acceleration due to gravity, g, the r
applied force, F, the angle of the applied force above the horizontal, 8, and appropriate coefficients of friction. The friction coefficients are ug and pg.

ZFy=FN-mg+Fsin(9)

Part (d) Enter an expression for the magnitude of the the normal force, Fy. Your expression may include the mass, m, the acceleration due to gravity, g, |
the angle of the applied force above the horizontal, 0.

Fy=mg - F sin(0)

Part (e) Enter an expression for the magnitude of the applied force, F, at the threshold where static friction is at its maximum value. Your expression ma
acceleration due to gravity g, the angle of the applied force above the horizontal, 8, and appropriate coefficients of friction. The friction coefficients are pg

F = ug m g/(cos(0) + ng sin(0))

Part (f) Obtain a numeric value, in newtons, for the magnitude of the maximum applied force, F, consistent with static friction when the force makes an
horizontal and the mass of the block is 25 kg.

F =0.0300 * mass * 9.81/(cos(angle * pi/180) + 0.0300 sin(angle * pi/180))
F =0.0300 * 25 * 9.81/(cos(15 * pi/180) + 0.0300 * sin(15 * pi/180))

F =17.556

Tolerance: + 0.22668

Part (g) Please use the interactive area below to draw a free body diagram to represent the situation where the contestant is pulling, and the block has ju
F for the force of static friction and F for the force of kinetic friction if they are needed for your free body diagram.

iFn

Part (h) Obtain an expression for the acceleration of the block corresponding to the free body diagram from part (g). Your expression may include the m
to gravity g, the applied force, F, the angle of the applied force above the horizontal, 8, and appropriate coefficients of friction. The friction coefficients ar

a=F (cos(0) + g sin(0) )/m - ug g

Part (i) Obtain a numeric value for the acceleration, a, in meters per squared seconds, when the mass of the block is 25 kg and the angle of the rope is 7:
the magnitude of the applied force, use the threshold value obtained in part (f).

a = (0.0300 * mass * 9.81/(cos(angle * pi/180) + 0.0300 sin(angle * pi/180))) * (cos(angle * pi/180) + 0.0100 * sin(angle * pi/180))/mass - (0.0100)*(9.81)
a =(0.0300 * 25 * 9.81/(cos(15 * pi/180) + 0.0300 * sin(15 * pi/180))) * (cos(15 * pi/180) + 0.0100 * sin(15 * pi/180))/25 - (0.0100)*(9.81)

a=0.1946

Tolerance: + 0.005838
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Problem 337 - 5.9.10 :

Full solution not currently available at this time.

At a post office, a parcel that is an m kg box slides down a ramp inclined at an angle 0 with the horizontal, as shown. The coefficient of kinetic friction
between the box and the ramp is g, and the coefficient of static friction for the same is pg. Notice that the coordinate axes have been chosen with the x axis
directed up the incline, as shown.

Part (a) Please use the interactive area below to draw a free body diagram for the block. Use F for the force of static friction and F) for the force of kine
needed for your free body diagram.

Part (b) Input an expression for the net force in the x direction consistent with the coordinate axes on the diagram. Express your answer in terms of
acceleration due to gravity, g, the angle of the incline, 0, the magnitude of the normal vector Fy, and appropriate coefficients of friction. The coefficient of
the box and the ramp is pg, and the coefficient of static friction for the same is pg.

X Fy=pug Fy - m g sin(0)

Part (c) Input an expression for the net force in the y direction consistent with the coordinate axes on the diagram.Express your answer in terms of
acceleration due to gravity, g, the angle of the incline, 0, and the magnitude of the normal vector Fy.

X Fy= Fy - m g cos(0)

Part (d) Input an expression for the magnitude of the normal force. Express your answer in terms of the mass of the box, m, the acceleration due to gravi
incline, 0.

Fy=mg cos(0)

Part (e) Input an expression for the acceleration of the box in the x direction consistent with the coordinate axes on the diagram. Express your answ:
the box, m, the acceleration due to gravity, g, the angle of the incline, 8, and appropriate coefficients of friction. The coefficient of Kkinetic friction between |
and the coefficient of static friction for the same is ng.

a = pg g cos(0) - g sin(0)

Part (f) Enter a numeric answer for the magnitude of the acceleration in meters per squared seconds when the angle of the incline is /5° and the coeffici
0.035.

lal =9.81 * (sin(angle * pi/180.) - coeffKineticFriction * cos(angle * pi/180.))
lal =9.81 * (sin(15 * pi/180.) - 0.035 * cos(15 * pi/180.))

lal =2.207

Tolerance: + 0.06621

Part (g) Using the numbers from the previous step, give a numeric answer for the time in seconds that elapse when the package, initially at rest, travels a
the ramp.

d = sqrt(2.0*distance/(9.81*abs(coeffKineticFriction*cos(angle * pi/180.) - sin(angle * pi/180.))))
d = sqrt(2.0%2.25/(9.81*abs(0.035*cos(15 * pi/180.) - sin(15 * pi/180.))))

d=1428

Tolerance: + 0.04284

Part (h) Using the numbers from the previous steps, give a numeric answer for the speed of the package at the moment it has traveled a distance of 2.25
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v =sqrt(2.0 * 9.81 * (sin(angle * pi/180.) - coeffKineticFriction * cos(angle * pi/180.)) * distance)
v =sqrt(2.0 * 9.81 * (sin(15 * pi/180.) - 0.035 * cos(15 * pi/180.)) * 2.25)

v=23.152

Tolerance: + 0.09456

All content © 2019 Expert TA, LLC

https://usw37oh.theexpertta.com/Common/ViewAssignmentSolutions.aspx?showLables=true Page 282 of 282



