‘ 3A Vectors and Motion
~in Iwo Dimensions

3.1 Using Vectors

1. Use a figure and the properties of vector addition to show that vector addition is associative.
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2. Draw and label the vector 24 and the vector %Z

6. Given vectors 4 and B below, find the vector C=24-3B.
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3.2 Using Vectors on Motion Diagrams

7. The figure below shows the positions of a moving object in three successive frames of film.
Draw and label the velocity vector v, for the motion from 0 to 1 and the vector v, for the
motion from 1 to 2. Then draw the vector v, — v, with its tail on point 1.

8. A car enters an icy intersection traveling at 16 m/s due north. After a violent collision with a
truck, the car slides away moving 12 m/s due east. Draw arrows on the picture below to show
(i) the car’s velocity v, when entering the intersection, (ii) its velocity v, when leaving, and
(iii) the car’s change in velocity AV = v, — v, due to the collision.
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Exercises 9-10: The figures below show an object’s position in three successive frames of film.
The object is moving in the direction 0 — 1 — 2. For each diagram: — Rlack
« Draw and label the initial and final velocity vectors v, and ¥,. Use black. ~ == Red,

+ Use the steps of Tactics Box 3.2 to find the change in velocity Av.

Draw and label @ at the proper location on the motion diagram. Use red.

« Determine whether the object is speeding up, slowing down, or moving at a constant speed.
Write your answer beside the diagram.
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3.3 Coordinate Systems and Vector Components

3.4 Motion ona Ramp

Exercises 11-13: Draw and label the x- and y-component vectors of the vector shown.

1. y 12. y R &3 v

By Cr

Exercises 14-16: Determine the numerical values of the x- and y-components of each vector.

14. ¥ 15.. ¥ 16. ¥
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To 3 Sigaiticant fimoces:

4 =5coslize)==3:al g -"Heos(30): =346 ¢, -Seos s 3.5

4,=55nU30)23.83 3= Hsin(38)=-2.00 ¢ =5sin({5)=-3-54

y

17. What is the vector sum D = A4 + B + C of the three vectors defined in Exercises 14167

18. Can a vector have a component equal to zero and still have nonzero magnitude? Explain.

Nes,so long 0% one ok itS components (s
- honze(o.

19. Can a vector have zero magnitude if one of its components is nonzero? Explain.

No, i one Componerit is NONZero,Hhen no
OHne Corn PON et CoN dCi»JT coct & vom ot
because the Components ove n
perpenducular divect jons,
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Exercises 20-22: For each vector:

 Draw the vector on the axes provided.
» Draw and label an angle 6 to describe the direction of the vector.

« Find the magnitude and the angle of the vector.

20. 4, =3, 4, =2 21.B,=~2,B,=2 22.C,=0,C,=-2
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Exercises 23-25: Define vector 4 = (5, 30° above the horizontal). Determine the components Ay
and 4y in the three coordinate systems shown below. Show your work below the figure.

23. Y
A
5
0
A= 500 30° Ax=5cos (30° +300) Ax=5cos(45 O“300),
Ay=5sin %0’ Ay =5sin (30+30) Ay = —55inU5>3Y)
Ax = Qago Ax = L/_v XO

4, = 433
4,= A50 4, = 4,33

26. The figure shows a ramp and a ball that rolls along the ramp. Draw vector arrows on the figure
to show the ball’s acceleration at each of the lettered points A to E (or write a = 0, if appropriate).

4,=—[.39
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3.5 Relative Motion

27. On a ferry moving steadily forward in still water at 5 m/s, a passenger walks towards the back
of the boat at 2 m/s. (i) Write a symbolic equation to find the velocity of the passenger with
respect to the water using (v,) s notation. (ii) Substitute the appropriate values into your
equation to determine the value of that velocity.

| VP = \/A + i/g = Q +.(,,,5“) - _5%

&=
Vo Vg

28. A boat crossing a river can move at 5 m/s with respect to the water. The river is flowing to the
right at 3 m/s. In (a), the boat points straight across the river and is carried downstream by the
water. In (b), the boat is angled upstream by the amount needed for it to travel straight across
the river. For each situation, draw the velocity vectors vyg of the river with respect to the
shore, 5 of the boat with respect to the river, and Vg of the boat with respect to the shore,
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29. Ryan, Samantha, and Tomas are driving 200 mis
their convertibles. At the same instant, 5 m/s’
they each see a jet plane with an

instantaneous velocity of 200 m/s and an
acceleration of 5 m/s?.

R S T
. % 20 m/s 40 m/s
a. Rank in order, from largest to smallest, = e e

the jet’s speed vy, vs, and vy according : V
to Ryan, Samantha, and Tomas. Explain. VR > \/3 > T

Tre Séfr’s Speed|, occarding 4o 'R\‘cm, 1S 300 Oy = (= {)O”’/s) = 230™/s
z\na 3@45 S‘}e,ed,()\cm‘mh | 1o SQMCW\‘H/\CM iS Q00™M s - 30™s - ISO™/s.
The jet's Speed,fecorcling o Tomas, 15 50Ms < #0™/s = 160 ™.

b. Rank in order, from largest to smallest, the jet’s acceleration ag, ag, and at according to
Ryan, Samantha, and Tomas. Explain. - _
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J IS Hhe Sawme in At e rtial Cebeconce Frames,
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30.
magnet releases the ball. The experiment is first done while the plane is parked on the ground,
and the point where the ball hits the floor is marked with an X. Then the experiment is
repeated while the plane is flying level at a steady 500 mph. Does the ball land slightly in front
of the X (toward the nose of the plane), on the X, or slightly behind the X (toward the tail of
the plane)? Explain.
Tve el shill lands ¢ - X T dne < ,
poe el S ds on +he X. Io Hhe Secand| expecimernd
Foe boll's initia| \!Qlec,\-!-\/ relotive +o Hne plane issb(|
NOLGH » 20T e (0.
_[\\ ic‘(\o\»)g‘(\ “APMedNe. risfer' on thearound oulal B
PQ—VCL&NIE o+ +‘(\€,. o Lot Hne laine +3 e movi A
POSH o 5:007‘np\n3 To Someone. on Hne plane Hae oo\ < +3{ [
Pails st m,\,cﬁhf dowr '
31. Zack is driving past his house. He wants to toss his physics
book out the window and have it land in his driveway. If
he lets go of the book exactly as he passes the end of the
driveway, should he direct his throw outward and toward
the front of the car (throw 1), straight outward (throw 2),
or outward and toward the back of the car (throw 3)? ” =5
Explain. | -|—h COW 3 7 | ol
‘When 2 O\C@K Fhrows the ook, it alse has the Forwacd.
m?_f\:\m © 4'\1%(40&@- L+ he wants e ook +o £ ollow
Poth & info the drivenay, he peedls to include o
EO\CKNOJ:;OXJFCQM ponent to +he Velocidy from hig
O ! ) O\ 4 [og )
hrow That IS equal ancloppos ite +o' +he Forwars,
veloc ity of the Car
32. Yvette and Zack are driving down the freeway side by side with 7
their windows rolled down. Zack wants to toss his physics book Yvette | =
out the window and have it land in Yvette’s front seat. Should he
direct his throw outward and toward the front of the car (throw 1),
straight outward (throw 2), or outward and toward the back of the 2
car (throw 3)? Explain. 4l royw/ & Zack I.J e
YWette's Cor 1S ot Moving e lokive 4o Zack's cog

An electromagnet on the ceiling of an airplane holds a steel ball. When a button is pushed, the

From fhe pers Pe,ﬁz%}\} e o an dose rvev- gt et wWith

+o e freaway, e book al \Pmo)u/ oS o forwonrd,

Vel OCJ‘*’\ eaual tq Y\/Q/'(’WL’@)S OLV\OL3+’V\€L(‘C’_/QO‘(‘€, jUY\ l\/ (‘\Q@ds
bo be Hhvro wn 3%’@&«3‘(\% oUW (O
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3.6 Motion in Two Dimensions: Projectile Motion

33. Complete the motion diagram for this trajectory, showing velocity and acceleration vectors.

34. A particle moving along a trajectory in the xy-plane has the x-versus-f graph and the y-versus-
graph shown below.

x(m) y{m)
15 | f ! 159
101 10
5 5-
!
0 o S ) 0 £(s)
0 1 2 3 4 5 6 0 1 2 3 4 5 6

a. Use the grid below to draw a y-versus-x graph of the trajectory.

»(m)
154

: 8s

obs 5 10 15 20 25

030

x (m)

b. Draw the particle’s velocity vector at £ =3.5 s on your graph.
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35. The trajectory of a particle is shown below. The ‘ y (m)
particle’s position is indicated with dots at 1-second 10 LT
intervals. The particle moves between each pair of
dots at constant speed. 54
0—2s 55 x (m)
54 3s 4s
-10 -5 0 5 10

a. Draw x-versus-t and y-versus-¢ graphs for the particle.

x{m) y(m)
104 - - ‘ 10 &~

0 i £(s)

C s

b. Is the particle’s speed between 7= 5 s and ¢ = 6 s greater than, less than, or equal to its speed
between =1 s and ¢ = 2 s? Explain.

‘Vl';a- '7— JWZS% —Th(’_ hl’\ e ba’l’\i\l’(f,@‘(\ {__25* O\‘(\C)k—% /"LD (f; \L")V\ES@,F
sl Jszy+(52) < 505 = 72

36. A projectile is launched over horizontal ground at an angle between 0° and 90°.

a. Is there any point on the trajectory where ¥ and a are parallel to each other? If so, where?

No, unless Hue launch angle 1590, & s alwoy's Verticall
downword - ¥ will be pocadie] to & only it 7 has no Yo 2ontal
Component, winich isonty possible it +ne launcin C'Ma\(i 1 SG0°
b. Is there any point where v and d are perpendicular to each other? If so, where?

At the fop oF He trajectony, Vs horizontal
A is vexrticad.

¢. Which of the following remain constant throughout the entire trajectory: x, y, v, vy, v,,
ay, ay?

Vi, Oy Ay (Ax=0,Ay= ~<3)
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3.7 Projectile Motion: Solving Problems

37. The figure shows a ball that rolls down a quarter-circle
ramp, then off a cliff. Sketch the ball’s trajectory from
the instant it is released until it hits the ground.

38. a. A cart that is rolling at constant velocity fires a ball straight up.
When the ball comes back down, will it land in front of the
launching tube, behind the launching tube, or directly in the
tube? Explain.

The ball will land divecty ivt Hhe cot.
The ball isalteady moving horizantal \\/
Wity Hne cact when |aouichied. Thou%\m

+Hhe force onHne inal (when la. ‘

’ N X O launchedy < v ‘
+‘n\e \‘QO\/\,\ vetouns Hoe SNe. conStonn \’\or‘l\‘;,oriﬁ{{ Q&\j
Velocity o8 Hne coxrt and lands in i+, |

b. Will your answer change if the cart is accelerating in the forward direction? If so, how?
I He cort 15 accelersding, then fhe oo L will land,
ehinak e coct The bbod IS hororta) Veloc ity ihen
lounched, 15 the. 3o 08 the corts ad Hat momeat,

Joud Hhecoct i Spexd , N

: cohng ep aAnd oe s ane )

: c — e

Fre ball g0 AeTS A of
39. Arock is thrown from a bridge at an angle 30° below N

horizontal. b

a. Sketch the rock’s trajectory on the figure.

b. Immediately after the rock is released, is the
magnitude of its acceleration greater than, less than,
or equal to g? Explain.

= (3 The occelerodion ot Fhe, ok 15 i"“d@PW\dQY\J‘

of Hne int4al \/Q\OC,H—\/ of +the rock.

c. At the instant of impact, is the rock’s speed greater than, less than, or equal to the speed
with which it was thrown? Explain.

The vock's speed (5 greater af the instont of
Mpoct The Nor zontal Speec| does nNot change
but Hne vecticad Speed Ineedses due to (SMVAY"
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40. Four balls are simultaneously launched with the same speed from 1

41.

the same height # above the ground. At the same instant, ball 5 is
released from rest at the same height. Rank in order, from shortest
to longest, the amount of time it takes each of these balls to hit the
ground. (Some may be simultaneous.)

Olrder:Lh;?))&:S7 |

Pxplanation: Becowse -4 ench have fhe same. ’
Y if‘jt Spesdly Weneed onlyto Considey +ne. 4

Reticol component of dheiv indiol Veloc o,
Rotlthas JrV\?. ceatest initicd downiward yel o.r;\éir:{
Campanend, BRI | +Hae least. Bt bod s Sond &
e no m\l\o\\ velocity inthe Y-di rechon and Wit sim M‘LO&V\QKMS\\/-

Rank in order, from shortest to longest, the amount of time it takes each of these projectiles to
hit the ground. (Some may be simultaneous.)
100 g 100 g 100g 200g 100g
’ 3 >
@ @ 10 m/s 20 m/s @ 10 m/s : 10 m/s

10m 10m 10 m 10m

20m

Order: ‘: \’;: 3: %95

Explanation: _\—

None of He protectileS have ey itial Jelocd

m Ji?p& \-di \”\(e\f—i\%ow . The Hime +D§&H depends @Yl/l\/
on e Neagnt aloove Phe arouna: Balls |- H beg;
ok e Socod et 3 t begin

3.8 Motion in Two Dimensions: Circular Motion

42.

a. The crankshaft in your car rotates at 3000 rpm. What is the frequency in revolutions
per second?

a | ' -~ RV
20, Imia <y

[
' )

}min (203
b. A record turntable rotates at 33.3 rpm. What is the period in seconds?

2R3 CeN “‘“W\: O.5 5 £ £V

s

Inin LOS S

1 { _
T = 5555 " [.8s

5@ 2
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43. The dots of a motion diagram are shown below for an object in uniform circular motion.
Carefully complete the diagram. Rlack
» Draw and label the velocity vectors ¥. Use a black pen or pencil. --=- Red,
+ Draw and label the acceleration vectors d. Use a red pen or pencil. <

> 4 - -4
\ A AR l
' T / 5
6
44, The figure shows three points on a steadily rotating wheel.

a. Draw the velocity vectors at each of the three points.
b. Rank in order, from largest to smallest, the speeds v;, v,, and v3 of
these points.

Order: (), = W= Uﬂ)‘g

Explanation:

;Eo\'c)(\ Pomn t traverses +he Sarne 0\\’\%\6
0 e Socne fine. Al poinds on 4ne
wheel otate with thesame. period:

45. An object is traveling in a circle of radius » at constant speed v.
a. By what factor does the object’s acceleration change if its speed is doubled and the radius is
unchanged? # L VA
1 O = Y
(\

b. By what factor does the acceleration change if the radius of the circle is doubled and its

-~

speed is unchanged? '/ o~

¢. By what factor does the acceleration change if the period of the motion is doubled without
changing the size of the circle? ! / ﬁL
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