VECTORS AND COORDINATE SYSTEMS

Conceptual Questions

3.1. The magnitude of the displacement vector is the minimum distance traveled since the displacement is the vector
sum of a number of individual movements. Thus, it is not possible for the magnitude of the displacement vector to be
more than the distance traveled. If the individual movements are all in the same direction, the total displacement and
the distance traveled are equal. However, it is possible that the total displacement is less than the distance traveled, if
the individual movements are not in the same direction.

3.2. It is possible that C = A+ B only if A4 and B both point in the same direction as in the figure below. It is not
possible that C > 4+ B because, if 4 and B point in different directions, putting them tip to tail gives a resultant
with a shorter length (see figure below).

3.3. It is possible that C=0 if A=-B. Tt is not possible for the length of a vector to be negative, so C >0. Even if
A and B are parallel but in opposite directions, C will still have a length greater than or equal to zero.

3.4. No, it is not possible to add a scalar to a vector, since the scalar has no direction.

3.5. The zero vector 0 has zero length. It does not point in any direction.

3.6. A vector can have a component that is zero and still have nonzero length only if another component is nonzero.
For example, consider the vector 7 = (1, 0), which points along the x-axis.

3.7. If one component of a vector is nonzero then it is not possible for the vector to have zero magnitude. The
magnitude of the vector depends on the sum of the squares of the components, so any component signs do not matter.

3.8. No, it is not possible for two vectors with unequal magnitudes to add to zero. To add to zero, two vectors must
be antiparallel and of the same length (magnitude).
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32 Chapter 3

3.9. (a) False, because the size of a vector is fixed.
(b) False, because the direction of a vector in space is independent of any coordinate system.
(¢) True, because the orientation of the vector relative to the axes can be different.

Exercises and Problems
Section 3.1 Vectors

Section 3.2 Properties of Vectors

3.1. Visualize:

Solve: (a) To find A+ B, we place the tail of vector B on the tip of vector 4 and draw an arrow from the tail of
vector A to the tip of vector B.
(b) Since A-B=A+ (—E) , we place the tail of the vector —B on the tip of vector A and then draw an arrow from

the tail of vector A4 to the tip of vector —B .

3.2. Visualize:

A
Koown g
A B
Find (A +B)
A+B A-B
A B
(b)

Solve: (a) To find 4+ B, we place the tail of vector B on the tip of vector 4 and then draw an arrow from vector

A’s tail to vector B’s tip.
(b) To find A— B, we note that A—B = A+ (—B). We place the tail of vector —B on the tip of vector 4 and then

draw an arrow from vector A’s tail to the tip of vector —B.
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Vectors and Coordinate Systems 33

Section 3.3 Coordinate Systems and Vector Components

3.3. Visualize:

Known
vector E
angles 6 and ¢

Find
E,  E,

Solve: Vector E points to the left and up, so the components £, and E,, are negative and positive, respectively,

according to the Tactics Box 3.1.
(a) E, =—Ecosé@ and E, = Esiné.

(b) E,=-Esing and E, = Ecosg.

Assess: Note that the role of sine and cosine are reversed because we are using a different angle. 6 and ¢ are
complementary angles.

3.4. Visualize: The figure shows the components v, and v, and the angle 6.

y
Known
vy =—10m/s Vv
6 = 40° T
-

v v
Find "
vX

Solve: We have, v, =—vsin@ where we have manually inserted the minus sign because v, points in the negative-y

direction. The x-component is v, =vcosé. Taking the ratio v,/v, and solving for v, gives v, =—vy(tan¢9)_1 =

—(~10 m/s)(tan40°) ! =12 m/s.
Assess: The x-component is positive since the position vector is in the fourth quadrant.

3.5. Visualize: The position vector 7 whose magnitude » is 10 m has an x-component of 8 m. It makes an angle &
with the +x-axis in the first quadrant.

y

Solve: Using trigonometry, 7, =rcosf, or 8 m= (10 m)cosé. This gives 8=36.9°. Thus the y-component of the

position vector 7 is r, =r sin@= (10 m)sin(36.9°) = 6 m.

Assess: The y-component is positive since the position vector is in the first quadrant.
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3.6. Visualize:

Known Enowmn. 4
T v =300 m/s
oo |
. V. 17_ _____ 1

Find Find y f) ! X
r ry Vy vy [ Vy
(a) (b)

Known y

a =5.0 m/s?

— o X
6 =90 Fo
a

Find

a, a,

©

We will follow rules in Tactics Box 3.1.

Solve: (a) Vector 7 points to the right and down, so the components r, and r, are positive and negative,
respectively:
1 =rcosf=(100 m)cos45°=71m, r, =-rsinf=—(100 m)sin45°=-71m
(b) Vector v points to the right and up, so the components v, and v, are both positive:
v, =vcosf=(300 m/s)cos(20°) =280 m/s, v, =vsin6 = (300 m/s)sin(20°) =100 m/s
(¢) Vector a has the following components:
a,=-acosf=—(5.0 m/sz)cos90° =0 m/s?, a, =-asind=—(5.0 m/sz)sin90° =-5.0 m/s’

Assess: The components have same units as the vectors. Note the minus signs we have manually inserted according
to Tactics Box 3.1.

3.7. Visualize:

Known ¥ Known
v=10m/s, 6 =90.0° 5 a=20m/s%, 0 =30°
0
Find Find
Ve Vy v vy a. a
(a) (b)
Known

F=100N, 6 =36.9°

Find
F.F,

(c)

We will follow the rules given in Tactics Box 3.1.
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Vectors and Coordinate Systems 3-5

Solve:

(a) v, =(10 m/s)c0s(90.0°) = 0 m/s v, =—=(10 cn/s)sin(90.0°) = —10 m/s
(b) a, =(20 m/s*)cos30°=17 m/s” @, =—(20 m/s”)sin30°=—10 m/s’
(¢) F,=—(100 N)sin(36.9°)=-60 N F, =(100 N)cos(36.9°) =80 N

Assess: The components have the same units as the vectors. Note the minus signs we have manually inserted
according to Tactics Box 3.1.

3.8. Visualize:

Known 5 Known
C=3.15m J D=25.6
6=15° 6 =30°
Find Find

C, Cy D, D,

The components of the vector C and D, and the angles & are shown.
Solve: For C we have C,=—(315m)cos(15°)=-3.04 m and Cy =(315m)sin(15°)=0.815 m. For D we have
D, =(25.6m)sin(30°)=12.8 m and D, =—(25.67 m)cos(30°) =-22.2m.

Assess: The components of the vectors C and D have the same units as the vectors themselves. Note the minus
signs we have manually inserted, as per the rules of Tactics Box 3.1.

3.9. Visualize:

Known
B, =20T, B, = -1.0T

Find
B 6o

Solve: The magnitude of the vector is B = \/Bf + Bi = \/(2.0 T)2 +(-1.0 T)> =50 T =22 T. The angle @ is

B
0= tan_lu = tan”! ﬂ =27°
B 20T

X

Assess: Since |By| < |BX|, the angle @ made with the +x-axis is less than 45°. 8 = 45° for |By| = |Bx|.

Section 3.4 Vector Algebra

3.10. Visualize:

Known Known 7y i
B.=—4 re=-2.0cm 0 0

B, - ry=—1.0cm r 7
Find Find

B 0 . r 8

(a) (b)
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&

Known x X
v,=—10m/s 0 0
vy = —100 m/s Known
_ a,=20m/s2

Bd =~ il ay = 10 m/s?
v e vy ‘
© Find

a 0

(d)

Solve: (a) Using the formulas for the magnitude and direction of a vector, we have:

B=v(-4)*+(4)* =57, =tan™' Gj =45°

() r=+/(=2.0 cm)? +(=1.0 cm)? =22 cm, @ =tan™" (%} —27°

(c) v= \/(—10 m/s)? +(—100 m/s)*> =100 m/s, 6=tan"" (%j =84°

@) a= \/(10 m/s?)? +(20 m/s?)? =22 m/s?, 6 =tan"! [%j =27°

3.11. Visualize:

Known
Known
= r,=50m
Ai =6 ry= 80 m
Find 7“‘5
A0 !
b
@) (b)
)7
KHOL Known ‘
V= —20 m/s ay= 2.0 m/82 X
v, =40 m/s a,v = —6.0 m/s?
Find Find
v 6 a 0
(© d)

Solve: (a) Using the formulas for the magnitude and direction of a vector, we have:

,
A= (4% +(-6)* =72, O=tan™" (—yj =tan~! (gj =56° below the +x-axis
14

X

(b) r=+/(50 m)2 +(80 m)2 =% m f=tan"! [ig—mj =58° above the +x-axis
m
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Vectors and Coordinate Systems 3-7

(©) v= \/(—20 m/s)’ +(40m/s)> =45m/s  O=tan”" (%} =63° above the —x-axis

) a= \/(2.0 m/s?)? +(—6.0 m/s>)? =63 m/s’ 6 =tan"! (%) =18° to the right of the —y-axis

3.12. Visualize:

Known

A=27+3f

B=47 -2/

Find

o e = X
C=A-B

We have C=A—B or C=A+(-B), where —B is the same as B, but in the opposite direction. Look back at
Tactics Box 1.2, which shows how to perform vector subtraction graphically.
Solve: To obtain vector C from A and B, we place the tail of —B on the tip of A, and then draw a vector arrow

from the tail of 4 to the tip of —B. Reading the coordonates off the graph, we find that C =—2i +5;

3.13. Visualize: The vectors 4, B, and C = A+ B are shown.

y
6_
4_
Known
A=4—2f B 2_6
B=-31+5
0
Find
. = . T T T T X
C=A+B —4 -2 0 2 4
Cand 0 A
72_
_4_

Solve: (a) Wehave A=4i —2] and B=-3i+5]. Thus, C=A+B=(4 —2))+(-3i +5))=1{ +3].

(b) Vectors A, B, and C are shown in the figure above.

(¢) Since C=1i+3]= fo +Cy}', C,=1, and C,=3. Therefore, the magnitude and direction of C are
C =1’ +@3)* =410=32 and §=tan""(C,/C,) =tan"'(3/1) = 72°, respectively.

Assess: The vector C is to the right and up, thus implying that both the x and y components are positive. Also
0 >45° since |Cy| > |Cx|.
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3.14. Visualize:

y

6_

4
Known
A=4i-2f B\ , |
B=-31+5
Find
s = = T T 0 T T T T X
D=A-B —4 -2 2 4 6 8
D and 6 A

_9 0

—4 D

_6_

78_

Solve: (a) Wehave A=4{ —2j, B=-3{ +5j,and—B=3{ —5]. Thus, D= A+ (—-B) = (4+3)i +(-2-5)j=7i = 7].
(b) Vectors A, B, and D are shown in the figure above.
(¢) Since D=7i — 7}' = Dxf + Dyj', D, =7 and D, =-1. Therefore, the magnitude and direction of D are

D=\ +(7?=7V2=99  g=tan”(|D,|/D,)=tan”'(7/7) = 45°

Assess: Since |Dy| =|Dx|, the angle 8 = 45°, as expected.

3.15. Visualize:

6_

4 4
Known
A=d4f-2f B\ , |
B=-3{+5

E
Find ] .
pry pry =y T T T T T T T
E=4A+2B -4 -2 0 2 4 6 8 10
E and 0 -
A
72_
—4 4

Solve: (a) We have A=4i—-2j and B=-3i+5;. This means 44=16i -8 and 2B=—6i +10]. Thus,
E=4A4+2B=[16+(-6)]i +[(—-8)+10]/ =10 + 2.

(b) Vectors A, B, and E are shown in the figure above.
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Vectors and Coordinate Systems 39

(¢) From the E vector, E. =10 and E, = 2. Therefore, the magnitude and direction of E are

E=4(10)° +(2)* =104 =10, §=tan"'(E /E,)=tan"'(2/10)=11°

So E is 11° above the +x-axis.

3.16. Visualize:

Known
A=47 -2}
B=-30+5]

Find
F=A—4B
Fand 6

Solve: (a) We have A=4i —2] and B=-3{ +5). This means 4B =—12i +20]. Hence, F = A—4B =[4—(-12)]i +
[2-20]j=16i -22j=F,i +F,j, so F, =16 and F, =—22.
(b) The vectors A, B, and F are shown in the above figure.
(¢) The magnitude and direction of F are
F=\F2+F2 =16/ +(-22)* =27

0=tan”\(|F,|/F,) = tan” (22/16) = 54°

Assess: [, > F, implies 6> 45°, which is consistent with the figure.

3.17. Visualize:

y
4 Coordinate
B system I
Known 0
— T T X
B = (5.0 m, 60° counterclockwise from vertical) —4 4
0 =30°
‘ 41
Find
B, B, in coordinate systems I and II
Coordinate
system II
m (o)
5 < B
B
30°
N
b

Solve: In coordinate system I, the vector B makes an angle of 60° counterclockwise from vertical, so it has an angle
of @ = 30° with the negative x-axis. Since B points to the left and up, it has a negative x-component and a positive
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y-component. Thus, B, =—(5.0 m)cos(30°)=—4.3 m and B, =+(5.0 m)sin(30°) = 2.5 m. Thus,
B=—(43m)i +(25m)].

In coordinate system II, the vector B makes an angle of 30° with the -+y-axis and is to the left and up. This means
we have to manually insert a minus sign for the x-component. Thus, B, =—Bsin(30°) =—(5.0 m)sin(30°) =-2.5 m,

and B, =+Bcos(30°) = (5.0 m)cos(30°) =43 m. Thus B=—(2.5 m)i +(43 m)j.

3.18. Visualize: Refer to Figure EX3.18. The velocity vector v points south and makes an angle of 30° with the
—y-axis. The vector v points to the left and down, implying that both v, and v, are negative.

Solve: We have v, =—vsin(30°) = —(100 m/s)sin(30°) = —-50 m/s and
v, =-vcos(30°) =—(100 m/s)cos(30°) = =87 m/s.

Assess: Notice that v, and v, have the same units as v.

3.19. Visualize: (a)

north
¥
Known A B
A=30m 6,=20° 0
B=20m 65=90° S
C=50m §p=70° west g, st
C OC ~ A

Find 2
Ay A, B, B, C, C,
D=A+B+C c
D and 6, relative to + x

south

Solve: (b) The components of the vectors A, B, and C are

A4, =(3.0m)cos(20°)=28 mand 4, =—(3.0 m)sin(20°)=-1.0 m; B, =0m and B, =2.0 m;

C,=—(5.0 m)cos(70°)=~-1.7 mand Cy =—(5.0 m)sin(70°) = —4.7 m. This means the vectors can be written as
A=Q2.8/+1.0))m, B=(2.0j)m, C=(-1.7i-4.7))m

(c) Wehave D=A+B+C=(11m) —(3.7 m)j. This means

D=y(11mP?+(37m?=39m  6=tan"'(39/1.09)="74°

The direction of D is south of east, 74° below the +x-axis.

3.20. Solve: We have E:Exf+Eyj=2f+3j, which means E,=2 and E, =3. Also, FzFXf+ij: 2i -27,

which means F, =2 and F), =—2.

(a) The magnitude of E is given by E :\/E)% +E§ :\/(2)2+(3)2 =36 and the magnitude of F is given by

F=\F2+F2=2?+@2? =28
(b) Since E + F=4i +1), the magnitude of E + F is \(4)* +(1)* =4.1.
(¢) Since —E —2F =—(2i +3))—2(2i —2j)=—6i +1], the magnitude of —E —2F is /(=6)> +(1)* =6.1.
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3.21. Solve: We have 7 =(5.0i + 4.0]A')t2 m. This means that 7 does not change the ratio of its components as
t increases; that is, the direction of 7 is constant. The magnitude of 7 is given by
r=+(5.06%)? +(4.0/*)*m = 6.40£* m.
(a) The particle’s distance from the originatz=0s,7=2s,and =5 sis 0 m, 26 m, and 160 m.
‘ o dF N . R A
(b) The particle’s velocity is V(¢) = 7: =(5.0i + 4.()j)?m/s =(5.00 +4.07)2t m/s=(10i +8.05)t m/s.
(¢) The magnitude of the particle’s velocity is given by v =1/(10¢)* +(8.0r)> =13 m/s. The particle’s speed at 7 =0's,
t=2s,and t=5sis 0 m/s, 26 m/s, and 64 m/s.

3.22. Visualize:

Known
0,=20° 6z=060°
A=3 B=2

b =180°— (6 — 0,) = 140°

Find
C 0,

Solve: (a) Vector C is the sum of vectors A4 and B, which is obtained using the tip-to-tip rule of graphical

addition. Its magnitude is measured to be 4.7 and its angle made with the +x-axis is measured to be 33°.
(b) The geometry of parallelograms shows that ¢ =180°— (65 —6,) =180°—(60° —20°) =140°. Combining this with

the law of cosines, C> = A> + B> —24B cos¢@, gives

C= \/(3)2 +(2)% =2(3)(2)cos(140°) = 4.7

Using the law of sines:
sin _ sinl40°
2 471

=>a=16°

Thus, 6. =oa+20°=36°.
(c) We have:
A, =Acos@, =3c0s20°=2.82 A, = Asin, =3sin20°=1.03

B, =Bcosfy =2c0s60°=1.00 B, = Bsinfp =2sin60°=1.73
This means: C, =4, +B, =382 and C, = 4, + B, =2.76. The magnitude and direction of C are given by

(C (276 .
c=\/C§+cj =382 +(276)* =47 . =tan I{C—yJ=tan I(E}%

X
Assess: Using the method of vector components and their algebraic addition to find the resultant vector yields the
same results as using the graphical addition of vectors.
3.23. Visualize: Refer to Figure P3.23 in your textbook.
Solve: (a) We are given that A+ B+C=1; with A=4i, and C=-2]. This means A+C=4i—2]. Thus,
B=(1))-(4d+C) = (1)) - (4 —2)) = —4i +3].

(b) Wehave =B,/ +B,j with B, =—4 and B, =3. Hence, B = J=2+(3)? =5

B 3

0 = tan”! —| y| =tan'| 2 |=37°
B, 4

Since B has a negative x-component and a positive y-component, the vector B is in the second quadrant and the

angle #made by B is measured above the —x-axis.
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Assess: Since |By| < |Bx|, 6 < 45° as obtained above.

3.24. Visualize:

¥
3
Find 24 \F
G=E+F \ ¢ 180° — ¢
G (a+0p=0; F\1] 4
E
0 0,
T T X
-1 0N\ 1
¢

Solve: (a) 6, =tan™" Gj =45°, Gp=tan"! Gj =63°. Thus ¢=180°—8; — ) =72°

(b) From the figure, E = V2 and F =+/5. Using
G*=E>+ F2 = 2EF cosp = (/2)> + (+/5)% = 2(+/2)(/5 ) cos (180° — 72°)

G=3
. i in (180° —72°
Furthermore, using Smo sin(180° —72°) = o =45°
NG 2975

Since @) =45°, the angle made by the vector G with the +x-axis is 05 =(a+06g)=45°+45°=90°.

(c) We have
E,=+10, and E,=+10

F,=-10, and F,=+20
G =00, and G,=30

G
G=+(00+(3.0%=30, and O=tan" u =tan~! [ﬂj =90°
G, ] 0.0

That is, the vector G makes an angle of 90° with the x-axis.
Assess: The graphical solution and the vector solution give the same answer within the given significance of figures.

3.25. Visualize: Refer to Figure P3.25.
Solve: From the rules of trigonometry, we have A4, =4cos(40°)=3.06 and A, =4sin(40°) =2.57. Also,

B, =-2c0s(10°)=-197 and B, =+2sin(10°) = 035. Since 4+ B+C =0,
C=-A—B=(-A)+(-B)=(-3.06i =257 )+ (+1.97{ —035}) =—1i —3].

3.26. Visualize:
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Solve: In the tilted coordinate system, the vectors A and B are expressed as:
A=[2sin(15°) m]{ +[2cos(15°) m]j and B =[4cos(15°) m]i —[4sin(15°) m].
Therefore, D = 24+ B = (4 m)[sin (15°) + cos(15°)]7 + (4 m)[cos(15°) —sin(15°)] } = (4.9 m)i + (2.9 m) J.

Assess: The magnitude of this vector is D = \/ 49 m)2 +(29 m)2 =5.7 m, and it makes an angle of

6 =tan"'(2.9 m/49 m)=31° with the +x-axis. The resultant vector can be obtained graphically by using the rule of
tail-to-tip addition.

3.27. Visualize:

y

1
Known i
A=i+7 5,
Find N
= B
lj such that
B = (1, direction
along P+ f) P

X
0 By

The magnitude of the unknown vector is 1 and its direction is along i + j. Let A= + ] as shown in the diagram.
That is, A=1/+1; and the x- and y-components of A are both unity. Since 6= tanfl(Ay/AX) =45°, the unknown
vector must make an angle of 45° with the +x-axis and have unit magnitude.

Solve: Let the unknown vector be B=B,i + Byj' where

o 1 . o 1
B, =Bcos(45°)=—=B and B, =Bsin(45 )=$B

V2

We want the magnitude of B tobe 1, so we have

2 2
B=,|B2+B’ =1:\/(%BJ +(%BJ =1=>+VB*=1=B=1

Thus,
B,=B, = %
Finally,
B:Bxf+Byj=%f+%]‘

3.28. Model: Carlos will be represented as a particle and the particle model will be used for motion under constant
acceleration kinetic equations.
Visualize:
Pictorial representation
y
Known
=0 1,=0
Vo = (5.0 m/s north of east)
Vi =V, _ a=0
£, =600s
Find 0
r 0

70, Vo, fo

© Copyright 2013 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



3-14 Chapter 3

Solve: Carlos runs at constant speed without changing direction. The total distance he travels is found from
kinematics:
R =1 +vyAt =0.0 m+ (5.0 m/s)(600 s) =3000 m
This displacement is north of east, or 8 =25° from the +x-axis. Thus the position 7 becomes
7 = (3000 m)[cos (25°)i +5in(25°)j]1=2.7 kmi +13 km
That is, Carlos ends up 1.3 km north of his starting position.
Assess: The choice of our coordinate system is such that the x-component of the displacement is along the east and

the y-component is along the north. The displacement of 3.0 km is reasonable for Carlos to run in 10 minutes if he is
an athlete.

3.29. Visualize: The coordinate system (x, y, z) is shown here; +x denotes east, +y denotes north, and +z denotes

upward vertical. The vectors S, (shortened to S.), S,pemoon (Shortened to S,), and the total displacement

morning

vector Sy =S, +S5,, are also shown.

(Up)
i (North)
~ y
Stotal =
/sz
S;S 5, 7 S
(West) il # x (East)
Sax §mx
(South)
(Down)

Solve: S =(2000i +3000; +200k) m, and S, = (~1500i + 2000 —300k) m. The total displacement is the sum of

the individual displacements.
(a) The sum of the z-components of the afternoon and morning displacements is S, +S,,, =300 m+200 m =

—100 m; that is, 100 m lower.
() Sy =S, +S,, = (5007 +5000] —100k) m; that is, (500 m east) + (5000 m north) — (100 m vertical). The
magnitude of your total displacement is

Siotal = \/(500)2 +(5000)% + (~100)> m=5.0 km

3.30. Visualize:

Known - =
AF'= Sg.20 — Sg.00 Known

S8:00= Sg:20= 2.0 cm

6 =30° Sg:00= So:00= 2.0 cm

A\g’u
8

Find
AF = S9.00 = Sg00

Find
A7 = Sg.00 ~Sg:00

Opmnnnnn

Only the minute hand is shown in the figure.
Solve: (a) We have 58;00 =(2.0 cm); and 58:20 = (2.0 cm)cos(30°)i — (2.0 cm)sin(30°) /. The displacement vector is
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Ar = 58:20 - §8:00
=(2.0 cm)[cos30° — (sin30°+1) /]
=(2.0 cm)(087; —=1.507)
=(1.7 cm)i — (3.0 cm) ]
(b) We have Sg.qo=(2.0 cm)j and Sy.o0 = (2.0 cm)j. The displacement vector is A7 = Sy.q0 — Sg.00 = 0.0 cm.

Assess: The displacement vector in part (a) has a positive x-component and a negative y-component. The vector thus
is to the right and points down, in quadrant IV. This is where the vector drawn from the tip of the 8:00 a.m. arm to
the tip of the 8:20 a.m. arm will point.

3.31. Visualize: (a)

(North)
y
Known /
ABC A
(West) 2 x (East)
Find . i
D 6 D
y
: C 450
o/
I (South)

Note that +x is along the east and +y is along the north.
Solve: (b) We are given 4=—(200 m)/, and can use trigonometry to obtain

B =—(400 m)cos (45°) — (400 m)sin (45°) = —(283 m)i — (283 m); and
C = (200 m)sin (30°) + (200 m)cos (30°) = (100 m)i + (173 m)j. We want A+ B+C+D =0, so
D=-A-B-C

=(200 m)j —[—(283 m)i — (283 m) j]—[(100 m)i + (173 m) j]=(183 m)7 + (310 m) j

The magnitude and direction of D are

D
D= \/(183 m)>+(310 m)*> =360 m and 6 =tan"! [D_yj =tan™! (wj =59°

N 183 m

This means D = (360 m 59° north of east).

(¢) The measured length of the vector D on the graph (with a ruler) is approximately 1.75 times the measured length
of vector A. Since 4 = 200 m, this gives D = 1.75 x 200 m = 350 m. Similarly, the angle @ measured with the
protractor is close to 60°. These answers are in close agreement to part (b).

3.32. Visualize: (a) The figure shows Sparky’s individual displacements and his net displacement.

y (north)
Known —
Dy, Dy, Dy Ends__ ¢ d
here D, net D 1
i 6 o
]imdi net 45 X (east)
Dyets Onet
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Solve: (b) D, =D, + D, +D;, where individual displacements are
Dy = (50 m)cos(45°)i + (50 m)sin(45°)j = (354 m)i + (354 m) ]
D, =—(70 m)i
Dy=—(20m);

Thus, to two significant figures, Sparky’s displacement is Dnet =—(35m)i +(15m)J.

(c) As a magnitude and angle,

net,x |

. D
Dy = \/(Dnehx)z +(Dyer,)? =(=35m)> +(15m)> =38 m, 6y =tan 1[%} =24°
Sparky’s net displacement is 38 m in a direction 24° north of west.

3.33. Visualize:

(North)
y
Known
ABC
Find A " x (East)
[7]=]A + B + C| 0 X 45°
B
c
Vector C is pointing

into the page.

Solve: We are given A=(5.0m){ and C =(~1.0 m)l€ Using trigonometry, B = (3.0 m)cos(45°)i — (3.0 m)sin(45°);
The total displacement is 7 = A+ B+C =(712 m)i —(212 m)j—(1.0 m)lg. The magnitude of 7 is

r= \/(7.12 m)? +(212m)?> +(1.0m)*> =75 m.

Assess: A displacement of 7.5 m is a reasonable displacement.

3.34. Visualize:

Known
v =100 m/s
0 =30°

Find
VI

Solve: We have v = vxf + vyj' =v i+ vl} =vcos6i +vsin@. Thus, v = vcos @ = (100 m/s)cos(30°) =87 m/s.

I
Assess: For the angle of 30°, 87 m/s for the horizontal component seems reasonable.
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3.35. Visualize:

Known
v=3.0m/s
v, =2.5m/s

Find
6 v

Solve: (a) Since v, =vcosB, we have 2.5 m/s =(3.0 m/s)cos@ = 6= cos™! (2'5 m/sj =34°,

3.0 m/s
(b) The vertical component is v, =vsin€ = (3.0 m/s)sin(34°) =1.7 m/s.

3.36. Visualize:

Known
6=20°
v=10m/s

Find
Vi Vs

16

The coordinate system used here is tilted so that the x-axis is along the slope.

Solve: The component of the velocity parallel to the x-axis is v, =—veos (70°) = —vsin(20°) = —(10 m/s)(0.34) =

—3.4 m/s. This is the speed down the slope. The component of the velocity perpendicular to the slope is
v =-vsin(70°) = —vcos(20°) = —(10 m/s)(0.94) = =9.4 m/s. This is the speed toward the ground.
Assess: A final speed of approximately 10 m/s implies a fall time of approximately 1 second under free fall. Note

that g=-9.8 m/s”. This time is reasonable for a drop of approximately 5 m, or 16 feet.
3.37. Visualize:

(a) . (b)
Known v
Veurrent = 1.0 m/s

Viow = 2.0 m/s 100 m

]!

current current

b

Find
gl

=2.0 m/s, it will take her
(100 m)/(2.0 m/s) = 50 s to row across. But while she’s doing so, the current sweeps her boat sideways at a speed

Veurrent =1-0m/s. In the 50 s it takes her to cross the river, the current sweeps here a distance

Solve: (a) The river is 100 m wide. If Mary rows due north at a constant speed of v,

row

d” = (Vourrent X350 8) =1.0 m/s x50 s = 50 m, so she lands 50 m east of the point that was directly across the river

from her when she started.

(b) Mary’s net displacement D, ., her displacement D, due to the river’s current, and her displacemnt D,

net > urrent

due to her rowing are shown in the figure.
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3.38. Visualize: Establish a coordinate system with origin at the tree and with the x-axis pointing east. Let A be a
displacement vector directly from the tree to the treasure. Vector 4 is A= (100i +500j) paces.

This describes the displacement you would undergo by walking north 500 paces, then east 100 paces. Instead, you
follow the road for 300 paces and undergo displacement

B =[300sin (60°) +300cos (60°) /] paces = (260 +150 /) paces

y (north)

Treasure

Yellow brick road

x (east)

Solve: Now let C be the displacement vector from your position to the treasure. From the figure A= B + C.
So the displacement you need to reach the treasure is C = A — B = (—160i +350) paces.

If Qis the angle measured between C and the y-axis,
6 =tan™' 160)_ 25°
350

You should head 25° west of north. You need to walk distance C =\/Cf +C§ =\/(—160)2 +(350)2 paces =385
paces to get to the treasure.

3.39. Visualize: A 3% grade rises 3 m for every 100 m of horizontal distance. The angle of the ground is
thus & = tan~'(3/100) =1.72°.

Establish a tilted coordinate system with one axis parallel to the ground and the other axis perpendicular to the
ground.

Solve: From the figure, the magnitude of the component vector of ¥ perpendicular to the ground
isv, =vsina.=15.0 m/s. But this is only the size. We also have to note that the direction of v, is down, so the
component is ¥, =—(15 m/s) ;.

3.40. Visualize: The average velocity is the net displacement Bnet divided by the total time, which are marked on

the graph. We also mark on the graph of the bacterium’s individual displacements and the time for each.
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¥ (um)

X (pum)

_40 T T T T 1
0 20 40 60 80 100

Solve: The magnitude of the net displacement is found with Pythagoreum’s rule, taking the values from the graph.

We have Dygy =y Dl o + D2y, =+/(40 um)? +(-20 pm)* = 45 pm. The direction of this displacement s

D
6 =tan"! M = tan~! m =27°
40 pm

net, x

The total time for the displacement is the sum of the individual times, which may be found by dividing each
individual distance by the bacterium’s constant speed of 20 pm/s. This gives

At 45 = D 45/(20 pnv/s) = \/(50 um)? +(10 pm)? /(20 pmvs) = (51.0 pm)/(20 pm/s) = 2.55 s
Atge = Dp/(20 pm/s) = (10 pm)/(20 pm/s) = 0.50 s

Atep = Dep/(20 pms) = /(40 pm)? +(10 um)? /(20 pm/s) = (41.0 um)/(20 pns) = 2.06 s

Aty = Dpp/(20 pm/s) = \/(—50 um)? + (=50 pm)? /(20 pm/s) = (70.7 pm)/(20 pm/s) = 3.54 s

The total time is therefore Aty =2.555+0.50s5+2.065+3.545=8.65s and the magnitude of the bacterium’s net
velocity is

D, 45pm
Vet = A B6Ss 5.2 pm/s
3.41. Visualize:
(North)
y
Known
Viind = 0.0 m/s R
= Vwin
vy = 8.0 m/s d > x (East)
0
Find N
0 iy /o)
\4
‘7wind
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Solve: The resulting velocity is given by V=g, +Vy,q, Where vyq =(6.0 m/s)i and Viy =—vsin 0i —vcosé ).
Substituting the known values we get v =—(8.0 m/s)sin 07 —(8.0 m/s) cosé’j+(6.0 m/s)i. We need to have v, =0.
This means 0=—(8.0 m/s)sin@d+ (6.0 m/s), so sin@ =§ or @=49°. Thus the ducks should head 49° west of south.

3.42. Model: We will treat the knot in the rope as a particle in static equilibrium.
Visualize:

Pictorial representation

Known R
F; =3.0 units F, 30°
F,=5.0 units
120°
Find N .
Fyand 0 PAVALY ﬁl
Fy

Solve: Expressing the vectors in component form, we have Fl =3.0/ and Fz =—5.0sin(30°)i +5.0cos(30°) /. Since

we must have F + F, + ]33 =0 for the know to remain stationary, we can write 1*:'3 =—F —F,=-050i-433]. The

magnitude of 17“3 is given by F; = \/ (—0.50)2 +(—4233)% = 4.4 units The angle between 133 and the negative x-axis is

0= tan_l(4.33/0.50) =83° below the negative x-axis.
Assess: The resultant vector has both components negative, and is therefore in quadrant III. Its magnitude and
direction are reasonable. Note the minus sign that we have manually inserted with the force }7“2.

3.43. Visualize:

Known
F;=30N F,=60N
F3=50N 6=30°

F,=30N

Fipd UV UL X
Fnel (Fnet)x (Fnel>y

Use a tilted coordinate system such that x-axis is down the slope.
Solve: Expressing all three forces in terms of unit vectors, we have Fi =—(3.0N)i, Fz =+(6.0N)/, and

Fy=(5.0 N)sini — (5.0 N)cos6 J.
(a) The component of I:”net parallel to the floor is (F), =—(3.0 N)+0 N+ (5.0 N)sin(30°)=-0.50 N, or 0.50 N

up the slope.
(b) The component of Fnet perpendicular to the floor is (), =0 N+ (6.0 N)—(5.0 N)cos(30°)=1.67 N, or .7 N

to two significant figures.
(¢) The magnitude of Foy is Fo = \/(Fret)y + Fret)y =\/(—0.50 N)?+(1.67N)> =1.74N, or 1.7 N to two

significant figures. The angle between F,, and the negative x-axis is

© Copyright 2013 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Vectors and Coordinate Systems 3-21

¢ =tan

L ),y ztan_1(1.67 Nj=7 .
050N

| net/x

F . is 73° clockwise from the —x-axis.

3.44. Visualize:

y
141 cm
Known ﬁB ;A—;LB
FB =30N - \+ \-I_-/ X
6 T
Fe= = :
Fp=20N 100 cm ) i
Fe RN
Find N
Fnet @C_ __________________ @D

Solve: Using trigonometry to calculate 6, we get 6 = tan~!(100 cm/141 cm) = 35.3°. Expressing the three forces
component form gives F =—(3.0 N)i, Fo =—(6.0 N)j, and Fp =+(2.0 N)cos(35.3°)i — (2.0 N) sin(35.3%)) =
(1.63 N)i —(1.16 N)j. The total force is F,., = Fg + Fc + Fy =—1.37 Ni —7.2 N j. The magnitude of F,,, is

Fhet = \/(137 N +(72N)?> =73 N.

6,

n

1 |(Fnet)y| — tan"! (ﬂ) =79°

=tan ————=
et |(Foeo)s| 137N

(7.3 N, 79° below the negative x-axis in quadrant III).

F =

net —
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