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Chapter 1

Interactions and Motion

1.1-Q-01

150 o~

Neutron Number
3
8

Atomic Number

By inspection, you can see that the number of neutrons increases faster as the atomic number increases.

1.2-Q-01

B, C, D, E, and F show evidence of an interaction. In the case of B, speed changes (and therefore velocity changes).
In the case of C through F, direction of motion changes (and therefore so does velocity). In the cases of A, velocity is
constant and therefore no net interaction is indicated.

1.2-Q-02

Here is a qualitative description of the diagram. During the first 4 minutes, the dots are evenly spaced since the
car’s speed is constant. During the next 4 minutes, the dots are successively farther apart since the car’s speed increases
during each minute. During the next 4 minutes, the dots are evenly spaced (approximately twice as far apart as during
the first 4 minutes) since the car’s speed is now constant once again (but a different constant than before). During the
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CHAPTER 1. INTERACTIONS AND MOTION

last 4 minutes, the dots are successively closer together since the car’s speed is decreasing. The dots must get closer
together faster than they got farther apart when the car first accelerated because the speed is decreasing at a greater rate
than it increased before.

1.3-Q-01

Reasons 1, 3, and 4 are true. Reason 2 is irrelevant. Reason 5 is correct only if one assumes that the spaceship
is indeed effectively infinitely far away from all other sources of gravitational attraction and is thus really only an
approximation, but a very good approximation.

1.3-Q-02

Observers 2, 4 may see something that appears to violate Newton’s first law because they are in reference frames
that are accelerating relative to Earth. These are not inertial reference frames, and Newton’s first law doesn’t hold for
such noninertial frames. Observers 1, 3, and 5 have constant velocity (magnitude and direction, relative to Earth) and
are thus in inertial reference frames so they will see Newton’s first law as not being violated.

1.3-Q-03

While you are walking and holding the book, the ball moves with a constant velocity (relative to an observer who is
standing at rest). When you stop, the ball continues moving with a constant velocity as it rolls across the book because
there is no net force on the ball to change its velocity, until it rolls off the book and then the net force on the ball is the
gravitational force by Earth which changes its velocity as it falls.

1.3-Q-04
Because nothing interacts with the spaceship, it will continue in a straight line and at a constant speed of 1 X 10'm /s.

1.4-Q-01
a, ¢, and d are vectors. b is a scalar.

1.9-Q-01
Statements 1 and 5 are correct. Statements 2, 3, and 4 are incorrect.

1.10-Q-01
(a) y is a scalar quantity.
(b) The minimum possible value of y is 1.

(c) The minimum value is reached when the object’s speed is low, specifically when it is zero.
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CHAPTER 1. INTERACTIONS AND MOTION

(d) There is no maximum value for y.
(e) y becomes large when an object’s speed is high.

(f) The approximation y = 1 applies when an object’s speed is low.

1.10-Q-02
The approximate formula for momentum may be used for (1), (2), (3) and (5) because in all of these cases, the

object or particle is moving with a speed much less than 3 X 108 m/s. In case (5), the electron’s speed is one-hundredth
the speed of light. If a highly precise calculation is not needed, then even in this case, the approximate formula for
momentum may be used. As a rule of thumb, if an object’s speed is less than about 10% of the speed of light, then the
approximate formula may be used, except in cases where high precision (i.e. many significant figures) is needed.

1.4-P-01
Add the vector components.

U, +0,=(8,12,-7) m+ (—4,0,6) m
=(84+-4,12+0,-7+6)m
={4,12,—1)m

1.4-P-02
(a) The magnitude of a vector is indicated by the length of the arrow representing the vector. The arrows that have
the same magnitude as @ have the same length as @. Counting gridlines shows that |_)5)| = 10 units (Note that we

don’t know what the unit is, and it doesn’t matter for answering this question.). So _b) < e, and f have the

. d,
same magnitude as a. You’ll need to use the Pythagorean theorem to prove this for b and d.

(b) Equal vectors must have both the same magnitude and the same direction. So @, C, and f are the only ones
meeting these criteria.

1.4-P-03

|7|=‘/V2+V2+V2
6\> 2 7\2
- <8><10> +(0) +<—2><10> m/s

=2.15% 10 m/s
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CHAPTER 1. INTERACTIONS AND MOTION

1.4-P-04
7 =(5,3,00m
b =(6,-9,0)m
T =(-10,3,0)m
|_a)| = 32 +a2 +a2
=/ (5?*+3?+ (0 m=58m
"b)’ =1 /b2 +b% +b°
= \/ 6)* + (=9 + (0’ m = 10.8m
IC] =4 [+ +c?
= /102 + 3 + P m=104m
1.4-P-05

Extract components by counting gridlines.
(a) @ =(—4,-3,0)
(b) b =(—4,-3,0)
(c) The statement is true. a and b have the same components, so the two vectors must be equivalent.
(d) T =(4,3,0)

(e) The statement is true. Each component of € is the opposite of the corresponding component of a so the actual
vectors are opposites.

(0 d =(-3,4,0)

(g) The statement is false because corresponding components of € and d are not opposites.

1.4-P-06

(a) See drawing.

1-4
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CHAPTER 1. INTERACTIONS AND MOTION

joliy 4
/

(b) See drawing.

</ ¥

1.4-P-07

3 =(2.0)(0.02, —1.7,30.0)
= (0.04,—3.4,60.0)

1.4-P-08

(@ d =(-6,3,2)m
() €=-d =—(—6,3,2)m = (+6,-3,-2)m
(c) Take the position of the vector’s tail and add the vector d. (=5,-2,4)m+ (-6,3,2)m = (—11,1,6) m

(d) Take the position of the vector’s tail and add the vector -d. (-1,-1,-1)m+ (—(-6,3,2) m) = (5, -4,-3)m

1-5
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CHAPTER 1. INTERACTIONS AND MOTION

1.4-P-09
Call 1 the direction of an arbitrary vector, then for the first vector we have
~ (2,2,2)
n=
V@ + @7+ )7
(2,2,2)

(3,3,3)

V3 +(3)?+ )7

_ (3,3,3)

3

~ (0.58,0.58,0.58)

These directions are the same! How can that be? They’re the same because one vector is a multiple of the other.

(3,3,3) = % (2,2,2). Of course you could also write (2,2,2) = % (3,3,3). When two vectors are multiples of each
other, their directions must be either parallel (if related by a positive multiple) or opposite (if related by a negative
multiple).

1.4-P-10

(a) See figure.

(b) See figure.
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CHAPTER 1. INTERACTIONS AND MOTION

L)
Gaall

(c) The magnitude of 2T will be twice the magnitude of .
(d) The direction of 2T is the same as that of f .

(e) See figure.

\]
HHR{[

et

(f) The magnitude of ?/2 is half that of f .
(g) The direction of ?/ 2 is the same as that of f .

(h) Yes, multiplying a vector by a scalar changes the magnitude, assuming the scalar is neither 0 nor +1.

®

Note that you must not attempt to solve for a by dividing both sides by f because dividing by a vector is not
defined. Instead, what you are really doing here is solving the equation by visual inspection. You may have never
thought of this as a legitimate way of solving an equation, but this is a vector equation and the rules of ordinary
algebra do not always apply to vector equations. Until you learn how to correctly solve vector equations using the
rules of vector algebra (hopefully your instructor will show you), visual inspection is a perfectly legitimate way of
solving them.
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CHAPTER 1. INTERACTIONS AND MOTION

1.4-P-11
The concept of writing a vector as a magnitude multiplying a direction is important and will appear many times in
later chapters. It also forces you to think about each part, magnitude and direction, individually.

a=|al-a
1T = \/(400 m/s2)” + (200 m/s2)” + (=100 m/s2)?
| 2| = 458.3m/s>
~ 3
a=—
la]

(400,200, —100) m/s?
B 458.3m/s?
- =458.3m/s?(0.873,0.436,-0.218)

1.4-P-12

(a) See figure.

™N
UR]

(b)

1€1=1/®*+ (> +(0ym

= 8.06 m

©

. (4,7,0)m
g=—=—
|a|
_(4,7,0)m
~ 8.06m
= (0.496,0.868, 0)

(d) See figure.

1-8

https://testbanks.ac/prodcut/9781119805151-solutions


https://testbanks.ac/prodcut/9781119805151-solutions

CHAPTER 1. INTERACTIONS AND MOTION

(e

1.4-P-13
(@)

(b)

(©

1.4-P-14
(a)

A/

|Z18 = 8.06m (0.496, 0.868, 0)
=(4,7,0)m

7= <3 %10 3% 107" 8 x 10‘1°> m

2 2 2
IT| = \/(3 x107%) 4 (=3 x107°) + (8 x 107) 'm

=9.1%x10 m

|~

A
r =

=

| T]
<3 x 107 _3% 107" 8 x 10_10>m

9.1x107%m
=(0.33,-0.33,0.88)

—> — —
r r —r
21 2 1

=(5,2,0)m —(3,-2,0)m
=(2,4,0)m
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CHAPTER 1. INTERACTIONS AND MOTION

(b)
T =7 —T
12 1 2
= (3,-2,0)m - (5,2,0)m
= (=2,-4,0)m
Notethat T. = —T _.
21 12
1.4-P-15

One way of thinking about the arrow representation of a vector is that the components tell you how to get from the
tail to the head. This is equivalent to the position of the head relative to the position of the tail.

(a)
(4,-13,0)m — (9.5,7,0) m = (=5.5,-20,0) m
(b)
\/ (=5.5 m)? + (=20 m)> + (0 m)> = 20.74m
1.4-P-16

A helpful hint is to remember that the notation ?AB is the position of A relative to B, which is equivalent to saying
stand at B and tell me how to get to A. Then you have simply TA = Y)A - TB, with the subtraction done in the order
in which the indices appear.

B

(a)
T =T -T
tree,head tree head
= (=25,35,43)m — (12,30, 13)m
= (=37,5,30)m
(b)
7] = V37 457+ GO
=479m
1.4-P-17

A helpful hint is to remember that the notation ?AB is the position of A relative to B, which is equivalent to saying
stand at B and tell me how to get to A. Then you have simply T =T, — T, with the subtraction done in the order
in which the indices appear.
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CHAPTER 1. INTERACTIONS AND MOTION

(a)
Too=F T
planet,star planet star
0 0 0 0 0 0
- <—4>< 10", —9x 10" 6 x 10" >m— <6>< 10,8 x 10" 6 x 10" >m
- <—10 x 10" =17 x 101°,o> m
(b)
— - —?
star,planet planet,sub
- <10 x 10" 17 x 10”’,0> m
1.4-P-18
No unit is given, so assume an arbitrary unit in your own calculation.
(2)
T =T -—-T
planet,star planet star
- <—1 %1078 % 10" =3 x 101°> - <6 x 10" =5 % 10" 1 x 101°>
- <—7 x 1013 x 10", -4 x 10”’>
(b)
2 2 2
|7 | = \/(—7 x10'%)"+ (13 % 10") + (=4 x 10'°)
—15%10"
©
2 2 2
\/<—7 x 10‘0) + (13 x 10‘°> + (—4 x 10‘0)
T =
planet,star 15 X 1011
= (—0.46,0.85,-0.26)
1.4-P-19
Y)proton,electron = <x17 — Xe» yP ~ Ve ZP - Z‘-’)
?electron,proton = <Xe - xp’ ye - yp’ Ze - Zp>

1-11

https://testbanks.ac/prodcut/9781119805151-solutions


https://testbanks.ac/prodcut/9781119805151-solutions

CHAPTER 1. INTERACTIONS AND MOTION

1.4-P-20

(3,3,3) x 10 °m
V32 +3)?+ (3 x10m
_(3,3,3)

V27

= (0.577,0.577,0.577)

A~
r=

By symmetry, the diagonal makes the same angle with each coordinate axis, so it doesn’t matter which one we use.

Let’s use the y-axis.
cos <0 > =r
y y

=0.577
0 =cos¥! (0.577)
y

=55°
1.6-P-01
(a)
_ AT
vV o o=—
avg At
?f - ?i
N
_(=0.202,0.054,0.098) m — (0.2,-0.05,0.1) m
2% 107
_ (=0.402,0.104, —0.002) m
2x107%

- <—2.o1 x 10°,5.2 x 10%, =1 x 1o3> m/s

(b) Average speed is not always equal to the magnitude of average velocity unless the motion is linear. We can proceed
with this assumption.

—

2 2 2
=\/(—2.01x105) +<5.2x104) +<—1x103) m/s

=208 % 10°m/s

avg

1.6-P-02
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CHAPTER 1. INTERACTIONS AND MOTION

T =(158,-3)m
T =(20,6,-1)m
At=0.1s
- _ AT
N = —
v At
T -7
_ f i
At
~(20,6,—1)m — (15,8,—3)m
B 0.1s
_ (5,-2,2)m
~ 0Is
= (50,-20,20) m/s
1.6-P-03
Att=0: T =(0,0,0)
At; =200s :  ¥=(1,0,0)
Aty =300s : ¥ =(cos (45°),0,cos (45°))
Aty = 1505 : ¥ = (cos (60°),0,cos (30°))
V=|V|V=Q2m/s)V

Use the position update equation for each time interval.
(a)
Aty =200s : T =T +V_ At
f i avg
=(0,0,0) + 2m/s)(1,0,0) (2005s)
= (400, 0,0) m

Aty =300s : T

=T +V_ At
f i avg

= (400,0,0) m + (2m/s) {cos (45°),0,cos (45°)) (300)
= (824,0,424) m

Aty =150s : T =T +V_ At
f i avg

= (824,0,424)m + (2m/s) {cos (60°) ,0,cos (30°) ) (150s)
= (974,0,684) m

1-13

https://testbanks.ac/prodcut/9781119805151-solutions


https://testbanks.ac/prodcut/9781119805151-solutions

CHAPTER 1. INTERACTIONS AND MOTION

(b) The total duration of time is 200s + 300s + 150 s = 650s.

AT f,-T,
A% = — =
ae T At At
_(974,0,684) m — (0,0,0)
- 650

= (1.50,0, 1.05) m/s

1.6-P-04
?i = (50,20,30) m
Tr =(53,18,31)m
At =0.1s
- AT
A% =
avg At
T -T
_ f i
At
_ (53,18,31) m — (50,20,30) m
h 0.1s
_ (3,-2,1)m
T 0ds
= (30,-20,10) m/s
1.6-P-05

7 =(-3x10,-4x 10,8 x 10"} m

P = <_1.4 X 10, -6.2 % 10°,9.7 x 103>m
{ = 184s

t =21.4s
f

At =214s—18.4s
=30s
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CHAPTER 1. INTERACTIONS AND MOTION

- AT
vV o =—
we T A7
T -7
— f i
A
<—1.4 % 10°.-6.2 x 10°.9.7 x 103> m— <—3 % 10°.—4 x 10°.8 x 103>m
- 3s
3 3 3
<1.6><10,—2.2><10,1.7><10>m

3s

= <5.33 % 10°.—7.33 x 10°.5.67 X 102> m

1.6-P-06

(a)

V = (=20,-90,40) m/s
T = (200,300, -500) m
T = (~380,-2310,660) m

- AT
vV =—
avg At
You cannot divide vectors, so
AT
At # =—
%
avg
You may use
‘ATW
At = =
|—>
%
avg
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CHAPTER 1. INTERACTIONS AND MOTION

This method gives

avg x

_ —380m —200m
B —20m/s
=29s

(b)

AT =T -7
1

= (—380, —2810, 660) m — (200, 300, —500) m
= (—580,-2610, 1160) m

AT = \/(—580)2 +(—2610)* + (1160)* m
=2914m

(©

—

- T
[V] A
t
_ 2914m
© 295
=100m/s

(d)

[«

A~
V=

<{

V]

_ (=20,-90,40) m/s
h 100.5m/s

= (-0.2,-0.9,0.4)

1.6-P-07
(a) From? =6.35t06.8s:

At =6.8s—-6.3s
=05s
=(-3.5,94,0)m
=(-1.3,6.2,0)m

—
r.
i

>
r.
f
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CHAPTER 1. INTERACTIONS AND MOTION

- AT
vV =—
ae At
_ (-1.3,62,0)m —(-3.5,9.4,0)m
- 0.5s
_(22,-32,0)m
N 0.5s

=(4.4,-6.4,0)m/s

(b) Fromt =6.3sto7.3s:

At=73s—-63s

=1.0s
f)i =(-3.5,9.4,0) m
Y)f =(0.5,1.7,0) m
- AT
vV =—
avg A[
_ (0.5,1.7,0) m — (-3.5,9.4,0) m
B 1.0s
=(4,-7.7,0)m/s

(c) The best estimate for V at t = 6.3 s is the average velocity during the smallest possible time interval that includes
t = 6.3s. Thus, the time interval from ¢t =

6.3s to 6.8s gives the best possible estimate in this case for the
instantaneous velocity at f = 6.3 s.

(d) Assume that the bee’s average velocity between t = 6.3 s and 6.33 s is approximately constant. From t = 6.3 s to
6.33s:
At =6.335—-63s
=0.03s
Ti =(-3.5,94,0)m
Vavg ~ (4.4,-6.4,0)m/s

—
— _AI'

V —
v ~ Ar
AT =V At

Vg

= ((4.4,—6.4,0) m/s) (0.03 s)
= (0.132,-0.192,0) m

1.7-P-01

1-17

https://testbanks.ac/prodcut/9781119805151-solutions


https://testbanks.ac/prodcut/9781119805151-solutions

CHAPTER 1. INTERACTIONS AND MOTION

We are given the later (final) position, and we need to calculate the earlier (initial) position. The time interval is 2
s. Use the definition of average velocity.

L AF
Uaug - E
N _ rf—r[
Uavg - At
T =rf—UaUgAt

>~

;=(=9,11,-5) m — ((—6,9.5,-5) m/s) (2 s)

7 =(3,-8,-5)m
1.7-P-02
t =12s
1
?i = (84,78,24) m
vV =(4,0,-3)m/s
t =18s
2
At=t —t
2 1
=18s—12s
=6s
Tt_ = Ti + VAt
= (84,78,24) m + ({(4,0,-3) m/s) (6 5)
=(84,78,24)m + (24,0,—18) m
= (108,78,6) m
1.7-P-03
(a)

T =(0.02,0.04,-0.06) m
T =(0.02,1.84,-0.86) m

At=2%10"s

1-18
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CHAPTER 1. INTERACTIONS AND MOTION

—
r.

At
_(0.02,1.84,-0.86) m — (0.02,0.04, —0.06) m

2% 107%s

_(0,1.8,-0.8)m
2 % 107%s
- <0,9 x 10°, 4 x 105> m/s

(b) Now, for this time interval of 5 X 10_6s, the initial position of the electron is its position at the end of the previous
2 % 10 %s interval.
Ti =(0.02,1.84,—-0.86) m
At=5%10"s
V= <0,9 X 107, —4 x 105> m/s

?f = ?i + VAt
— (0.02,1.84,-0.86) m + ((0, 9% 10°, -4 x 105> m/s) (5 x 10‘65)

= (0.02,1.84, —0.86) m + (0,4.5, —2) m
= (0.02,6.34,-2.86) m

.. . .. -6 -6 -6 .
Another way to solve it is to consider the total time interval of 2 X 10 s +5Xx 10 "s =7 x 10 s. In this case,

- . , .. .o -6 .
I is the electron’s position at the beginning of the 2 X 10 s interval.

T =(0.02,0.04,-0.06) m

Ar=5x%10"s
T = (0.02,0.04,-0.06) m + ((0,9 X 107, —4 x 105> m/s) (7 x 10_6s>

= (0.02,0.04, —0.06) m + (0,6.3, —2.8) m
= (0.02,6.34, -2.86) m

. . . . -6 . .
which agrees with the same answer obtained using the 5 X 10 s time interval.

1.7-P-04
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(a) Assume that his velocity is in the +x direction. Then

Av 7f -V
YT A T At
70 — 140
_ m/s06 m/s=—117m/32

| 7| ~ —120m/s>

(b) Since g ~ 10m/s?, then | 2| ~ 120/10 = 12 g’s.

1.7-P-05
T, =(7.21,-17)m
At =3s
7avg =(—11,42,11) m/s
y =?
f
T =T +V At
f i avg
=(7,21,-17)m+ ((—11,42,11) m/s) (3 s)
=(7,21,-17) m + (—33,126,33) m
=(-26,147,16) m
Soy =147m.
f
1.7-P-06

T, = (0.06,1.03,0)m
V:wg =(17,4,6)m/s

At =0.7s
T =?
f
Use the position update equation.
T =T +V_ At
f i avg

= (0.06,1.03,0) m + ((17,4,6) m/s) (0.7s)
=(11.96,3.83,4.2) m

1-20
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Thus, the ball’s height after a time interval of 0.7 s is 3.83 m.

1.7-P-07

(@)

<{

p— B ?A

T Af

_(22.3,26.1,0)m — (0,0,0)
B 1.0s—0.0s
=(22.3,26.1,0)m/s

Ar
avg AB At
—
r
B

(b) Fromt = 1.0s to t = 2.0's, assuming it travels with a constant velocity of (22.3,26.1,0) m/s,

>
T

— —
=T +V
f i a

= At
g

LV

= (22.3,26.1,0) m + ({22.3,26.1,0) m/s) (2.0s — 1.05s)
=(22.3,26.1,0) m + (22.3,26.1,0) m
= (44.6,52.2,0) m

(c) T atpoint C is (40.1, 38.1,0) m which is not the same as what we predicted. We assumed constant velocity when
making our prediction; however, in reality the velocity was not constant, but was decreasing in both the x and

y directions. An approximation of constant velocity is only valid for small time intervals. For this projectile,
At = 1.0 s was not a small enough time interval to reasonably assume constant velocity.

1.7-P-08

t =6s
t =10s
f
?1 =(6,—3,10)m
?)f =(6.8,-4.2,11.2) m

—

r att =8.5s="?
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Assume that the butterfly travels with a constant velocity. Calculate its velocity.

. AT
vV =—-—
avg At
T —-T,
_ f i
At
_ (6.8,—-4.2,11.2) m — (6,—3,10) m
B 10s—65
_ (0.8,-1.2,1.2) m

4s
=(0.2,-0.3,0.3) m/s

Now calculate its position at t = 8.5 s, if it starts at = 6.0 .

?=ﬁ+ﬁ£t

= (6,-3,10)m + ({(0.2,-0.3,0.3) m/s) (8.5s — 65)
=(6,-3,10)m + ({(0.2, —0.3,0.3) m/s) (2.5 5)
=(6,-3,10)m + (0.5,—0.75,0.75) m

= (6.5,-3.75,10.75) m

1.8-P-01
(@ 3
(b) 6
© 1
) 5

(e) 2and 4

1.8-P-02
(a) 4
(b) 1
© 6
@ 3

) 7
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1.8-P-03
Graph 1

1.8-P-04
Graphs 2 and 4

1.8-P-05
Graphs 2, 3, 4, and 5

1.8-P-06
Graphs 3, 4, and 6

1.9-P-01
| V] << c therefore

Pl =m|V]
= (0.155kg) (40 m/s)
=6.2kg-m/s
1.9-P-02
Note: |V] << ¢

m=04kg

vV =(38,0,-2)m/s

P=mvV

= (0.4kg) ((38,0,—2) m/s)
=(15.2,0,—-10.8) kg - m/s

1P| = \/(15.2)2 +(0)2 +(-10.8)’ kg - m/s
= 18.6kg-m/s

1.9-P-03
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Note: V << ¢

1.9-P-04

Note: V << ¢

1.9-P-05

1.9-P-06

m = 1000kg
| V| = (500 mph) <L/S>
2.2369 mph
=224m/s
Pl =m|V]
= (1000kg) (224 m/s)

=224 % 10 kg - m/s

m=155g
= 0.155kg
I¥] = (100 mph) <L/S>
2.2369 mph
=447Tm/s

1Pl =m|V]|
= (0.155kg) (44.7m/s)
=6.93kg-m/s

P =(4,-5,2)kg -m/s

1Bl = /@2 + (=57 + @ ke - m/s
=6.7kg -m/s
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m=1.6kg
P =(0,0,4)kg-m/s

(a)
Pl =4kg-m/s
(b)
~_ 7
P= =
Ipl
=(0,0,1)
(©
Pl =m|V]|
~, _ 17l
V] =—
m
_4kg-m/s
~ 1.6kg
=25m/s
1.9-P-07

(a) Draw a sketch of the situation, like the one shown in the figure below..

Sﬁi
ﬁfz

Sketch the change in momentum vector by drawing the initial and final momentum vectors tail to tail and drawing
the change in momentum from the head of the initial momentum to the head of the final momentum, as shown in

the figure below..
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AA

<

m
<2mv 0.0

>_
0.0)
)

The change in momentum is in the —x direction which is consistent with the picture.
(b)
AlBI=|5,|- 5|
=m ’7f| —m'Vi’
=mv —mv
=0
Note |AP]| # AP |.

1.9-P-08
The ball’s velocity in the x and z direction is zero before and after the bounce. In the y-direction, v. = +5m/s
Iy
and v = —5m/s. The change in velocity due to the collision is

AV = Vf - 7i
=(0,5,0)m/s — (0,—5,0) m/s
=(0,10,0) m/s
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Using the low-speed approximation for momentum, then

AD = mAV
= 0.57kg ({0, 10,0) m/s)
=(0,5.7,0)kg - m/s

1.9-P-09
It helps to sketch the velocity vector for the basketball before and after it hits the floor.

Ty, Ty,

| L

viy 1305

Vi '/ 60°

”””””””” N ™ e w
Y e i
7 |

The angle of the vector with the +y axis is 30 °, and the angle with the +x axis is 60 °. The vector’s components
can be easily calculated using the cosine of each of these angles. Thus

X

vV o= |7i|cos (60°) =2.5m/s

V. o=- |7 |cos (30°) = -4.33m/s

iy i

After the ball bounces,v. =v =25m/sandv =-v =+44.33m/s. The change in velocity is
fx i fy iy

x

AV=V -V
=(2.5,4.33,0)m/s — (2.5,-4.33,0) m/s
= (0,8.66,0) m/s

Using the low speed approximation for momentum, the change in momentum is
AP ~ mAV

~ (0.57kg) ({0, 8.66,0) m/s)
~(0,4.9,0)kg - m/s

1.9-P-10
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Acceleration is a vector, @ = AV /At = (V)f - Vi) /At. Note that in general, a # (’7f| - |7i|> /At. There
is a very important difference in these two equations (one of which is correct). Therefore, assume that the rocket is
traveling vertically, and express the given speed of the rocket as a velocity vector in the +y direction.

V. = (0,2300,0) m/s
V. =(0,0,0)m/s
At =170s

The acceleration is

—
a

AV <T/)f - Vi)
A At
_({0,2300,0)m/s — (0,0,0) m/s)
a 170s
=(0,13.5,0Ym/s” = (0, 14,0) m/s>

|Z| = 14m/s’

Since g &~ 10m/s2, then the acceleration of the rocket is approximately 14/10 = 1.4 g’s.

1.9-P-11

In going all the way around, in one revolution, P _is the same as p . Thus, [Ap| = 0.

In going half a revolution (180 °), sketch _p)i and f)’f at opposite sides of the circle, as shown in the example in the
figure below. (You may choose any two points on the circle, as long as they are on opposite sides of the circle. Also,
you may assume either counterclockwise or clockwise rotation. Your choice of points or direction of rotation does not
affect the final answer for the magnitude of the change in momentum.)

rotation

T~

=1

oL

To find the change in momentum, sketch P, and P tail to tail. AP is the vector from the head of P to the head
of P . See the figure below..
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T

ol

vy

As you can see, Ap = 2p . Thus,

AFI=2|F|
:2m’7f‘
=2(50kg) (5m/s)
=500kg - m/s

1.9-P-12
(a)
A_p)BC = _p)c - I_))B

= (2.55,0.97,0)kg - m/s — (3.03,2.83,0) kg - m/s
=(—0.48,-1.86,0)kg - m/s

ApCD = pD - pC
=(2.24,-0.57,0)kg - m/s — (2.55,0.97,0) kg - m/s
=(-0.31,-1.54,0)kg - m/s

ApDE = pE - pD
=(1.97,-1.93,0) kg - m/s — (2.24,-0.57,0) kg - m/s
=(-0.27,-1.36,0) kg - m/s

— —

AP, =P.~ P,
= (1.68,-3.04,0)kg - m/s — (1.97,-1.93,0) kg - m/s
=(-0.29,—1.11,0) kg - m/s
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(b) To sketch AP, , sketch P, tail-to-tail at the location of P, and sketch AP, . from the head of P _ to the head of
_p)B. Do this for each of the other vectors as well. The results are shown in the figure below..

p
¢ p
D
pB ) C I‘)’D Aﬁcl; \ ApDE
Pyt P, I_)\
E
P

is greatest because both Ap and Ap are greatest (in magnitude) for the interval from B to C.

© |AF,

1.9-P-13

m=3kg
P = (60,150,-30)kg - m/s

Since | V| << ¢, then p ~ mV.

—
~
~

P _(60,150,-30) kg - m/s
m_ 3kg
~ (20,50,—10) m/s

1.9-P-14

m = 1500kg
T =(300,0,0)m

7 = (45000,0,0) kg - m/s
At =10s

T =?
f

Since | V| << c,then p ~ mV.

_ (45000,0,0)kg - m/s
B 1500 kg
~ (600,0,0) m/s

-
—_—> p
m

vV r
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To find the final position, use the position update equation.

?f = ?i + VAt
= (300,0,0) m + ({600, 0,0) m/s) (10s)
= (600, 0,0) m

1.9-P-15

m=0.17kg

P =(0,0,-6.3)kg - m/s
T, =(0,0,-26)m

At =04s

T =?

i

Since | V| << ¢, then p ~ mV.

-~ p (0,0,-63)kg-m/s
vV —_ =

m 0.17kg
{0,0,-37.06) m/s

~
~
~

In this case we want to find the initial position (i.e. the position before the 0.4 s time interval). Use the position
update equation and solve for the initial position.

= (0,0, -26) m — ({0,0, —37.06) m/s) (0.4 s)
=(0,0,—11)m

Since the velocity was in the z-direction only, then the x-position and y-position did not change.

1.9-P-16

m =400kg

T = <0,3 % 10", -6 x 104>m

7= <6 x 10°,0,-3.6 x 103> kg -m/s
At =2min = 1208

T =?
f
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Since | V| << ¢, then p ~ mV.

<6 x 10°,0,-3.6 x 1o3> kg -m/s
400kg

~ (15,0,-9)m/s

To find the final position, use the position update equation.

r
- <0,3 x 10", -6 x 1o4> m + ((15,0,-9) m/s) (120s)

={1.08x10°3x 10" 6.11 x 104>m

1.10-P-01

m  =167x10 " kg

proton
1Pl =ym|V]
—
m|V|
IV
1- i

(1.67 x 10_27kg) (0.88) (3 x 108m/s)

1 (0.88¢)2
- &

(1.67 x 10_27kg> (0.88) (3 x 108m/s)

\/1—(0.88)°

=928 %10 kg-m/s

1.10-P-02

m  =9.11x10 kg

electron

| V] = 0.95¢
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e}
I
<
3
3 =
— <
< =

<12
1— |Zz|
m (0.95¢)
1— (0.95¢)

(Y
]

m (0.95¢)

{

1 —(0.95)

/

9.11 x 10_31kg> (0.95) (3 x 108m/s)

\/1—(0.95)

—831x 10 “kg-m/s

1.10-P-03

m  =1.67x10 " kg

proton

Il
<
3
<

1

m (0.9999¢)

1 (0.9999¢)?
- OZ220

m (0.9999¢)

i

1 = (0.9999)°

/)

1.67 x 10_27kg> (0.9999) (3 x 108m/s>

/1 = (0.9999)%

=354x 10 kg-m/s

1.10-P-04
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(@)

m  =1.67x10 kg

proton
|¥] = 0.99¢
If |p| =~ m| V], then

1T = <1.67 x 10_27kg> (0.99) (3 x 108m/s>

=496 10 kg -m/s

(b) Since | V| is not small compared to c,

1Pl =ym|V]

1— 'Cz
m (0.99¢)

1— (0.99¢)?

o
S

m (0.99¢)

{

1 —(0.99)°

//

1.67 x 10_27kg) (0.99) (3 x 108m/s>

\/1-(0.99)

=352% 10 "kg-m/s

©

P

352%10 kg m/s
4.96 x 10" kg - m/s

correct

—
p approx

=71

Thus, the approximate calculation for the momentum of the particle is about 7 times too small.

1.10-P-05
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|V] = 0.9996¢

1 (0.9996¢)2
-

1
\/1 = (0.9996)*

=354

1.10-P-06

=31
m =9x10 kg
electron

|¥] = 0.996¢
0 = (—.655,-0.492, —0.573)

(a)

1 - (0.996)>
1.2

(b)
17| = 0.996¢
= (0.996) (3 x 108m/s>

=2.988 x 10°m/s

©
1Pl =ym|V|
= (112) (9 10_31kg> (2.988 108m/s>

=3.0x10 kg m/s
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(d)
p=1pIP
Since P is proportional to V, then their unit vectors p and ¥ are the same. Thus,

7= (3 x 10_21m/s) (0.655,-0.492, —0.573)

- <1.97 x 107, 148 x 10", —1.72 x 10‘21> kg - m/s

1.10-P-07
IPl=ym|V]
M = (0.85¢
m
Thus,
v 7] = 0.85¢
VT _se
71
1 - C_z
2
|V] 2
—— = (0.850)
1 -

2
2
IV =(0.85c)2<1— V] )
C2

2 2
V1" = (0.85¢)* = (0.85)% | V|
IVI2 +(0.85) |7|2 = (0.85¢)?

1717 (1 +0.85%) = (0.85¢)?
2 (0.85¢)
V=
1 +(0.85)
- 0.85¢
V)= ——=
\/1+ (0.85)
= 0.65¢
1-36
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1.11-P-01
Lines 8-12 are new lines of code which were added to the code given in Section 1.11.2. The program was written
to run in Web VPython.

Web VPython 3.2

box (pos=vector (0,0,0) ,length=2,width=2, height=2, opacity=0.4)
sphere (pos=vector (0,0,0), color=color.yellow, radius=0.2)
sphere (pos=vector(—1,-1,1), radius=0.2, color=color.red)
sphere (pos=vector(—-1,—1,—1), radius=0.2, color=color.red)
sphere (pos=vector(—1,1,—1), radius=0.2, color=color.red)
sphere (pos=vector(—1,1,1), radius=0.2, color=color.red)
sphere (pos=vector (1,1,1), radius=0.2, color=color.red)

sphere (pos=vector(1,1,—1), radius=0.2, color=color.red)

sphere (pos=vector(l,—1,1), radius=0.2, color=color.red)
sphere (pos=vector(l,—1,—-1), radius=0.2, color=color.red)

A screen capture of the output is shown below.

1.11-P-02
This program is one possible solution to the problem.

Web VPython 3.2

#length of the box
a=1

#width
w=a/50

#xaxis

box (pos=vector (0,0,0), size=vec(a,w,w), color=color.yellow)
#yaxis

box (pos=vector (0,0,0), size=vec(w,a,w), color=color.magenta)
#zaxis

box (pos=vector (0,0,0), size=vec(w,w,a), color=color.cyan)
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A screen capture of the output of the program is shown below.

1.11-P-03

VPython

Examine the program below. It’s useful to define variables for the length of the side of a box, the length of an axis,
and the number of boxes along the axis. The space between boxes can be calculated from the length of the axis and the

number of boxes along the axis.

Web VPython 3.2

#length of the axis
a=1

#width of a box
w=a/100

#Number of boxes on an axis

n=20

#x location of a box
x=—a/2

#space between boxes
dx=a/(n-1)

#boxes on x—axis
while x<a/2:

box (pos=vec(x,0,0),size=vec(w,w,w),color=color.yellow)

x=x+dx
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CHAPTER 1. INTERACTIONS AND MOTION

#y location of a box
y=—a/2

#space between boxes
dy=dx

#boxes on y—axis
while y<a/2:

box (pos=vec(0,y,0) ,size=vec(w,w,w),color=color.magenta)

y=y+dy

#z location of a box
z=—a/2

#space between boxes

dz=dx

#boxes on z—axis
while z<a/2:

box (pos=vec(0,0,z),size=vec(w,w,w),color=color.cyan)

z=z+dz

The output is shown below.

VPython

Note: there are many ways to solve this problem. In the sample program below, we draw n boxes on an axis. So
for three axes, our while loop requires 3n iterations. Using an if statement, we check to see how many boxes have
been drawn, and we use this value to determine the axis on which we will draw the next box. It’s important to reset the
value of x for the position of the first box whenever starting a new axis.

Web VPython 3.2

#length of the axis
a=1
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#width of a box

w=a/

100

#Number of boxes on an axis
n=20

#x 1

ocation of a box

x=—a/2

#space between boxes
dx=a/(n-1)

#There is a total of 3xn boxes.

#After n boxes on the x—axis, then create boxes on the y—axis.

#After another n boxes on the y—axis, then create boxes on the z—axis
boxnum=1

while boxnum<3sn+1:

#x axis
if (boxnum<n+1):

box (pos=vec(x,0,0) ,size=vec(w,w,w),color=color.yellow)
#y axis
elif (boxnum<2#n+1 and boxnum>n) :

box (pos=vec (0,x,0) ,size=vec(w,w,w),color=color.magenta)
#z axis
else:

box (pos=vec(0,0,x),size=vec(w,w,w),color=color.cyan)
#have to reset the value of x to —a/2 when starting a new axis
if (boxnum==n or boxnum==2xn) :

x=—a/2

X=Xx+dx
boxnum=boxnum+1

1.11-P-04

(a) Assume that the unit of distance is m and the unit of time is s.

1.
2.

4.

|91

The initial velocity of the particle is (0.5,0,0.5) m/s.

We will assume that “in front” and “behind” refers to the z—direction. The box is initially at z = —1 m, and the
particle is initially at z = —5 m. Thus, the particle is initially behind the box.

. This line updates the position of the particle.
particle .pos = particle .pos + v = delta_t

The time step is 0.05 s.

. The particle has a constant velocity. There is no code that causes the velocity of the particle to change.

(b) The answers in part(a) are correct.
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(c) Change the initial position of the particle, and change the velocity of the particle. Here’s an example program that
solves the problem.

i Web VPython 3.2

;3 box(pos=vector(0,0,—-1), size=vec(5,5,0.5),

4 color=color.red, opacity = 0.4)

s particle = sphere(pos=vector(5,0,2),
6 radius=0.3, color=color.cyan,

7 make_trail=True)

s v = vector(—0.5,0,0)
o delta_t = 0.05

w t =20

i while t < 20:

12 rate (100)

13 particle .pos = particle.pos + v * delta_t
14 t =t + delta_t

Here is the output.

800 VPython

1.11-P-04
(a) Assume that the unit of distance is m and the unit of time is s.

1. The initial velocity of the particle is (0.5,0,0.5) m/s.

2. We will assume that “in front” and “behind” refers to the z—direction. The box is initially at z = —1 m, and the
particle is initially at z = —5 m. Thus, the particle is initially behind the box.

3. This line updates the position of the particle.
particle .pos = particle .pos + v * delta_t
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4. The time step is 0.05 s.

5. The particle has a constant velocity. There is no code that causes the velocity of the particle to change.

(b) The answers in part(a) are correct.

(c) Change the initial position of the particle, and change the velocity of the particle. Here’s an example program that
solves the problem.

1 Web VPython 3.2

3 box(pos=vector(0,0,—-1), size=vec(5,5,0.5),

4 color=color.red, opacity = 0.4)

s particle = sphere(pos=vector(5,0,2),
6 radius=0.3, color=color.cyan,

7 make_trail=True)

s v = vector(—0.5,0,0)
o delta_t = 0.05

w t =0

n while t < 20:

12 rate (100)

13 particle .pos = particle.pos + v * delta_t
14 t =t + delta_t

Here is the output.

800 VPython

1.11-P-05
Change the velocity to velocity = vector(-2, 0, 0). Here is a WebVPython complete program. Note that
the line numbers do not match the line numbers in the code from the textbook since this program begins on line 3.
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Web VPython 3.2

ball = sphere( pos=vector(0,—-10,0))
velocity = vector(-2, 0, 0)
deltat = 0.1
while ball.pos.y < 10:
rate (60)
ball .pos = ball.pos + (velocity * deltat)

1.11-P-06

When you run the program given in Chapter 1, it prints the velocity of the drone. (After running the program, scroll
the textbox to the top in order to see the first line that was printed.) The velocity of the drone is (1.16667, 0.666667,0.5).

Let’s make the drone travel along the x, y, and z directions separately. This is not the only solution to the problem,
but it might be interesting to watch it travel along the x-direction, y-direction, and z-direction independently.

First, modify the velocity to be (1.16667, 0, 0), and run the loop while the x-position of the drone is to the right of
the x-position of the target.

Then, reset the velocity to be in the y-direction {0, 0.666667, 0), and run a loop while the y-position of the drone is
below the y-position of the target.

Then, reset the velocity to be in the z-direction {0,0,0.5), and run a loop while the z-position of the drone is
“behind” the z-position of the target.

Here’s the complete program.

Web VPython 3.2

drone = sphere(pos=vector(3,-2,—-1), radius=0.3,
color=color.cyan, make_trail = True)

target = box(pos=vector(—4,2,2), length=1,
width=1, height=1, opacity=0.4)

light = sphere(pos=vector(—-1, 0.7, 0.5),
radius =0.5, color=color.yellow)

deltar = target.pos — drone.pos

totalTime = 6

#travel along the x—axis
velocity = vec(—-1.16667, 0, 0)
print("velocity _=", velocity)
deltat = 0.1
while drone.pos.x > target.pos.X:
rate (100)
drone.pos = drone.pos + velocityxdeltat

print("position_is", drone.pos)

#travel along the y-—axis
velocity = vec(0, 0.666667, 0)
while drone.pos.y < target.pos.y:

rate (100)
drone.pos = drone.pos + velocity=xdeltat
print("position_is", drone.pos)
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#travel along the z—axis
velocity = vec(0, 0, 0.5)
while drone.pos.z < target.pos.z:

rate (100)
drone.pos = drone.pos + velocityxdeltat
print("position_is", drone.pos)

Here’s a screen capture.
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