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ANSWERS AND SOLUTIONS

INTRODUCTION TO Lesson 3—Graphing
PHYSICS PRACTICE EXERCISES
Lesson 2—Significant Digits and ANSWERS AND SOLUTIONS
Scientific Notation L oa
a
Avs B
PRACTICE EXERCISES s
ANSWERS AND SOLUTIONS o1
_ 0.6
1 a) 3 2 0.5::
- 04
T 03¢t
) 2 o1
54 6 81012141618
¢ 3 B (tz/s)
91 b) slopezriﬁzu
run - X, —X
e) 3 ~0.750eb -0
"~ 15.01tz/s-0

— -2 .
2. a) 3.40x10°m =5.00x10" eb-s/tz

c) Ax B or A=kB

b) 7.0x10° m
2. a)
c) 5.6x10°m AveB
24.0
2 = 200
d) 5.5x10°m 5200
= 12.0
8.0
e) 4.1x10°m 40
04 08 12 16 20
3. a) 7.23x10'm B (% 1072 tz/s)
b) 5.59x10®> m b)
1
B (x 107 tz/s) A (eb) E(s/tz)
c) 4.90x10° m
2.1 4.0 476
4. a) 6.2x10'm? 1.4 6.0 71.4
1.1 8.0 90.9
(R 0.7 12.0 143
b) 1.8x10'm
0.35 24.0 286

) 1.24x10* m?
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ANSWERS AND SOLUTIONS

50 100 150 200 250
1
= (x 107 s/t
B( s/tz)

I’iﬁ_ Yo~ %
run - X, —Xx
_ 24eb-0

286 s/tz—0
=8.40x1072 eb-tz/s

c) slope=

Avs B?

B (tz2/s?)

¢) slope="C_Y2"%
run - x,—Xx

70eb-0

T 7012/ -0
=1.00 eb-s?/tz?

d) AxB?or A=(100eb-s*/tz*)B’

MOTION

Lesson 1—Introduction to Kinematics

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

d) Aoci or A:K
B B
3. a)
Avs B
¥ 3
2
<
w
123456789
B (tz/s)
b)
B (tz/s) A (eb) B? (tz%/s%)
1.5 2.25 2.25
3.0 9.00 9.00
45 20.25 20.25
6.0 36.00 36.00
75 56.25 56.25
9.0 81.00 81.00

1. a) d=275m+425m

=700 m

b) d=275m+(-425m)
=-150 m or 150 m left

2. a) d=2(115m)+2(125m)

=480 m

b) Vertical direction
d =125 m+(-125m)
=0m

Horizontal direction

d =115 m+(-115m)
=0m

~d=0
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ANSWERS AND SOLUTIONS

d
3 a v, =—
) ave t
. 11m+25m)
ave 52 m
=0.69 m/s
d
by v, =—
) ave t

ave 52 S
=-0.27 m/s or 0.27 m/s left

Lesson 2—Instantaneous Velocity
and Speed

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

Loy, =2

ave t
~ 1.00x10% m

11.2s
=8.93 m/s right

2. a)

b) v=

Il
A
a1
3
9
N
a1
3
T
=

1st part of the motion:

V. =

ave

Lr—rlQ.

d=

t

ave

1.30 m/s)(98.0 s)
27.4 mright

<|

—

I
H

2nd part of the motion:

d=v,t

=(0.45m/s)(90.0 s)
=40.5 mright

Total displacement:

d =405 m+127.4 m
=167.9 m right

Vave

d
t

167.9m

188 s
= 0.893 m/s right

Vave

L 4
t

_—640m

3.61s
=-17.7 m/s or 17.7 m/s down

Velocity is the slope of the displacement-time
graph.

~ (10.0-0) m
~ (15.0-0) s
v =0.667 m/s

Because the slope is constant, the velocity is
constant at any time t.

a) 0.667 m/sright
b) 0.667 m/s right

c) 0.667 m/sright
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10.

Both speed and velocity are equal to the slope
of the graph.

rise
slope =—

run

(8.0-0) m
(8.0—0) S
=1.0 m/s

a) v=10m/s
b) v =1.0m/sright

Both the displacement and distance are found by
determining the area under the graph.
area =1Ixw

=(10.05)(7.0 m/s)

=7.0x10' m
a) d=7.0x10" mleft
b) d=7.0x10'm

Both the displacement and distance are found by
determining the area under the graph.
area =Ixw

=(5.05)(25m)

=13m

a) d=13mleft
b) d=13m

1st part of the motion:
d
Tt
d=vt
(5.0 m/s)(31 minx60 s/min)
9.3x10° m right

v

2nd part of the motion:

d=vt
=(7.0 m/s)(15 min x60 s/min)
=6.3x10° mright

11.

Total displacement:
d =9.3x10° m+6.3x10° m
=1.56x10" m right

ave
t

1.56x10* m

- 46 min x 60 s/min
=5.7 m/s right

1st part of the motion:
d

V —
t

o
Il

(8.0 m/s)(25 min x60 s/min)
=1.20x10* m right

2nd part of the motion:

d, =vt

=(-5.0 m/s)(15 minx 60 s/min)

=—-4.50x10% m or 4.50x10% m left

Total displacement:
d =1.20x10* m—-4.50x10° m
=7.5%x10° m right

Total distance:

d =1.20x10* m+4.50x10° m
=1.65x10* m

ave

-—rlQ_\

7.5x10°m

- 40 min x 60 s/min
=3.1m/s right

d

b) v, =—

) ave t
1.65x10* m

B 40 min x 60 s/min
=6.9m/s
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ANSWERS AND SOLUTIONS

12. let t = time of motion of B
..t +60 s=time of motion of A

It is known that:

d, =d,

Find the displacement for Object B:

d
Vg =—2
t
d
3.0m/ls = TB
dg =(3.0 m/s)t
Object A:
. A - - -
A = subind, =dg
d
20m/s=—22
t+60s
3.0 m/s)t
2.0m/s = Q
t+60s
2.0(t +60 s) =3.0t
2.0t +120 s =3.0t
120s=t
t=1.2x10%s
13. a)
average
displacement] velocity
tme | displacement] during time |during time
) (m) interval interval
5 5 (m) (mfs)
0.012 0.12
8';8 8'8%2 0.012 0.12
030 |__0035 0011 011
040 |__0047 0.012 012
050 0.060 0.013 0.13
060 |__0072 0012 012
070 |_0085 0013 013
080 0007 0.012 0.12
090 |_o0108 0011 011
100 | 0120 0.012 012

b) Position-time graph:

02 04 06 08
Time (s)

c)

d)

14. a)

b)

Velocity-Time Graph:

[ 3

Velocity (m/s)
=
[w] —
> 2

=

(=]

[T)
T

02 04 06 08
Time (s)

rise
slope = —
run

(0.12-0) m
(1.0-0) s
V. =0.12 m/s right

Displacement is the area under the velocity

time graph.
area =Ixw
=(0.955)(0.12 m/s)
d =0.11 mright

average
: displacement| velocity
time dlfsrglﬁcter:egt during time [during time
(s) (m) interval interval
o 5 (m) (s)
0.10 0.016 0.016 0.16
0.20 0.031 0.015 0.15
0.30 0.046 0.015 0.15
0.40 0.062 0.016 0.16
0.50 0.076 0.014 0.14
0.60 0.091 0.015 0.15
Position-Time Graph:
_
Eo0.10
g 0.08
€ 0.06
g 0.04
®0.02
02 04 06
Time (s)
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d)

Velocity-Time Graph:

'3

Z.0.10¢4

1

0.05+

Veloc

02 04 06
Time (s)

i) Velocity is the slope of the
position-time graph.
rise
slope = —
un
B (0.084—-0) m
~ (0.55-0) s

v =0.15 m/s right

ii) Displacement is the area under the
velocity-time graph.
area =Ixw
=(0.555)(0.152 m/s)

d =0.084 m right

b)

a)

Acceleration is the slope of the
velocity-time graph.
rise
slope = —
run
_ (15.0-0) m/s
(70-0) s

a=2.1m/s’right

Displacement is the area under the
velocity-time graph.

area = %(I X W)

= %(7.0 sx15.0 m/s)
d =53 m right

Acceleration is the slope of the
velocity-time graph.

(13.0-0) m/s
(9.0-0) s
a=1.4 m/s’ right

Lesson 3—Uniformly Accelerated b) Displacement is the area under the velocity-
Motion in One Direction time gralph.
area = E(I X W)
PRACTICE EXERCISES 1
ANSWERS AND SOLUTIONS = 5(10-0 sx14.5 ms)
d =73 mright
1. a) Draw atangent line at 0.40 s.
Find the s_Iope of this tangent line. a) v, —9.0 ms right
slope = nse Vg =4.5 m/s right
run >
_ (50-15)m ratio = 2
(0.64-0.30) s Vg /
v =1.0x10" m/s right 9.0 m/s
4.5 m/s
=20
b) Draw a tangent line at 0.60 s. _ _ _
Find the slope of this tangent line. A is travelling 2.0 times faster than B.
rise
slope = —
run
~(9.0-20) m
~(0.90-0.38) s
v =13 m/s right
CASTLE ROCK RESEARCH
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ANSWERS AND SOLUTIONS

b) Distance is the area under the velocity-time
graph.

area = %(I X W)

Distance A travels:

area = %(5.0 $x9.0 m/s)
dy,=225m

Distance B travels:

area = %(5.0 sx 4.5 m/s)

d, =11.3m

difference =22.5 m-11.3 m
=112m

5. a) Acceleration is the slope of the velocity-time

graph.
rise
slope =—
run
_ (16.0-0) m/s
(10.0-0) s

a=1.60 m/s? left

b) Displacement is the area under the velocity-
time graph.
1
area= —(Ixw
> (1xw)
= %(10.0 $x16.0 m/s)
d =80.0 m left

6. a) Acceleration is the slope of the velocity-time

graph.
rise
slope =—
run
_ (10.0-4.0) m/s
(16.0-0) s

a=0.38 m/s® left
b) Displacement is the area under the velocity-
time graph.
area =(wa)+%(l X W)
=(16.05x4.0 m/s)+%(16.0 $x6.0 m/s)
d =1.1x10% m left

a) Acceleration is the slope of the velocity-time

graph.
rise
slope = —
run
(32.5-10.0) m/s

(10.0-0) s
a=2.25 m/s’ right

b) Displacement is the area under the velocity-
time graph.
area = (| ><W)+%(I X W)
=(10.0 5x10.0 m/s)+%(10.0 $x22.5m/s)
d =213 m right

a) Velocity-Time Graph

&

20 40 6.0
Time (s)

b) i) Acceleration is the slope of the
velocity-time graph.

rise
slope =—
run
B (31.8-12.0) m/s
(6.0-0.0) s

a =3.3m/s? right
i) Displacement is the area under the
velocity-time graph.
area = (I xW)—i—%(I X W)
=(6.05x12.0 m/s)+%(6.0 $x19.8 m/s)
d =1.3x10? m right

Not for Reproduction
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9. a) 10. a)
Average Average
velocity velocity
during during
Displacement | time Displacement | time
Time | Displacement | during time | interval Time | Displacement | during time | interval
(s) |fromt=0(m)| interval (m) (mfs) (s) |fromt=0(m)| interval (m) (m/s)
0 0 0 0.0
0.10 0.0025 0.0025 0.025 0.10 0.02 0.02 0.20
0.20 0.0095 0.007 0.07 0.20 0.09 0.07 0.70
0.30 0.022 0.012 0.12 0.30 0.20 0.11 1.10
0.40 0.039 0.017 0.17 0.40 0.36 0.16 1.60
0.50 0.061 0.022 0.22 0.50 0.56 0.20 2.00
0.60 0.086 0.025 0.25 0.60 0.80 0.24 2.40
0.70 1.09 0.29 2.90
b) Position-Time Graph
b) Position-Time Graph
Eolo = 12
= 0.08 E
£ 0.06 Z o8
w =] .
£ 0.04 2 0%
A = .
0.02 S 04
’ ' — ~
02 04 06 0.2 T 1T 111
Time (s) 02 04 06 08
Time (s)
c) Velocity-Time Graph
¢) Velocity-Time Graph
&
23.0
= 0.301 g
E z20
2.0.201 g
2 = 1.0
§ 0.10 . = )
L } - 02 04 06 08
02 04 06 Time (s)
Time (s)
o o d) Acceleration is the slope of the velocity-time
d) Acceleration is the slope of the velocity-time graph.
graph. rise
rise slope = —
slope = — run
fgnzz o) m/ (2.25-0) m/s
.22-0) m/s e
_(022-0) mis (0.50-0) s
- (0'45_20)_5 a=4.5m/s’ right
a=0.49 m/s” right Acceleration-Time Graph
an I 3
‘g 6.01
S 40f
=
2 2014
%]
B>
< } } t >
0.2 04 06 08
Time (s)
CASTLE ROCK RESEARCH
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ANSWERS AND SOLUTIONS

e) To find the velocity, read your velocity-time 14. v v a d t
h. :
arap 20mis| 2 | —13mis? | —15m | x
At0.30s, \i =1.3m/s right a) Vv2=v?+2ad
At0.60's, v=2.7 m/s right =(-2.0m/s)’ +2(-1.3 m/s)(-15m)

V; =—6.6 m/s or 6.6 m/s left
Note: in the following questions, consider right as the

positive direction and left as the negative direction.
b) The magnitude of velocity (speed) is 6.6 m/s.

11 v, Vi a d t
15. V. v a 1 t
~120m/s| 2 x 3.40s Vi Ve d
5.0 m/s ? 3.0 m/s? x 295
L% —
" 52 Vi
_(-120mis) -0 L
T 3405 30mjsz =22 MS
=-3.53 m/s? or 3.53 m/s? left ) 2.9s
v, =(3.0m/s*)(2.95)+5.0 m/s
=14 m/s right
12.] v, a q t
0 15 m/s X ? 4.7s 16. i v, a q i
a:(? +\7th 0 |-110mis] x | 260m | 2
2
= (Y,
:(15 m£s+0]4.7s d _[_2 jt
=35m right —26.0m = (—11.0 m/s+0]t
2
t=4.73s
13.] v v, a q t
0 2 19misf| 2 50s 1. v v, a 3 i
_ 0 X ? 20.0 8.10
a) d =\7it+%at2 m S
U N
_ %(1.9 mis?)(5.0's) d=vt+at
= 24 m right 20.0 m = % a(8.10s)’
a=0.610 m/s® right
b) a=th
ot 18.] v, v, a d t
1.9 mys? = 1 =0 5
' 505 15 km/h | 65 km/h | 4.0 m/s ? X

Vv = 9.5 m/s right
v, =15 km/h <1000 m/km x 361 h

00 s
c) The magnitude of the displacement (distance) =4.17 m/s
Is24m. v, =65 km/h x1000 m/km x —
3600
=18.1m/s

d) The magnitude of velocity (speed) is 9.5 m/s.
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ANSWERS AND SOLUTIONS

Vi =V} +2ad
(18.1m/s)” =(4.17 mis)’ +2(4.0 m/s*)d
4 (181 m/s)* —(4.17 m/s)’

2(4.0 m/sz)
=39 mright
19. v, v a 5 t
0 122.0 km/h X X 105s
vave = Vf +\7I
2
~122.0 km/h+0
2
=61.0 km/h
— 61.0 km/h x1000 m/kmx —1"—
3600 s
=16.9 m/s right
20. v, v a i t
0 ~12.0 m/s | -2.40 m/s? x ?
VY,
ave t
-12.0m/s)-0
~ (-12.0 m/s)-0
—2.40 m/s?
=5.00s
21. v, A a d t
0 X 190m | 7.10s
a:(m+mjt
2
190n1:(vf+0j7105
. 2(19.0m)
o 710s
=5.35m/s right
22. v, v a d t
? x | -071m/s®| -80m | 3.2s
J:v¢+1m2
2

—&Omzm(&2g+%(071mmzyazgz
v, =-1.4 m/s or 1.4 m/s left

23.| v, a q t
-15.0 m/s| -35.0 m/s —-43.0m X
v/ =v?+2ad

(-35.0mis)’ =(~15.0 m/s)’ +2a(-43.0m)
a=-11.6 m/s® or 11.6 m/s? left

24. v, A a d t
—7.0 m/s |-19.0 m/s X X X
. Vi +V,
Vave = 2

((=7.0 m/s)+(-19.0 mss))

2
=-13.0 m/s or 13.0 m/s left

v, a
1.50 m/s? x

25. v,

10.0s

1.50m/s? = 25.0 m/s—v,
' 10.0s

v, = 25.0 m/s—(10.0 5)(1.50 m/s*)
=10.0 m/s right

<i

Vf
? 14.0 m/s

a:(m+m}
2
25.0m < [14.0 m/s+V, j

g _ 2(250m)
' 1.90s
=12.3 m/s right

Q)
o
—

26.

250m | 1.90s

(1.905)

-14.0 m/s

21.| v, a

-31.0m | 565

v s
f 565
=-11m/s or 11 m/s left

CASTLE ROCK RESEARCH
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ANSWERS AND SOLUTIONS

v, a d t
?  |-25.0m/s|-0.900 m/s?| -37.0m | x

28.

<i

v/ =V’ +2ad
(~25.0 m/s)* = +2(-0.900 m/s’ )(~37.0 m)
V, =—23.6 m/s or 23.6 m/s left

29. V. A a d t

50s

0 ? 1.4 m/s?

a) d =\7it+%ét2

1
- E<l'4 m/s*)(5.0 s)’

=18 m down the ramp

b) a=

v, = 7.0 m/s down the ramp

30. v

ave

<
I

d
t

d=v,t
(9.60 m/s)(2.705)
=25.9 mright

31. V. A a

4.00s

0 |-12.4m/s| —3.10 m/s?

You can use any formula except
Vf _vi
t

a:

a=\7it+iatz
2
1 2
==(-3.10 m/s*)(4.00
2( m/s® )(4.00 s)

=-24.8 mor 24.8 m left

jsbll

d t
-125m | 2.50s

32. v,

0 -10.0 m/s

<l

- V. +V.
You can use any formula except d = [%jt

(-10.0 m/s)-0

2.50s
=—4.00 m/s® or 4.00 m/s® left

8. v | v | a q t
0 X ? 19.6 m ?
o d
Vave =
t;
-
ave
~19.6m
5.00 m/s
=3.92s
d= \7it+lat2
2

19.6 m= %3(3.92 s)’
a=2.55m/s? right

34. V. v; a

x ? 1.00 m/s?

27.0s

417.2m

Find initial velocity first:

J:Vit+lat2
2

417.2m=v,(27.0s) +%(1.oo m/s2)(27.0's)?

417.2m —%(1.00 m/s?)(27.0 s)?
V. =

' 27.0s
=1.952 m/s right

—

v t—1.952 m/s
27.0s
V; =(27.05)(1.00 m/s* ) +1.952 m/s
=29.0 m/s right

1.00 m/s? =

Not for Reproduction
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ANSWERS AND SOLUTIONS

Lesson 4—Freely Falling Objects Vi Vi a d t
0 ? | -9.81m/s’ x 25s
PRACTICE EXERCISES Vv
ANSWERS AND SOLUTIONS a=-" " !
Note: in all of the following questions, consider up as 9.81m/s? — v, -0
the positive direction and down as the negative —JeLmis = 25
direction. v, =—25m/s or 25 m/s down
1. V. V. a q t
\(I)I \: 9.81 m/s? 15do b v h d t
=SS oM X ? x | 981 m/s’| 11.2m | 0.550's
v/ =v? +2ad 1
J_ o =42
=2(-9.81m/s* )(~15.0 m) d=yt+at
v, =—=17.2 m/s or 17.2 m/s down
! ~11.2m =V, (0.550 s)+%(—9.81 m/s*)(0.550s)’
2 v, v, a d t (-11.2 m)—%(—9.81 m/s*)(0.550 )’
0 x | -981m/s’| ? | 050s Vi = 0550
- 1 =-17.7 m/s or 17.7 m/s down
d=vt+=at’
2
_ %(—9.81 mis?)(0.50s)’ v v, a i | t
2
—1.2mor 1.2 mdown —-10.0 m/s |-25.0 m/s | —9.81 m/s X ?
VY,
The apple falls from a height of 1.2 m. a= i
—25.0 m/s)—(-10.0 m/
— — — — -9.81m/s* = ( mis)—( mis)
3 v, Vi a d t t
0 x | —981m/< | —175m ” o (—25.0 m/s)—(—10.0 m/s)
-9.81m/s?
d=vt+lat =153s
2
1 2 2
~1.75m = E(—9.81 m/s® )t 8. v v, a d "
(_ [2(-175m) —-5.0m/s | —15.0 m/s | —9.81 m/s? x
-9.81 m/s? IV
t=0.597s v, =V +2ad i
(~15.0 m/s)* = (5.0 mis)’ +2(-9.81ms’ ) d
2 2
n v v, a P g- (-15.0 m/s) —(—5;0 m/s)
0 ? | 981m/s’ | 9.50m 2(-e.81mis’)
- =-1.0x10" m or 1.0x10" m down
v/ =V} +2ad
Therefore, the rock was released 1.0 x 10" m above

=2(-9.81m/s* )(-9.50 m)
v, =-13.7 m/s or 13.7 m/s down

the ground.

12 Copyright Protected
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ANSWERS AND SOLUTIONS

0. v; Vi a d t b) v - d
2 |-100m/s| 981m/s* | x 0.880s ta
. t=—o
a = f ! ave
t - _ —70m
_o.81mys? = (10.0MS) % “5.9mis
0.880s =12s
Vv, =-1.37 m/s or 1.37 m/s down
c) The average velocity occurs at the mid-time in
10. v, A a d t uniform accelerated motion. Therefore, the
0 x | —981m/s® | —50.0m 5 average velocity occurs at 0.60 s.
Find how far it falls in the 1st 2 seconds: o
B 1 13 _V; +Y,
d:\7it+§ét2 - e =7
v, -0
=%(—9.81 m/s®)(2.00s)° —12.0m/s ==
—-19.6 mor 19.6 m down V; =-24.0 m/s or 24.0 m/s down
Now, find how far it falls in the 1st 3 seconds: v, Vi a d t
d =vt +%at2 0 |—240m/s| -9.81m/s® | x ?
_ %(—9.81 mis?)(3.00s)’ L%
=-44.1m or 44.1 m down (_54_0 mis)—0
=
Difference is: 5 4_59581 mfs
d=(-44.1m) —(-19.6 m) -
=-24.5 mor 24.5 m down
4.0 v, v, a d t
g v 0 X ? -10.0m | 1.20s
11. a) v, = ;"i
1
_50.0m/s+0 d =\7i'[+§at2
2 1 2
=25.0 m/s left -10.0m = Ea(l.zo s)
b) Read time from the graph. e 2(-10.0m)
t=40s (L.20s)’
=-13.9 m/s* or 13.9 m/s* down
2. v, a d t
0 x | -981m/s’| —7.0m x 15 7 7 3 T :
) i f
a) Find either final velocity: 0 ~19.6 m/s _24.0m x
v/ =v? +2ad o,
- 2(-9.81mis?)(~7.0m) Ve =V +2ad
v, =—11.7 m/s or 11.7 m/s down (~19.6 mis)" = 2a(-24.0 mz)
o \7f +\7i q= (—196 m/s)
&9 2(-24.0m)
(-11.7 m/s)+0

2
=-5.9m/s or 5.9 m/s down

Not for Reproduction
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16.| A a q t
0 -11.0m/s ? X 150s
a= Af _Vi
t
_(-11.0m/s)-0
~ 150s
=-7.33m/s® or 7.33 m/s® down
17.) v, a d t
x | -15.0m/s | -9.81 m/s’| -10.0 m ?
Find initial velocity first:
v/ =V’ +2ad
(~15.0 m/s)” =v? +2(-9.81m/s* )(~10.0 m)
v, =-5.367 m/s or 5.367 m/s down
Now use any equation that you like to find time:
VY,
T
—15.0 m/s)—(-5.367 m/s
-9.81m/s’* = ( ) t( )
t=0.982s
8. v, a d t
x ? | —981m/is? | -92m | 0.85s

Find the initial velocity first:
d=vt+ La
2

-9.2m=v,(0.85s)+ %(—9.81 m/s*)(0.855)°

(-92 m)—%(—9.81 mis*)(0.855)’
V. =

' 0.85s
=—6.65 m/s or 6.65 m/s down
Now find final velocity:
Vf _Vi
t
V; —(—6.65 m/s)
0.85s
Vv, =-15m/s or 15 m/s down

a=

(-9.81m/s?)

19.] v, a d t
0 ? 400m | x

o V, +V,

Vave = 2 !

~30.0 m/s = 0+2 f
V; =-60.0 m/s or 60.0 m/s down

v/ =v? +2ad
(~60.0 m/s)* =2a(~40.0 m)
a =-45.0 m/s or 45.0 m/s down

20. Average velocity during the 2nd second is:

~ -5.00m

~ 1.00s
=-5.00 m/s or 5.00 m/s down

This is the instantaneous velocity at
1.00s+0.50s=1.50s.

v, Vi a i t
0 -5.0m/s ? X 150s
3= Af _Vi
t
~ (-5.00 m/s)-0
1.50s

=-3.33m/s® or 3.33 m/s® down

Lesson 5—Horizontal Uniformly
Accelerated Motion in Two
Directions along a Straight Line

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. Velocity is the slope of position-time graph.
To find velocity, draw a tangent line at the
point you are investigating and find the slope
of the tangent line.

slope= "¢~ Y2~ %

run - X, —X
(14-5.0) m

(6.2-0) s
v=15m/sup

a)

CASTLE ROCK RESEARCH
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ANSWERS AND SOLUTIONS

(5.0—14) m
(10.0—3.8) S
v =-1.5m/s or 1.5 m/s down

b) slope =

Acceleration is the slope of the velocity-time
graph. The slope is constant. Therefore,
acceleration at 4.0 s and 10.0 s are equal.

S|0pe = E = u
run - X, —X
((-9.0)-9.0) mis
(12.0-2.0) s

a=-1.8m/s* or1.8 m/s? left

a) Displacement is read from graph.
d =13.0 mright

b) Velocity is the slope of the position-time
graph.

(70-0)s
v =1.0 m/s right

c) Velocity is the slope of the position-time
graph.
slope=0
v=0

d) Velocity is the slope of the position-time
graph.
slope= " _ Y2~ %

run - X, —x

(13.0-7.0) m

(16.0-13.0) s

v = 2.0 m/s right

" 160s
=0.81 m/s right

f)  Since slope does not change, the velocity does

not change.
a=0

c)

d)

f)

9

Read the velocity from the velocity-time
graph.
vV =4.0 m/s right

Read the velocity from a velocity-time graph.
vV =6.0 m/s right

Read the velocity from a velocity-time graph.
v =-3.0 m/s or 3.0 m/s left

Acceleration is the slope of the velocity-time
graph.

[
_(-6.0-6.0) m/s
~ (120-80) s
a=-3.0m/s* or 3.0 m/s left

Acceleration is the slope of the velocity-time
graph.
slope =0 = Y2 =%
un - X, —X
(0-(-6.0)) m/s
(20.0-14.0) s
a=1.0 m/s? right

Displacement is the area under the velocity-
time graph.

area:%(lxw)+(|xw)+%(lxw)

—2(6.0x6.0)+(60x2.0)+ 2 (60x2.0)
d =36.0 mright

Find the total displacement.

The displacement during the first 10.0 s is
36 m right.

Not for Reproduction
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Find the displacement during the last 10.0 s.

1 1
area == (Ixw)+(Ixw)+=
2 2

1

6.0x6.0)+(~6.0x2.0)

6 0x2. 0
d= —36.0 m or 36.0 m left

d =36.0-36.0
=0
V=0

Velocity is the slope of the position-time
graph.
rise _ YooV
run - X, —X
(—16.0—16.0) m
~ (80-0)s
v =—-4.0 m/s or 4.0 m/s left

slope =

b) the slope is the same as part a).
v =—4.0 m/s or 4.0 m/s left

c) Velocity does not change.
a=0

v =14.6 m/s right

b) Acceleration is the slope of the velocity-time

graph.
slope = rise _YomH
run - X, —X%

a=0

c) Displacement is the area under the velocity-
time graph.
area =1lxw
=10.0 sx15.0 m/s
d =1.50%x10% m right

Displacement is the area under the velocity-
time graph.
greatest area = A

b) greatest speed =B

Read the velocity from a velocity-time graph.

b)

b)

c)

d)

10. a)

Velocity is the slope of the position-time
graph.

~ (11.0-5.0) s
v =13 m/s right

Velocity is the slope of the position-time
graph.
slope=0

v=0

Read the displacement from the graph.
d =80.0 mright

B,D

i) Velocity is the slope of the position-time
graph.

_ rise Yo%

un X, —X,

B (10.0—95.0) m

~ (20.0-15.0) s

v =-17.0 m/s or 17.0 m/s left

ii) d=A+B+C+D+E
=40m+25m+0+85m+20m
=1.70x10°> m

iii) Since the position at the end of motion is
the same as the position at the beginning,
the displacement is zero.

d=0
iv)
d
Vav =7
t
3 1.70x10° m
25.05s
=6.80 m/s
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ANSWERS AND SOLUTIONS

b) i) Velocity is the slope of the position-ti
graph.
negative slope=D

ii) Velocity (speed) is the slope of the
position-time graph.
steepest slope =D

11. a) Read the velocity from the velocity-time
graph.

greatest velocity = A

me

b) Acceleration is the slope of the velocity-time

graph.
slope = zero during A

c) Acceleration is the slope of the velocity-time

graph.
steepest slope =D

12. a)

Average

velocity

during
Displacement | time

Time | Displacement | during time | interval
(s) |fromt=0(m)| interval (m) (m/s)

0 0

0.10 0.030 0.030 0.30
0.20 0.055 0.025 0.25
0.30 0.076 0.021 0.21
0.40 0.094 0.018 0.18
0.50 0.107 0.013 0.13
0.60 0.115 0.008 0.08
0.70 0.119 0.004 0.04
0.80 0.120 0.001 0.01
0.90 0.117 -0.003 -0.03
1.00 0.109 -0.008 -0.08
1.10 0.096 -0.013 -0.13
1.20 0.079 -0.017 -0.17
1.30 0.059 -0.020 -0.20
1.40 0.034 -0.025 -0.25

b) Position-Time Graph

02 04 06 08 1.0 12
Time (s)

c) Velocity-Time Graph
v

A

0.30+

0.20+

0.101

=

I ! ! ! I ! » X

02704 70,6708

Velocity (m/s)

—0.101
0201
-0.301

Time (s)

d) i) Velocity is the slope of the position-time
graph.

Draw a tangent line at 0.40 sand 1.10 s.
*+ 040s
slope =2 = Y2 =%
run - X, —X
(0.120-0.032) m
(0.56—0) S
v =0.16 m/s up

+ 1.10s

slope= € _ Y27V
un - X, —X
~ (0.020-0.120) m
~ (1.60-0.95) s

=-0.15 m/s or 0.15 m/s down
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ii) Displacement is the area under the
velocity-time graph.

area = %(I xw)+%(| X W)
%(0.71 $x0.30 m/s)

+%(0.64 sx(-0.26 m/s))

=0.107 m+(-0.083 m)
=0.024 m up

iii) Acceleration is the slope of the
velocity-time graph.
rise _Y,—y,
un X, —X%
B (—0.25—0.30) m/s
~ (1.35-0.050) s
a=-0.42 m/s® or 0.42 m/s* down

slope =

Lesson 6—Vertical Uniformly
Accelerated Motion in Two
Directions along a Straight Line

PRACTICE EXERCISES

ANSWERS AND SOLUTIONS

Vo

Ve

a

d

14.0 m/s

X

-9.81 m/s?

1.80s

1

d =v,t+=at’
2

= (14.0 m/s)(1.80 s)+%(—9.81 m/s®)(1.80 s)’

=9.31 m upward
Vo Vi a d t
9.3 m/s X ? 1.9m 2.7s
d=v i+ Sat?
2

1.9 m=(9.3m/s)(2.7 s)+%a(2.7 s)°
1.9m—(9.3m/s)(2.7 s)

1 2

~(27

(275)

=—6.4 m/s® or 6.4 m/s® down the slope

a=

v, v; a d t
11.0m/s| -7.3 m/s X 9.3s
3= vf _\70

t
~ (=7.3 m/s)—11.0 m/s
- 9.35s
=—-2.0 m/s® or 2.0 m/s* down the slope

A v; a d t
9.4m/s | -7.4mls X ? 3.0s
i- ( %)

7 4 m/s +9.4 m/s
(3.05s)

=3.0mup the slope

v, v; a d t
15.0m/s | -8.0m/s |-9.81 m/s*|  ? x

v =V, +2ad
(-8.0 mis)’ ( 5.0m/s)’ +2(-9.81m/s* )d
5_[80 m/s)” —(15.0 m/s)’
(—9.81 m/sz)
=8.2mup

v, v, a j t

-5.0m/s |-12.0 m/s |-9.80 m/s*|  x ?
= Vf - Ao
t
-12.0 m/s)—(-5.0 m/s
-9.81 m/s? = ( )t ( )
t=0.71s
Vo Vi a d t
? X 26m 36s

26m= (OZVD j(3.6 5)

2(2.6m)

365
=1.4m/s up

Yo
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ANSWERS AND SOLUTIONS

8. | v

a

o

13.) v,

Vi

d

10.0 m/s

-9.81 m/s?

2.5m/s

-1.6 m/s

1.0m

v/ =V, +2ad
=(10.0 m/s)” +2(-9.81 m/s* )(5.0 m)
V; =—1.4 m/s or 1.4 m/s down

9. v, v a g t
25.0 m/s ? -9.81 m/s? x 3.0s
a — Vf \70
ot
-9.81m/s? = w
3.0s

v, =(3.0'5)(-9.81 m/s’ )+ 25.0 m/s
v, =—4.4 m/s or 4.4 m/s down

Vi =V} +2ad
(-1.6 m/s)’ = (2.5 m/s)’ +2a(1.0 m)
(~1.6 m/s)’ —(2.5 m/s)’

4=
2(LOm)
=-1.8m/s’
or 1.8 m/s® down the slope
14.[ v, v, a d t
2.0 m/s X 2.7m ?

27'm =(0+2.0 m/sjt

2
10.| v, v, a d t ~2(27m)
2.0m/s x 28m | 15s 2.0 m/s
=27s
d=[ YtV ),
o2 This is the time for the ball to roll up the incline. It
V. +2.0m/s will take the same time to come down. Therefore,
2.8 =( . j(l 5s) the total time is:
t=2(2.75)
2(2.8m
= (155)—2.0m/s =54s
=1.7 m/s up the slope
15.| v, v, a g t
11. v, A a d t 50m/s | -5.0 m/s 0 3.0s
? x —9.81m/s?| 50m | 3.0s Ty
a= f 0
1, t
d= v0t+5at _(-5.0m/s)-5.0m/s
B 1 , - 30s
50m=v,(3.0 5)+§(‘9-81 m/SZ)(?’-O s) =-3.3m/s? or 3.3 m/s? down
50m —1(—9.81 m/s®)(3.0s)’
v, = 2 5 16.| v, v a d t
0s
—16 m/s up 20.0 m/s -9.81m/s*| -300m | ?
a) v/ =v?+2ad
2., Vi a d t =(20.0 m/s)” +2(-9.81 m/s*)(~30.0 m)
22m/s | -1.1m/s ? x 2.0s V; =-31.4 m/s or 31.4 m/s down
a:vf_vo b) azvf;vo
t
— _ -31.4-20.0) m/s
_~Limis—-22m/s —9.81m/s? = ( )
20s t
=-1.7 m/s® or 1.7 m/s? down the slope ~ (-81.4-20.0) m/s
-9.81 m/s’
t=5.24s

Not for Reproduction

Physics 11 SNAP



ANSWERS AND SOLUTIONS

7., A a q t
5.0 m/s X 0 3.0s
d=vt REPY
2
0=(5.0m/s)(3.0 s)+%a(3.o s)’
_ 2(50m)
a=—-—"7
(3.059)
a=-3.3m/s? or 3.3 m/s® down
18, v, A a q t
11.0 m/s x —9.81m/s’| -5.0m ?
First, find the final velocity:
v/ =vZ +2ad
=(12.0 mis)’ +2(—9.81 m/sz)(—S.O m)
v, =—14.8 m/s or 14.8 m/s down
Now find the time:
5= Vi Vo
t
-14.8 m/s)—11.0 m/s
-9.81m/s* = ( t)
_ (-14.8m/s)-11.0 m/s
—9.81 m/s?
=265
19.0 v, v, a d t
x 0 —9.81m/s?| ? 2.655

If it takes 5.30 s to go up and down, it will take

5.30s

=2.65 s to reach the highest point.

Now find the final velocity:

Find the displacement:

g Vi +Vy t
2

B (O+ 26.0 m/s

: )(2.65 5)

=344 m

20.| v, A a q t
0 ? —9.81m/s’ —-250m | 2
Either find the final velocity or time:
v/ =v2+2ad
=2(-9.81m/s*)(-25.0 m)
V; =-22.1m/s or 22.1 m/s down
g, = V; +V,
2
_(-22.1m/s)-0
- 2
=-11.1m/s or 11.1 m/s down
21.| v, v, a d t
14.0 m/s 0 —9.81m/is?| 2 ?

a) v =v.+2ad

0=(14.0 m/s)" +2(-9.81 m/s*)d

d= 2(—9.81 m/s?)
=9.99 mup

b) a=

—(14.0 mis)’

|
|

22. A Vi

X -1.90 m/s

2.75m | 450s

Find initial velocity first:

oY),
2

2.75m = [%JM.SO s)

2(275m)

V= /11,90 m/s

450 s

=3.12 m/s up the incline

Now find the acceleration:

_ Vi —V
P

t
(—1.90 m/s)—3.12 m/s

450s

=-1.12 m/s? or 1.12 m/s® down the incline
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Lesson 7—Projectile Motion

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. Find the horizontal component of displacement.

Find t from vertical component:

V‘/0 va ay d y t

0 x -9.81m/s? —-90.0m | ?

o 1_,
d, :vy0t+5ayt
—90.0m = 1(—9.81 m/s? )t2

2

2(-90.0 m)

—9.81 m/s?
=4.285s

Now use t to find the horizontal component of
displacement:

_ o d,
v, =—>
B t
d, =vt
=(10.0 m/s)(4.28 s)
=428m
2. Find the horizontal component of displacement.

Find t from vertical component:

yo yf Yy y

v v a d t

0 x -9.81m/s? | -1.50 x 10°m | ?

I
d, :vy0t+5ayt

~1.50x10% m = 1(—9.81 m/s? )t2
2

2(—1.50><102 m)

—9.81 m/s?
=5.53s

t=

Now use t to find the horizontal component of
displacement:

o d,
v,o=—2%
. t
d, =vt
=(25.0 m/s)(5.53s)
=1.38x10* m

3. Find the vertical component of displacement.

Find t from the horizontal component:

<
1]

< | O | o,
> <

[y
o <
o
o
3

Now use t to find the vertical component of
displacement:

VyO Vyf ay y t

Qy

0 x -9.81 m/s? ? 5.56 S

d, :Vy0t+%ayt2
- %(—9.81 m/s®)(5.56 s)°
=-152 m

.. the height of the cliff is 152 m.

4. Find the vertical component of displacement.

Find t from the horizontal component:

_ 480m

~20.0m/s
=240s

Now use t to find the vertical component of
displacement:

VVO va ay y t

Q

0 x -9.81 m/s? ? 2.40s

. 1,
d, =vy0t+§ayt

_ %(—9.81 mis?)(2.40's)’
- 283m

.. the height of the cliff is 28.3 m.
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5.

Find the vertical component of displacement.

Vo Vi a, d , t

0 x -9.81 m/s? ?

550s

S 1,
d, =vy0t+§ayt

_ %(—9.81 mis?)(5.50 s)’
~‘148m

.. the height of the building is 148 m.

Find the horizontal component of displacement.

. d
Lo
d, =vt
=(20.0 m/s)(4.20 s)
=84.0m
a)
Displacement Average
during time | velocity during
Time | Displacement interval time interval
(s) | fromt=0 (x103m) (% 10° m/s)
0 0 horiz.| vert. |horiz.| vert.
0.10 0.5 5.0 15 5.0 15
0.20 1.0 5.0 15 5.0 15
0.30 15 5.0 4.0 5.0 4.0
0.40 2.0 5.0 4.0 5.0 4.0
0.50 2.5 5.0 5.0 5.0 5.0
0.60 3.0 5.0 6.0 5.0 6.0
0.70 35 5.0 7.0 5.0 7.0
0.80 4.0 5.0 8.0 5.0 8.0
0.90 4.5 5.0 9.0 5.0 9.0
1.00 5.0 5.0 10.0 5.0 10.0
1.10 55 5.0 11.0 5.0 11.0
b)
Velocity-Time Graph
y
[ 3
=10.0+
Egol
o
= 6.0+
5/ ——0—0—0—0—0—0—0—0—0—0
£ 40+
2
E 2.0+
0 o

0.2 0.4 0.6 0.8 1.0

Time (s)

c)

d)

Velocity-Time Graph
)}‘

A
12.01
10.04

8.0
< 6.0+

1072 m/s)

Position
=
=

{
L 2

[ o /0
0204 0608 1012
Time (s)

o
o 2

X

i) slope=0
.. acceleration=0

. rise
ii) slope=—
run
B (0.10-0.01) m/s
(0.95-0.05) s

a, = 0.10 m/s or 0.10 m/s* down

You are asked to find the horizontal component of

velocity.

Find t from the vertical component
Vo v, a, d, t
0 x -9.81 m/s® —85.0m | 2

S 1,
dy:vy0t+§ayt

-85.0m = 1(—9.81 m/s® )t?
2

t=4.16s
Now use t to find the vertical component of
velocity:
o d,
v ==
t
_67.8m
4.16s
=16.3m/s
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Practice Test

ANSWERS AND SOLUTIONS

The motion of a falling object is uniform
accelerated motion. This means that the
acceleration of a falling object remains constant.
Remember, the slope of a velocity-time graph is
the acceleration. All of A., B., and D., represent a
constant slope; but A. shows no change in
velocity; D. shows that the velocity is decreasing.

B is the answer.

The slope of a displacement-time graph represents
the velocity. For a falling object, the velocity
increases. Therefore you are looking for a graph
that shows an increasing slope.

C is the answer.

The acceleration of a falling object is constant.
Therefore you are looking for a graph that shows a
constant acceleration.

A is the answer.

Instantaneous speed is the speed at any instant in
time. Average speed is a measure of distance
travelled divided by the time it took to travel.

Velocity is slope of a position-time graph
rise
slope = —
run
~50m-20m

6s
v =5.0 m/s right

A is the answer.

In uniform motion the acceleration of an object is
zero. The velocity of an object remains constant
and moves in a straight line. The distances changes
at a linear (constant) rate along that line.

10.

11.

The magnitude of the velocity will be at a
maximum at the height it was thrown and zero at
maximum height. The direction of the vector will
be up as it moves toward its maximum height. It
will have no direction at the moment the velocity is
zero. The direction of the velocity vector will be
down as the ball falls back towards the player.

Displacement is the area under a velocity-time
graph.

area :%(I x W)+ (I1xw)

:1 30 m/sx6.0s)+(20 m/sx6.0s
2

=90 m+120 m
=210 m down

D is the answer.

The slope of a position-time graph is the velocity.
In this graph, the slope is decreasing. Therefore,
the velocity is decreasing.

a) The velocity of the ball will be —8.0 m/s or
8.0 m/s down.

b) The acceleration will be —9.81 m/s or
9.81 m/s? down due to gravity.

) The acceleration will be —9.81 m/s® or
9.81 m/s?down due to gravity.

The magnitude of the displacement vector will
increase as it moves up the ramp. As the ball rolls
back down, it will decrease but remain positive
until reaching the point that it was released where it
will equal zero. As it rolls further, the
displacement will become negative and continue to
decrease as it rolls down. The direction will
always point up as the ball reaches its maximum
height and then falls back down to the point of
release. After falling below the point of the
release, the displacement vector will always point
downward.
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12.

13.

14.

15.

3.2m=

0+22 m/sjt

32m=(1L1m/s)t
t=29s

B is the answer.

v, v, a t

| 9

0 f
15 m/s x -9.81 m/s? 8.00s

a=\7ot+lat2
2

= (15 m/s)(8.00 s)+%(—9.81 m/s’)(8.00)°
=-1.9x10% mor 1.9x10* m down

The height is the magnitude of the displacement.
~d=19x10*m

B is the answer.

v, v a d t
12 m/s ? -9.81 m/s? x 8.0s
= Vf _\70
- t
_9.81 m/s? = vy —12 m/s
8.0s

Vv, =—66 m/s or 66 m/s down
Speed is the magnitude of the velocity.

B is the answer.

a) The objects hit the ground at the same
velocity.

16.

17.

18.

19.

20.

21.

b) The object thrown upward will reach a
velocity of zero due to the downward
acceleration of gravity at some point above the
student. It will then fall until it reaches the
height that it was thrown. At this point, its
velocity will be 5.0 m/s down because the
acceleration is constant. This is the same
velocity that the second object is thrown
downward. Since both objects have the same
velocity at the same height, they will hit the
ground with the same velocity.

All objects fall at the same rate if you ignore air
friction. Also, the vertical component of the
motion is independent of the horizontal component.

C is the answer.

All objects fall at the same rate if you ignore air
friction. Also, the vertical component of the
motion is independent of the horizontal component.

C is the answer.

The vertical component’s acceleration will be
constant and downward due to gravity. The initial
velocity is positive but will decrease until the rock
reaches its maximum height where it will be zero.
The velocity will remain negative and continue to
decrease below zero until it reaches maximum
velocity when it hits the ground. The horizontal
component will have an acceleration of zero. Its
velocity will remain constant throughout its flight.

All objects fall at the same rate. Also the vertical
component of the motion is independent of the
horizontal component. Therefore, the lower the
cliff, the sooner the object will hit the ground.

C is the answer.

The slope of a position-time graph represents the
velocity of the object. Therefore, a steeper slope
will represent a greater velocity.

A is the answer.

They all have zero acceleration. Slope of a
position-time graph represents the velocity. All
these graphs have a constant slope. Therefore, they
have a constant velocity. If the velocity is
constant, there is no acceleration.

CASTLE ROCK RESEARCH
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22.

23.

24.

25.

The slope of a velocity-time graph represents the
velocity. Therefore, the greatest constant
acceleration is the section that has the greatest
constant slope.

B is the answer.

Sections A, B, C have a constant slope, which
means that in these sections they have a constant
velocity. At any instant in time, the steepest slope
can be found at the end of section D.

D is the answer.

The acceleration due to gravity is —9.81 m/s? for all
objects near the surface of the Earth if air friction is
ignored; therefore it does not matter if the object is
moving up or down, its acceleration is —9.81 m/s%.

D is the answer.

The object falls to the ground due to a change in
velocity as it increases downward.

The acceleration of the object is constant due

to gravity.

FORCES

Lesson 1—Forces and Newton’s Laws

of Motion

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

F..=ma
a — net
m
_ 90N
20.0 kg

=0.45 m/s? right

F. =ma
= (16.0 kg)(-2.0 m/s?)
—-32 N or 32 N left

F:

net

3
Q)

net

a:

53

2N
12.0 kg
=0.850 m/s’ right

F. =ma
= (5.2 kg)(6.0 m/s’)
=31 N right

‘I'I
Il

=]
Q)

net

T

net

a

3

-2.0N
18 kg
=-0.11 m/s? or 0.11 m/s? left

v, —V,

T
_(-25.0m/s)-0

10.0s
=—2.500 m/s? or 2.500 m/s? left

Fe =ma
= (925 kg)(-2.500 m/s” )
=-2.31x10° N or 2.31x10° N left

6:V0t+£at2
2
1

2

132 m=a(1205)
a =1.833 m/s® right

Fe =mMa
=(1.08x10° kg)(1.833 m/s” )
=1.98x10° N right
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9. v/ =vZ +2ad
(12 m/s)2 =(5.0 m/s)2 +2a(94 m)
a =0.633m/s® right

Ifnet =ma
=(1.20x10° kg)(0.633 m/s”)
=7.6x10° N right

10. Convert 48 km/h to m/s:

v, =48 km/h x 1000 m/km x—
3600 s = _ma
= 133 m/s net =1
a — net
A m
a=— _-125N
133 m/s-0 50.0 kg
T 50s =-2.500 m/s? or 2.500 m/s® left
= 2.66 m/s’ right o
= Vf _VO
F. =ma o
» V-0
F. —2.500 m/s® =
m=— 0.110s
a v, =—0.275 m/s or 0.275 m/s left
2.5x10° N
2.66 m/s
=9.4x10% kg 3 goVi%
t
~ _22m/s—-11m/s
11. a) Fnet =ma - 0.75s
5 Foet =14.7 m/s? right
m
66N i
9.0kg =ma
=0.733 m/s? right ( 9.8x10° kg)(14.7 m/s?)
=1.4x10° N right
v/ =v. +2ad
(3.0 m/S)2 = 2(0.733 m/s* )J 4, First, find the force exerted on the object and the
d =6.1 mright time it takes to throw the object:
V2 =v2, +2a,d
2\ _ 9=
v, (9.6 m/s®) = 2a, (0.60 n?)
b) a=- a, = 76.8 m/s” right
0.733 mjs? = >0 M/s -0 .
t Fo =Moa,
t=41s = (3.0 kg)(76.8 m/s?)
=230 N right
26 Copyright Protected

Lesson 2—Newton’s Third Law
of Motion

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

lf =-F,
=-m,a,
38.0 kg)(0.60 m/s ) —-0.75 m/s®
(
mg _3.0><101 kg
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_ Vo —V,
ao — of t 00
76.8 mfs? = 26 Ms=0 nl/s—o

t=0.125s

Now, consider the reaction force exerted on the
student:

Fe =msag

230N
¢ 45kg
=-5.11m/s® or 5.11 m/s? left
= va _\7@0

t
st = Ve 0
0.125s
Vg =—0.64 m/s or 0.64 m/s left

Lesson 3—Force Due to Gravity

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. F=mg

=(25.0 kg)(-9.81 m/s’)
—245 N or 245 N down

360N
22.0 kg
=-1.64 m/s? or 1.64 m/s* down

F,=mg
=(72.0 kg)(-9.81 m/s”
=-706 N or 706 N down

< |‘° \(gl

-127 N

" Z9.81 mis?
~12.9 kg

Lesson 4—Contact Forces

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

Fy =—-mg
=—(14.0 kg)(-9.81 m/s*)
=137 N up

Fy =—-mg
=—(9.6 kg)(-9.81m/s*)
=942 N up

Fo=uFy

= (0.11)(94.2 N)
=1.0x10"' N

F=uFy

=—(16.2 kg)(-9.81m/s’)
=159 N up

Ifnet =ma
(6.2 kg)(1.1mis*)
=6.8 N right

The net force is the sum of all forces acting on an
object. This can be written as:

Not for Reproduction
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Ifnet :T+ Iff
Iff = lfnet _f
=6.8N-220N

=-15.2 Nor 15.2 N left

The force of friction is negative as expected since it
is in the opposite direction of motion.

The coefficient of friction can be found using:
R =uk

Remember that for this equation only the
magnitude of the force of friction and normal force
are used. First, find the normal force:

Fy =-mg
Fy =—(6.2 kg)(-9.81m/s*)
F\ =60.8 N up
Fo=uFy
R
Hy F,
_ 152N
60.8 N
=0.25
6. F =k«

= _(20.0 N/m)(O.lOO m)
=-2.00 N or 2.00 N left

7. Since the direction of the spring force is left,
choose it as negative.
F =-kx

(-2.0N)

~ 15N/m
=0.13 mright

8. F =-kx
(--F

(X—1.2 N)

0.025m
— 48 N/m

9. Choose the direction of displacement as negative

because it is down. This makes the value of the
spring force positive because it must be in the
opposite direction.

F, = —kx
- F
X
165N
(-0.110 m)
~15 N/m

10. Choosing up as positive:
F, =mg
= (5.0 kg)(-9.81 m/s?)
=-49 N or 49 N down

The direction of displacement is the same as the
direction of the acceleration due to gravity.
Therefore, displacement is negative while the
spring force is positive.

F =—kx
(- F
X
__ AN
(—3.25x10*2 m)
=1.5x10° N/m
11. F, =—kx
%=
k
_ 93N
25 N/m

=-0.37 mor 0.37 m down

12. Choose the direction of displacement as positive.
This makes the value of the spring force negative
because it must be in the opposite direction.

F, =—kx
=—(5.0 N/m)(0.080)

=-0.40 N or 0.40 N left
F.-ma

net

a=

3|'|'h§

_ —040N
7.5%x107 kg
=-5.3m/s? or 5.3 m/s? left
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Lesson 6—Forces and Motion Fa=F+F
=F,-F
f net T
PRACTICE EXERCISES =160N-270N
ANSWERS AND SOLUTIONS =-1LO0N
F =11N
Consider up to be the positive direction. . e
_ 4. Consider up as the positive direction.
o LF=F, = =
F’I’ _ If + If . Z F = Fnet
| 145N mg w0p =ma
TSR 4 ~(6.3k g
- ) = (6.3 kg)(0.45 m/s*)
_gsors ; (11.0 kg )(-9.81 m/s?) 28N
4 - Fg =mg
I:net =ma 2
F 4 = (6.3 kg)(-9.81m/s*)
a=-" =—61.8N
37.09N Fre = Fap +
‘_r_ B 11.0 kg Fapp = Fnet - Fg
F, =3.37 m/s’ v =28N—-(-618N)
F, —65N
F} - @ . FAW 5. a) Co??’srlder up as the positive direction.
.MI
Consider east (right) to be the positive direction.
Z 'f = 'fnet Z'f = Ifnet
=Fp + F C) =ma
=6.0N+(-2.0N) =(1.20x10° kg)(~1.05 m/s* )
~ =40N =-1.260x10° N
Fnet = nja lfg =mg
4= et v = (1.20%10° kg)(-9.8L m/s?)
B L,n_o N Fy =-1.177x10* N
12.0 kg Fnet = : + FT
=0.33 m/s’ or 0.33 m/seast Fr=Fua—F
=-1.260x10° N—(-1.177x10* N)
3. =1.05x10" N or 1.05x10* N up
Fr - m - ﬁu
U b) Consider up as the positive direction.
Consider right to be the positive direction in the 2F i r':]”g
diagram. h . ,
SE-F, =(1.20x10° kg))(1.05 m/s* )
=ma =1.260x10° N
= (20 kg)(0.80 m/s*) Fo=Fr +F,
=16.0 N F=F.-F
=(1.260x10° N)—(-1.177x10* N)
=1.30x10* N
29 Physics 11 SNAP
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c) acceleration=0; .. >F =0 F,=mg
Consider up as the positive direction. m=—>
SF=F g
e _ -1.00x10> N
T~ -9.81 m/s?
=0 ~1.02x10" kg
or
F =-F _
T mgg F. =ma
T F
=—(1.20x10° kg)(-9.81 m/s) a= r;]e‘
=1.18x10* N 1.10x10% N
" 1.02x10" kg
6. Assume that the direction of motion is the =1.08x10" m/s® or 1.08x10" m/s? north
positive direction.
YE=F , L
et 9. Consider north as the positive direction.
AR F =ma
ooy +(-720N) ~ (7.00 kg)(2.30 mis” north)
= =16.1 N north
F.« =ma
a= Foet The magnitude of the horizontal force required to
~ 1n?1,'0 N accelerate the given mass at 2.30 m/s*® is 16.1 N.
36.0 kg
=0.361m/s? 10. Consider east as the positive direction. Since the
car is decelerating due only to friction, the net force
) o is actually the frictional force.
7. Consider west as the positive direction. SE-F._-F
o 9 = net f
V,” =V +2ad =ma
a= @ a= 5
2d m )
(0-(0.50 mis)’) _~180x10' N
=~ 1.50x10° kg
2(025m) =-12.0 m/s’
=-0.50 m/s’
Frae = F V2 =v?2 +2ad
=ma 2 2\4
0=(24.0 m/s)" +2(-12.0 m/s* )d
= (1.0 kg)(-0.50 m/s* ) ( , ) e ( )
~_050 N g (240mPs)
~.F,=050N 2(-12.0 mis”)
=24.0 mor 24.0 m east
8. Consider north and up as the positive directions.
~ ~ 11. Consider east to be the positive direction.
= ™ Fop LF=Fy=ma
a* — Fr\et
F=F m
2P =R -2.50x10" N
- Fapp +F T o010 k.
= 2.50x10% N +(~1.40x10% N 1.2010° kg
g +(_ e ) =-20.83 m/s?
=1.10x10° N
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V.-V, 13. F,
a= .
) t A FT
20,83 mjs? = = 20.0ms :
0.500 s = L.
V; =(—20.83 m/s*)(0.500 s)+20.0 m/s o F,
v, =9.58 m/s or 9.58 m/s east
Y
12, F, F, Fy
4 4 Consider right and up as the positive directions.
F
cos@ = =
= T
> F F, =F,cosé
1 =(60.0 N)(cos42.0°)
i =4459 N
P F,, =44.59 N or 44.59 N to the right
g — =
\ Fg = rTjg
Fs m= Tg
First, calculate the force due to gravity acting on g
the mass. This force is transferred through the cord __~125N
to the box. This means that the force of gravity -9.81 m/s?
acting on the mass is also the net force acting on =12.74 kg
the entire system. The force of gravity pulls down YF=F,=F, +F
on the mass with a force equal to its weight. _ 4459 N:_(_15 ON)
However, this force acts to accelerate both the mass B 29'59 N '
and the box. Thus, the acceleration of the entire T
system depends on the force acting on the mass and Foee = ma
the total mass of the mass and the box. q= Fat
Z 'fmass = 'fnet = IET 2”9] 59 N
= mmassg = -
= (1.5 kg)(-9.81 m/s’) 12.74 k92 , _
— 147N =2.32 m/s” or 2.32 m/s” to the right
z Fsys = Z Fmass
=M 80 14. Consider up as the positive direction.
a _ZFsys F]:775N Z'lefnelzlf-r-l-'fg
box — y
sys =775N +(—725 N)
147N =500N
1.0 kg +1.5 kg F, =mg
147N C) E
=5.9 m/s’® _795 N
; 2 ; =
So the box is accelerated 5.9 m/s” to the right. 981 m/s
Y =73.9kg
F=725N E_-ma
a* — 'fnet
m
500N
73.9 kg
=0.677 m/s’, or 0.677 m/s* up
31 Physics 11 SNAP
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15. Consider north as the positive direction. 4. a) The force of gravity and the normal force from
V.2 =v? +2ad the ground both act on the student.
0=(3.0m/s)* +2(a)(8.0m)
(3_0 m/s)2 b) She remains motionless because these forces
a=-———— - -
2(8.0m) are equal and opposite (F,, =0).
a =-0.563 m/s?
F =ma 5. Consider up as the positive direction.
= (0.48 kg)(~0.563 m/s”) Fy, =mg
=-0.27 N or 0.27 N south R
m=—
g
Practice Test _ 00N
-9.81 m/s*
=5.10 kg
ANSWERS AND SOLUTIONS
6. Note: You do not have a mass, and there is no
1. K =uk way to find it. Does it matter what the mass is?
kK Try giving the puck a mass of m.
# [
Fu Vi Vi a d t
The coefficient of friction is the ratio of the force 11 m/s 0 ? 25 m X
of friction to the normal force between two
surfaces in contact. The higher or lower the . o ) -
coefficient, the higher or lower the frictional force Consider the direction of motion as the positive
that exists due to the contact of the two surfaces. direction.
v, =v? +2ad
o ‘ ~ - =(11m/s)* +2(a)(25 m)
2. Inertia is an object’s tendency to resist a change in 0 (11 m s) + (
motion. The greater the mass of an object is, the 1 m/s)2
greater the inertia. a= _—2(25 m)
a=-2.42 m/s® or 2.42 m/s® opposing the motion
3. The graph is linear, and this implies a direct
relationship between the variables. This confirms F >
Newton’s second law, which states that the f
acceleration varies directly with the net force.
Mathematically, you have 2% Fret. LF=F,=F
units of slope = M F=ma
run units = (m)(—2.42 m/SZ)
2
_mis —m(-2.42 mis?)
N
. omis? R
kg - m/s? IZ:f = #M 2
L m(-2.42 m/s*) = pr,m(-9.81 m/s’ )
T kg g (—2.42 mis?)
_ _ _ = (-9.81m/s?)
The slope is the reciprocal of the mass. That is, the ~0.25
mass of the object can be found by calculating the e
slope of this graph and determining its inverse.
7. The gravitational force will be toward each other.
The particular direction depends on which object
the force is with respect to.
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F. =ma
=(3.0 kg)(1.2 m/sz)
= 3.6 N right
Fua=T+F
F=F,-T
=36N-52N

=-1.6 Nor1.6 N left

9. The force of friction will remain constant at 8.0 N
with a direction opposing motion until the object
comes to a complete stop. Once stopped, the
magnitude of the force of friction becomes zero
and it has no direction.

10. a) The slope of the graph represents the

acceleration. You are looking for the section
that has the greatest uniform slope. A region
of changing slope means that the acceleration

is not constant in that region.
>F=F,=ma

The greater the acceleration (slope), the greater
the net force. Section B shows the object
experiencing the largest constant net force
even though it is acting in the opposite
direction to the motion.

This is evident because the slope in section B
is the most steep.

b) If the friction has the same magnitude as the
applied force, the net force is zero, and the
acceleration will also be zero. Section A
shows an object moving at constant speed

therefore zero acceleration.

11. On a horizontal surface:

F.=-F,
Because the three objects have the same masses,
they all experience the same magnitude of normal
force.

12. The normal force is equal and opposite to the force
of gravity and the tension force is equal and
opposite to the force of friction. There is no net

force on the object, and therefore no acceleration.

13. a) Newton’s third law applies because boy A
exerts force of 250 N on boy B, and boy B
exerts a force of 250 N on boy A. These two
forces are equal in magnitude but opposite in
direction.

These two forces cannot be added in a sensible
way because they act on different objects. In
fact, this is the defining attribute of an action-
reaction couple.

b) Boy A exerts a force of 250 N on the rope,
and boy B exerts a force of 250 N on the rope
in the opposite direction. The tension in the
rope is 250 N throughout.

The vector sum of the forces is zero. The
forces can now be added because both forces
act on the rope.
SF =250 N + (=250 N)

=0N
There would be no acceleration of either of the
boys since the net force transferred to the
through the rope is zero.

14. r If the object is moving at a
constant velocity, there is no net
force.

AFQ = —45.0)N andF, =0
Fo =T +F

T=-F,

T=50N

15. Choosing right as the positive direction:
F. =ma
=(2.0kg)(-1.6 m/s*)
=-3.2Nor 3.2 N left
t = Til +T424
=F,-T,

net ~ '1

,=-32N-(-17N)

T, =14 N right
T,=14N

Fﬂ

@

e
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=(2.00 kg)(-9.81 m/s*)
=-19.62 N or 19.62 N down

'fnet = 'fs + 'fg
I:s = Fnet - Fg
= 0-(~19.62 N)
F, =19.62 N up
F, =—kx
k=1
X
_ 1962N
-9.00x102 m
k =218 N/m

17. The net force can be determined from the

free-body diagram. The tension in the cord is
transferred around the pulley and acts on the
mass in the upward direction. Consider up as

the positive direction.

+(5.00 kg)(—9.81 m/s?)
? =35.95 N or 35.95 N up

Yy F

Now, the acceleration of the system can
be determined, and from that, the time can

be calculated.
a= h
m
359N

~ 5.0kg
=7.19 m/s* or 7.19 m/s?

J:vit+lat2
2

a=0+lat2
2

oy

a
._ [@oom)
“\7.19 m/s?

=0.527 s

18. a)

b)

19.

Consider up and right as the positive
directions.

Fo=-F,

=-mg

—(7.0 kg)(—9.81 m/s?)
68.6 N or 68.6 N up

F=uFy
_ Ff
M = F,

25N

68.6 N
=0.36

Consider up and right as the positive
directions.
The force of friction between the smaller mass
and the underlying surface must be
determined.
F,=-F,
=—(2.5 kg)(—9.81 m/s?)
=245N
Ef = uFy
F. =(0.63)(24.5N)

=155N

T

2

The total force of kinetic friction along with
the net force can be used to determine the
applied force.

SF=F, +F

ma=F, +F

ma - F,

(9.5 kg)(2.5 m/s?) —(~25 N + (~15.4 N))
F, =64 N or 64 N to the right

Fa
Fa

Fo=ma
= (1.50 kg)(1.20 m/s*)
=1.80 N up
F, =mg
= (1.50 kg)(-9.80 m/s)
=-14.7 N or 14.7 N down

]!

=

F -1.80 N—(-14.7 N)

=16.5Nup

CASTLE ROCK RESEARCH

34

Copyright Protected



ANSWERS AND SOLUTIONS

20. a) The free-body diagram shows that the applied
force resolved into horizontal and vertical
components.

A F

I cos30.0°

The upward component of the force plus the
normal force is equal and opposite the
gravitational force.

Ifg =—(F, +Fsing)
=-F,—-Fsing
-F,—Fsing
-mg—Fsiné
—(10.0 kg)(—9.81 m/s*) — (100 N)(sin 30.0°)
48.1 N or 48.1 N up

I:N

b) Use the calculation from the previous problem
to calculate the magnitude of the force of

friction.
F, =—(F, +Fsino)
=-F,—Fsing
Fy=—-F,—Fsing
=-mg-Fsing

—(10.0 kg)(—9.81 m/s®) — (100 N)(sin 30.0°)
48.1 N or 48.1 N up
Fo=u Ry
F, =(0.620)(48.1 N)
=29.8N

c) Consider right as the positive direction.
F. =Fcosd+F
= (100 N)c0s30.0°+(-29.8 N)
=56.8 N
F. =ma

T

net

a:
m
568N

~10.0 kg
=5.68 m/s’

ENERGY

Lesson 1—Work

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

W =Fd
~ (20.0 N)(1.50 m)
=30.0J

W =Fd
—(6.00 N)(3.00 m)
~1801

W=Fd

F
(220 N)(0)
0

o)
g Om/s+0j

5.00s)

a

t
~11.0m/s-0

5.00s
=+2.20 m/s’®
F=ma
=(10.0 kg)(+2.20 m/s” )
=+22.0N
W =Fd
(220 N)(27.5m)
=605

Find the horizontal component of the force.

-
-

- --30.0°
Horizontal
adjacent
hypotenuse
adjacent = (c0s20.0°)(75.0 N)
=70.48 N
W =Fd
=(70.48 N)(10.0 m)
=705

cosd =

Not for Reproduction

Physics 11 SNAP



ANSWERS AND SOLUTIONS

6. W =mgh
=(60.0 kg)(9.81m/s*)(3.2 m)
=1.9x10° J

7. W=Fd
(0)(9.0m)

0

8. W =mgh
=(80.0 kg)(9.81 m/s*)(7.0 m)
=55x10° J

9.  Work done against friction:
W =Fd
=(3.8N)(6.0m)
=228

Work done to accelerate object:
d= \70t+%at2

6.0m= 23(4.0 s)’
a = 0.750 m/s?

F=ma
=(25.0 kg)(0.750 m/s”)
=188 N

W = Fd
=(18.8N)(6.0 m)
=1.13x10%J

The total work done is:
W =1.13x10% J+22.8]
=1.4x10% J

10. Convert 55 km/h to m/s:
55 km/h <1000 m/kmx ——1 153 m/s
3600 s

v/ =v2 +2ad
0=(15.3m/s)* +2a(38 m)
a=-3.08 m/s
F=ma
= (1165 kg)(~3.08 m/s*
=-3.59x10° N

W =Fd
=(-3.59x10° N)(38 m)
=-1.4x10° ]

11. Work is the area under a force-displacement graph.
W=Fd
=(35N)(16.0m)
=561

12. Work is the area under the force-displacement
graph.
area =%(I x W) + (I x w)
= %(3.0 mx(-4.0N))+(5.0 mx(-4.0 N))
=-261J

Lesson 2—Energy

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. E,=Fd
= (25.0 N)(2.10 m)
=525

2. E,=Fd
(65.0 N)(6.5x107 m)
=421

3. E,=mgh
=(2.75 kg)(9.81 m/s* )(7.00 m)
=189

= (2.0 kg)(9.81 m/s*)(0.25 m)
=491

5. E,=mgh
=(2.00x10° kg)(9.81 m/s*)(6.0 m)
=1.2x10*J
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Lesson 3—Kinetic Energy

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. Ek = Er’nv2

= %(3.0 kg)(7.5 m/s)’
=84

@l

-20.0N

—-9.81 m/s?
=2.039 kg

2(5.00><102 J)

2.039 kg
=22.1m/s

3. v} =v}+2ad
=2(2.5m/s*)(15.0 m)

V; =8.66 m/s
F, =mg
m=—-2
g
_ -100N
-9.81 m/s?
=1.02 kg
E = Lo
2
= %(1.02 kg)(8.66 m/s)’
=381

V7 =v¢ +2ad
=2(-9.81m/s’)(~7.0 m)

v, =—11.7 m/s
E = Lo
2
1 2
= 5(8.0 kg)(11.7 m/s)
=5.5x10% J
F,=mg
m=-—
g
-10.0N
—9.81 m/s?
=1.02 kg
E ==-mv’
ve 2B
m
2(3.00x102 J)
1.02 kg
=243 m/s

Lesson 4—Law of Conservation
of Energy

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

AE, +AE, =0
AE, =-AE,
—m(vf Vg ) =-mgaAh
( v;)=-g(h ~h,)
( 3.2 mis)’ ~0)=~(9.81mis*)(0~h,)
E(3.2 m/s)’
o (9.81m/s?)
=0.52m
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2. AE +AE, =0
AE, = -AE,

%m(vf2 ~V; ) =-mgah

%( ?—V;)=-gAh

%(vf —0) = —(9.81 m/s2)(—8.0 m)

v, = - (9.81 mis”)(-8.0 m)(2)

=13 m/s

3. AE, +AE, =0
AE, =-AE

p

%m(vf2 —v§)= —-mgAh

%(sz _Vg):_g(hf _ho)

~((s7.0 mis)’ ~0) =~ (s.81mis*)(0-,)
%(37.0 m/s)’

9.81 m/s?
=69.8 m

0

4, AE, +AE, =0
AE, =-AE

p
%m(vf2 ~V; ) =-mgah
1(vf2 —v§)=—gAh

2
1

E(vf -(11.0 m/s)z): —~(9.81.m/s*)(~1.3x10” m)

vi=\J-(9.81 mis?)(~1.3x10° m)(2)+(11.0 mis)’

=52 m/s
S. AE, +AE, =0
AE, =-AE,
%m(vf2 Vg ) =-mgaAh
%( ?-vg)=-gah
%(vf ~0)=—(9.81m/s*)(~4.0 m)

v, = - (9.81 mis”) (~4.0 m)(2)
=8.9 m/s

AE, +AE, =0
AE, =-AE,

%m(vf2 Vg ) =-mgah

%( ?—V;)=-gAh

%(vf2 -0)=—(9.81m/s*)(~0.25 m)

v, =\-(9.81mis”)(-0.25 m) (2)
=22m/s

Find hoO first:

sin30.0° = hy
120 m
h,=6.0m

AE, +AE, =0
AE, = -AE

p

%m(vf ~V§ ) =-mgAh
%(vf2 —vj):—gAh

l(vf ~0)=-(9.81m/s*)(~6.0m)

2
v, = - (9.81 mis”)(-6.0 m) (2)
=10.8 m/s
AE, +AE, = 0
AE, =-AE,
%m(vf2 —Vg) =-mgAh
%(vf2 —v§) =—gAh
%(vf —0) = —(9.81 m/sz)(—S.O m)
v, = - (9.81 mis*)(-8.0 m) (2)
=13 m/s
AE, +AE, =0
AE, =-AE,

%m(vf —Vvg ) =-mgAh
%(vf ~Vi)=—gAh
%(vﬁ ~0)=—(9.81m/s*)(~10.0 m)

v, = |-(9.81m/s?)(-10.0 m)(2)
=14 m/s
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10.  AE, +AE, =0 13.  AE, +AE, =0
AE, = -AE, AE, = -AE,
—m(vf—vg)_—mgAh %m(vf2 —v§)=—mgAh
%(sz V5 ) =-gAh %(vf ~Vi)=-gAh
X L (0 (3.5 mis) ) E(vf2 ~0)=—(9.81m/s*)(-2.0m)
A =
~(9.81m/s?) v, = - (981 m/s?)(-2.0 m)(2)
=0.62m =6.3m/s
1L. Lesson 5—Power
PRACTICE EXERCISES
ANSWERS AND SOLUTIONS
1. P:w and W =mgh
Find A first: t
y '[: m_gh
C0s25° = om P
y=109m _ (450 kg)(9.81 mis®)(6.0 m)
~Ah=12m-y 1.50x10° W
~1.2m-1.09 m =18s
=011m
AE, +AE, =0 w
AE, =—AE, 2. P:T and W = mgh
h
%m(vf2 —Vg ) =-mgAh P:%
~(v2-v2)=-gan _(20.0kg)(9.81 mis*)(2.50 m)
2 2.005s
E(vf2 ~0)=—(9.81m/s*)(-0.11 m) =245 W
v, = \j—(9.81 m/s®)(-0.11m)(2) 0y
g — _f 0
=1.47 m/s 3 Vo=
~3.00m/s+0
12. Note: The initial vertical speed is zero. B 2
AE, +AE, =0 =1.50 m/s
AE =-AE, v/ =v. +2ad
3.00 mis)* =2a(L5m
( Y ) ~mgan ( )a = 3.0(m/s2 )
( ~V; ) =—-gaAh F=ma
=(2.00 kg)(3.0 m/s*
l( -0)=—(9.81m/s*)(-5.0 m) —60N ( )
v = |-(981m/s?)(-5.0m)(2) P_Fv,
=9.9 m/s = (6.0 N))(1.50 m/s)
=9.0W
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4,

power out = Fv and F, =mg
power out = mgv
=(8.5x10 kg)(9.80 m/s*)(1.00 m/s)

=8.33x10° W

power out
power in
 8.33x10° W

©10.0x10° W
=83.3%

efficiency = x100%

x100%

v/ =vZ +2ad
(6.0 m/s)’ =2a(2.0m)
a=+9.00 m/s’®

ma
5.0 kg )(9.00 mis’)
=+45.0 N

net

'fnet = Ifa + 'ff
a — et Ff
— 450 N—(-4.0 N)
— 1490 N

S VY,

av 2
_6.0m/s+0

2
=+3.00 m/s

P=Fyv
=(49.0 N)(3.00 m/s)
=1.5x10* W

power out =VTV and W =mgh
power out = ngh

(20.0 kg)(9.81 m/s*)(5.00 m)
3505

=280 W

power out

power in
280 W

T 500x10° W
~56.0%

efficiency = x100%

x100%

power out
power in
efficiency x power in
100%
(82%)(1.00x10° W)
100%
(0.82)(1.00x10° W)

1.00
=8.2x10* W

efficiency = x100%

power out =

power out =VTV and W =mgh
to mgh
~ power out
(50.0 kg)(9.81 m/s* )(8.00 m)

8.2x10* W
=0.0479 s

Lesson 6—Machines and Efficiency

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

work out = mgh
= (225 kg)(9.81 m/s* )(1.20 m)
=2649
work in = Fd
= (315 N)(10.0 m)
=3150J

efficiency = M x100%
work in

26491

31507
=84.1%

x100%

work out = mgh
=(935N)(5.0 m)
=46751]

work in = Fd
= (455 N)(15.0 m)
=68251J

efficiency = M x100%
work in
4675 ]

T 68254
— 68%

x100%
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work out = mgh
=(75.0 kg)(9.81 m/s*)(3.0 m)
=2207

work out
work in
2207 J x100%

efficiency = x100%

work in =
0

22051

©0.785
= 2809 J

x1.00

work in = Fd
F_ work in
d
28091
8.0m
=3.5x10° N

work out = mgh
= (95 kg)(9.81 m/s*)(0.11 m)
=103J

work o.ut «100%
rk in

03J x100%

0

= %xl,oo
0.63

=163

efficiency =

work in = 1

work in = Fd
d— work in

F
162 J

T 262N
-062m

=62 cm

work out = mgh
=(65.0 kg)(9.81 m/s*)(1.92 m)
=1224)

efficiency = M x100%
work in

work in = 1224 x100%

0

= @xl_oo
0.682

=17951

Work required to overcome friction:
W = work in —work out
=17957)-1224]
=571J
W = F.d
_571)

5.00 m
=114 N

Although efficiency is defined in terms of work, it
can expressed in terms of power.

power out =VTV and W =mgh
power out = ngh

(1.30x10° kg )(9.81 m/s* )(25.0 m)
60.0's

=5.31x10° W
power out

Wer in
3 5.31x10° W

©1.00x10* W
=53.1%

efficiency = x100%

x100%

Lesson 7—Electric Current

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

I =
g=1t

=(360A)(153s)
=551C

~ |

. B
1.60x107° C
55.1C

T160x10°C
— 344107

_ (2.0x10%)(1.60x10" C)
B 10.0 A

=325

Not for Reproduction

41

Physics 11 SNAP



ANSWERS AND SOLUTIONS

T 1545
~364x10"'A

4. V=IR
=(8.00 A)(12.0 W)
=96.0 V

5. P=I%R
=(1L0 A)* (7.20 W)

=871x10° W

p_AE

t
AE= Pt
=(8.71x10° W)(25.0'5)
=218x10*J

6. P=—
t

_ 150x10%J

5.50s
=273x10'W

P=1°R
P

e
2.73x10'W

(10.0 A)?
=273x10'Q

7. P=
I:

<|'UZ

_ 4.00x10° W

©1.20x10%V
=333A

8. a) V=IR

 1.20x10°V

18.3A
=6.56 Q

b) power dissipated (or energy used per second)

9. a)
b)
10. a)

P=1IVv
= (183A)(12x10° V)
=220 10° J/s

Charge that passes through appliance
each second
g=1It
=(18.3A)(100s)
=183C
total charge
charge on le”
_183C
1.60x107%° C
=114x10*°
Energy used per e
_ total energy used/second
~ number of e~ flowing/second
 2.20x10%J/s

 1.14x10%
=192x1077J

number of ™ =

V=IR
—(20.0A)(6.00 )
=120x10% V

g=1It
=(20.0 A)(60.0s)
=1200C

_total charge
chargeonle”

_1200C

T 1.60x107° C

=7.50x10*
< os @
5 04

0 4.0 8.0 120 16.0
Potential Difference (V)
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rise
b) slope=—
run

— Y. = %1
X, =%
_(0.70-0) A
(14.0-0) V
=50x107 AN
Ro_1_
slope
1

T 5.00x10°2 AV
~(20.0£05) Q

11. P:E

t
AE =Pt
= (L0 kW)(50 h)
=50kW-h

cost =($0.060)(5.0 kW -h)
=$0.30

12. P:At—E
AE =Pt

= (e;.ooxlo2 W)(14 hx3.6x10° s/h)
=3.0x107J

13. W = mgh

= (45 kg) (9.8 m/s* )(9.0 m)
=39731

25% of 7.5x10*> W =187.5 W

Not for Reproduction

Lesson 8—Electric Circuits

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. Inaseries circuit:
I=l,=1,=I,
L=17A
I, =17A
I,=17A

2. Ina parallel circuit:
I=1+1,
I=21A+15A

=36A

Consider the series circuit:
I =1,
S 1,=36A

3. Inaseries circuit:
V=V, +V,
120V =80V+V,
V,=40V

4. Inaparallel circuit:
V=V, =V,
200V=20.0V =V,

. V,=200V

5. At first consider the series circuit:
V=V, +V,
450 V=110V +V,
V,=450V-11.0V
=340V

Then consider the parallel circuit:
V, =V,
340V=V,=V,
~V; =340V

6. Ina series circuit:

Req = Rl + RZ
=150Q+200Q
=3500
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7. Ina parallel circuit:

1 1 1

- =4

Req Rl RZ
1 1
6.0Q 80Q

R,=34Q

eq

8. Find equivalent resistance in the two parallel
resistors first:

1 1.1
Req(p) RZ R3
11
300 6.0 Q
=20Q

ecI(P)

Now, add in the series resistors:

Raw = Ri+Re)
=200Q+20Q
=40Q

9. Ina series circuit:
Req =R +R,+R,
=90Q+300Q+120Q
=240Q

10. Ina parallel circuit:

1 1 1 1

—_——t

Req Rl RZ R3
11 1
20Q 40Q 80Q

R,=11Q

11. Ina parallel circuit:
1 1 1

+r_ 1, 1.1
Req R1 RZ R3
1

1 1 1
+ +—=
ZOQ 45Q 9.0Q R,

11 _( 11 j
R, 20Q (45Q 900Q
R, =600

12. In a series circuit:
Req =R +R,+R,
1200=60Q+40Q+R,
~ R, =1200Q-10.0 Q
=20Q

13.

a)

b)

14. a)

15.

b)

In a series circuit:

R,=R+R,
=10.0Q+150Q
=250Q

=V
R
300V
25.0Q
=120 A
I=1,=1,
~1,=120A
I, =120 A

P=1%R
=(120 A)* (10.0 Q)
=144W

In a parallel circuit:

P=1%R
=(25A) (6.0 Q)
=38 W

In a parallel circuit:

1 1 1
—_—
Req Rl RZ
1 1
=
6.0Q 80Q
R, =343 0
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b)

16. a)

In the second circuit:

35A) (3430Q)
42W

Il
AN —

Find equivalent resistance in the two parallel
resistors first:

11,1
ReQ(P) R2 R3
1 1
=t
20Q 40Q
R, =133 Q

ed(p)

In the total circuit:

Reaw = Rrpy TR
=133Q+6.0Q
=733Q

To find the proportion of this current that
passes through R, we will use a ratio:

\ 1

l=—or la—

R R
R _400 ,,
R, 20Q

If the resistance R, is 2.0 times the
resistance R,, then the current through R, is
0.5 times the current through R, .

Ir =lg + g

b)

17. a)

b)

18. a)

b)

Let 1, = current through R;.
L 273A=21,+1,
31, =27A
2.7 A
l,=""
3
=091A

P= I°R
=(273A) (733 Q)
=55 W

In a series circuit:

Ry =R +R,+R;
=200Q+250+30Q
=75Q

V=IR
= IR,
=(80A)(75Q)
~6.0x10' V

P=1°R
=(80A) (7.5W)
=4.8x10° W

In a parallel circuit:
1 1 1

e

Req R1 RZ
1 1

+—
80Q 1000
R, =4.44Q

1=V
R
v

R
250V

4.44 Q)
=56 A

P=1%R
= (563 A) (444 Q)
=14 10> W
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19. I, =

R

Add R, and R, for parallel circuit I:

4t 1
R, 200Q 1000Q
R, =6670Q

Add R, and R for parallel circuit II:

1 _ 1 1
R', 200Q 10.0Q
R", =667Q
FindR,:

In a series circuit:
| ]
Req(total) = R eq + R eq + R3
RS = Req(total) _(R qu +R "eq)
=20.0 Q- (6.67 Q+6.67 Q)
=6.7Q

Now, find the current:
I,=45A

The sum of the current through R, and R, is
also 4.5 A.

Since Ia% , the current through R, will be 0.50

the current through R, .

Let Iz, =1,

IT(throughR1 andR,) = IR1 + IF?2
45A=0501,+]1,
45A =150 1,
l,=15A

In this problem:
I,=1,=15A

20. a) Find the resistance of each coil:

(120 V)?
6.0x107 W
=24 Q
Total resistance of the heater:
R,=R +R,
=24Q0+24Q
=48Q
Power consumed by heater:
V2
P=—
R
~ (120 V)?

48 O
=300 W or 0.30 kW

Time per day:
AE

Hours per day:
5.0x10% s

3600 s/h
=14h

# of hours =

b) Find the resistance of each coil:

(120 V)?
 6.0x102 W
=24 Q
Total resistance of the heater:
1 1 1

Req Rl R2
1 1
=t
240 240
R, =120
V2
R
(120 V2

12 Q
=1200 W or 1.2 kW

P
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Time per day:
p_AE
t
_AE
P
_1.5x10" J

1200 W
=1.25x10* s

t

Hours per day:
1.25x10* s

3600 s/h
=35h

# of hours =

c) There would be no cost advantage between the

two arrangements. Each case uses 4.2 kwWh of
electricity.

ALTERNATE METHOD

a) Find the resistance of each coil:
VZ
P=—
R
VZ
)
. (120v)?
6.0x1072 W
=240

R

Power dissipated in each coil:

Power dissipated by heater:
2x150 W =300 W

Time:

~1.5x10"J

300 W
=5.0x10* s

Hours:
5.0x10%*s

3600 s/h
=14h

# of hours =

b) Find the resistance of each coil:

(120 V)2

T 6.0x1072 W
—240

Power dissipated by each coil:

Power dissipated by heater:
2x600 W=1200 W
Time:
p_AE
t
_AE
P
~1.5x10" ]
1200 W
=1.25x10* s
Hours per day:

1.25x10%s

3600 s/h
=35h

t

# of hours =

21. Find total resistance of the circuit:

Add R; and R,
1 1

1
Req(l) Rl RZ
L,

+
120 120
Rege =6.0 2

Add 6.0 Qto R,

Rue =6.0 W+12W
=18 W
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Add 18 Qto R,

1 _ 1 1
Rao 120 180
Rup =720

eq(3)

Find power dissipated by the circuit:
2
p=V"
R
_ (120 V)?
7.2Q
=20x10° W

Find energy used in 4.0 h

p_AE

t
AE = Pt
=(2.0x10* W) (4.0 hx3600 s/h)
=2.9x10" J

Use: AE =mcAT
AT = AE
mC
3 2.9x107 J
(200 kg)(4.19x10° J/kg - C)
=34°C

Final temperature:

T, =T, +AT
=15°C+34°C
=49°C

22. a)
V =1IR
R=

| <

b)

24.0
21.0
18.0 :
15.0f----:
@ 12.0
9.0

6.0

3.0

1.0 2.0
A (x10-9m2)

c)

24.0
21.0
18.0f----i
Q( 15.0 fo-oi
R 120
9.0}
6.0
3.0

3 6 9 12 1518 21 24 27
30 1
A (x108/m?)

A 21x10°m?
=4.8x10%/m?
=4.8

11

A 14x0°m?

=7.1x10°/m?

=71

A~ 0.70x10° m?
=14.3x10°/m?
~14

1 1

A 0.35x10° m’

= 28.6x10°/m?

=29
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Lesson 9—Electromotive
Force (EMF)

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. v=&-1Ir
=1.5 V—(I.O A)(O.SO Q)
=15V-050V
=10V

2. V=&-Ir

E=V+Ir
=50 V+(]_2 A)(0.72 Q)

=59V

3. Current flowing to battery
V=E+Ir
=24 V+(24 A)(0.25 Q)
=30V

4, V=&-Ir
IR=&-1Ir
I(R+r)=¢&
| = &
(R+r1)
B 12V
400+1.0Q

_2V o940

|
_120V-115V

12 A
=042Q

Lesson 10—Thermal Energy

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. AE,=mATc
= (0.462kg)(80°C - 24°C))(4.18x10° J/ (kg -°C))
=1.08x10° J

AE, =mATc
= (0.462 kg) (80°C - 24°C)(1.30x10” J/ (kg -°C))
=3.36x10° J

AE, =mATc
AT =55
mc
- 2.50x10* J
(0.200 kg)(3.47x10° ¥/ (kg -°C))
=36.0°C
AT =T, -T,
T, =T, +AT
=20.0°C+36.0°C
=56.0°C
AE, =mATc
AE,
m=—"
ATc
- 2.10x10* J
(15.0°C)(4.18x10° ¥/ (kg -C))
=0.335 kg

heat gained by cold water + heat lost by hot water
=0
AE, +AE,,, =0
AE, . =—AE,,
m.AT.C. =-m, AT, C,
(0.185kg) (T, —12.0°C)(4.18x10°J/ (kg -°C))
=—(0.295kg)(T, ~85.0°C)(4.18x10°J/ (kg -°C))
(7.733x10° J/°C)(T, -12.0°C)
=—(1.233x10°J/°C)(T, -85.0°C)
(7.733x10° J/°C)T, -9.280x10° J
=—(1.233x10°J/°C)T, +1.048x10° J
(7.733x10% J/°C)T, +(1.233x10°J/°C)T,
=1.048x10° J+9.280x10° J
(2.006x10° J/°C)T, =1.14x10° J
1.140x10° J

"7 2.006x10° J/°C
—56.8°C
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6. heat gained by water + heat lost by copper =0
AE,,, +AE,. =0
AE,, =—AE
m,, AT,,Cy, = —MAT.C.
(0.275 kg)(T; —12.0°C)(4.18x10° J/ (kg -°C))
=—(0.240 kg (T, - 215°C)(3.90x10” J/(kg-°C))
(1.150x10° J/°C)(T, ~12.0°C)
=—(93.60 J/°C)(T, - 215°C)
(1.150x10° J/°C)T, ~1.380x10" J
= —(93 60 J/°C)T +2.012x10* J

(1.150x10° J/°C)T, +(93.60 J/°C)T,
=1.380x10* J+2.012x10* J
(1.244x10° J/°C)T, =3.392x10* J

T __ 3392 x10* J
" 1.244x10% J/°C
T, =27.3°C

7. heat gained by water + heat lost by metal =0
AE,,, +AE,, =0
AE,y =-AE,,
m,,AT,,Cy, =-M,AT,.Cy,
(0.265kg)(33.0°C— 26.0°C)(4.18 x10°J/ (kg ~°C))
—(0.352 kg)(33.0°C - 215°C)cc,,
7.754x10° J =(64.06 kg-°C)c,,
cy =1.21x10% J/(kg-°C)

8. E, = %mv2

= %(0.001 kg)(40.0 m/s)’

=081
AE, = mATc

0.81J
~(0.101 kg)(4.18x10° J/(kg-°C))
~1.89x10°%°C

9. heat gained by cold liquid + heat lost by warm
liquid =0

AE,,, +AE,. =0
AE, =—-AE.
My AT, Cy = —MATC., Where (c. =c,,)
AE,. +AE,, =0
MCAT.C. +m, AT, C,, =0, where (c. =c,)

(29.0 g)(T, —52.0°C)c = —(20.0 g)(T, —10.0°C)c

Divide both sides by c.
(29.0 g)(T; —52.0°C) =—(20.0 g)(T, —10.0°C)
(29.0)T, —1.508x10° g-°C
—(20.0 9)T, +200.0 g-°C
(29.0)T, +(20.0 g)T,
=200.0 g-°C +1.508x10° g-°C

(49.0 g)T, =1.708x10° g-°C

~1.708x10° g-°C

" 490¢

=34.9°C

Note: You do not need to change the mass to

kilograms because the mass unit cancels out in
the end.

Practice Test

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

When work is done in lifting an object, the
gravitational potential energy is increased. When
work is done on an object in accelerating it, the
kinetic energy is changed. When work is done on
an object to overcome friction, mechanical energy
is changed to thermal energy.

When work is done in lifting an object, the
gravitational potential energy is increased. When
work is done on an object in accelerating from rest,
the kinetic energy is increased.

W =Fd
No work is done because there is no displacement.

Friction is a non-conservative force. This is
because the amount of work done on the object
does depend on the path. The longer the path
length, the more work done on the object by
friction.
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If the velocity is constant, there is no net force.
Therefore, the applied force is equal to the force of
friction. Note that the force of friction is constant.
This means that the applied force to overcome
friction is also constant. The following graph
shows a sketch of what this scenario should look
like.

A

Force (N)

L
Displacement (m)

In dragging the object, work is done to overcome
friction. When work is done to overcome friction,
mechanical energy is changed into thermal energy.

Substitute %v into the equation for kinetic energy

to determine the effect of halving the velocity of an
object in motion.

E, = L
2

1 (1 YV
E ,,=—m|=v
k 1/2 2 (2 j

o)
=-m| v
2 \4

.. When v is halved, Ey is quartered.

-

Area
(1% w)

Force

—
Displacement

Work is represented algebraically by W = Fd . The
area under the curve on a force-displacement graph
isequal to Fd . Therefore, work is the area under
the curve.

10.

11.

12.

13.

Gravity is a conservative force. Spring forces are
conservative forces. These are conservative
because the amount of work done is independent of
the path taken. Mechanical energy is conserved.

a) The gravitational potential energy does not
depend on the velocity. Therefore, the
gravitational potential energy if Elissa ran up
the stairs at 2v instead would still be E,,.

b) The power used by Elissa to run up the stairs is
represented by the equation P=Fv.
Substitute 2v into the equation to determine the
effect of doubling the velocity.

P =Fv

P, =F(2v)
P, =2Fv
P, =2R

Therefore, if the velocity doubles, the power
doubles. This can be represented by the
expression 2P.

P=Fv
=mgv
= (45 kg)(9.81 m/s*)(0.25 mis)
=110 W

Lifting a 45 kg student vertically at a speed of
0.25 m/s will require 110 W.

Aluminum has the greatest specific heat capacity.
It requires more heat to raise its temperature.
Therefore, it could remove more heat from the
liquid than the other metals.

AE, =mATc

The temperature change in metal bar 2 is greater
than the change in metal bar 1. This means that
metal bar 2 has a smaller specific heat capacity
then metal bar 1. It takes less energy to raise the
substance’s temperature, but because the same
amount of heat was applied to each bar, metal bar 2
reaches a higher temperature.
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14. AE +AE,, =0 18. A machine is never 100% efficient because some
MUATC.. = —MuAT..C of the mechanical energy used by the machine
(Lkg)(62°C _8602)(2 X) _ —(z‘Ykg;(eYs2°c _2a°C)(c,) changes into heat energy due to frictional forces.
_242 — _76c Y This heat energy is waste that lowers the efficiency
o Z3920. of the machine.
X - Y
Therefore, liquid X has the higher specific heat 19. V=IR
capacity. Its specific heat capacity is 3.2 times greater = (9,0 A)(5.0 Q)
than the specific heat capacity of liquid Y. —45V
The potential difference across a 5.0 Q resist
15. AE, +AE,, =0 N resistor
m,AT,c, =-m,AT,C,
(1kg)(34°C—10°C)(c, ) =—(2 kg)(34°C -58°C)(cy)
24c, =48c, q
¢, =2.0c, 20. 1= T
g=1It
Therefore, liquid X has the higher specific heat =(0.20 A)(60.0'5)
capacity. Its specific heat capacity is 2.0 times =120C
greater than the specific heat capacity of liquid Y. 1e # e
1.60x10%° C 12.0C
16. AE, +AE, =0 or AE, = -AE, # e =7.5x10"
As the object reaches its maximum height, the A condugnor carrying a current of_0.20 A V\_/iII have
kinetic energy will decrease (the object slows) 7.5 x 10 electrons pass through it each minute.
while the potential energy will increase (the
object’s height increases). The following sketch AE
shows this relationship in graph form. 21. P= T
AE =Pt
= (775 W)(60 s/min)(15 min)
=7.0x10° J
%y A 775 W heating coil will use 7.0 x 10° J of energy
when it works for 15 minutes.
En
22. Add the parallel resistors first:
t 1.1
1, 2 R,, R R
17. E,=—mv° orE, cv eq(p) 2
2 1 1 N 1
o L R 50Q 50Q
Therefore, as the velocity increases, the kinetic ei"” )
energy will also increase but at an increasing rate. =<
The following sketch illustrates this exponential Rap 200
growth in graph form. 500
Reat) =
2
Regpy =250
Now add in the series resistor:
=y Ry =25Q+500Q
=75Q
v
The equivalent resistance of the three resistors
is7.5Q.
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23.

24.

25.

26.

217.

28.

Ry =R +R,
=500Q+7.50Q
=125Q

The equivalent resistance of the two resistors
is12.5 Q.

In order to determine the resistance through an
electric circuit, you would use an ammeter to
measure the current through the circuit and a
voltmeter to measure the drop in potential across
the resistor. From this information, you could
determine the resistance in the circuit.

For every electron that passes through R,,
two electrons will pass through Rs (R3 has % the

resistance). This means that for every three
electrons that pass through this circuit, one electron

|
passes through R, (i.e., = of the total current
3

passes through Ry).

IRz 3 R,
:l><9.0 A
3
=30A

The current through R; is 3.0 A.

The voltage across each resistor must be the same

(Kirchhoff’s laws). Therefore, when two resistors

are connected in parallel in an electric circuit, they
will both have the same voltage drop.

If two copper conductors have the same resistance,
they must have the same voltage-to-current ratio.

By adding R, in series, the resistance in the circuit
increases, R, =R, +R,. When the resistance of
the circuit increases, the current through the circuit
decreases.

R

29. By adding R, in parallel, the resistance in the

circuit decreases, but the resistance of R; does not
change. The voltage across each resistor in a
parallel circuit also does not change by adding R,.
2
p_V_
R

Therefore, the power dissipated by R; also does not
change when resistor R, is added in parallel.

30. a) Find the equivalent resistance of the parallel

resistors by adding their resistances:

1L 1.1
Req(p) RZ R3
1 1 1
= +
Req(p) 400 20Q
1 1 2
= +
Req(p) 400 40Q
1 _ 3
Req(p) 40Q
40Q
Reaty = 3
R =133 Q

eq(p)

Now find the total equivalent resistance in the
circuit by adding the resistor in series:
Ry =1.33Q+R,

=1.330Q+5.0Q

=6.33Q

=6.3Q

Therefore, the total resistance of the circuit is
6.3Q.

b) V=IR
=(L6 A)(6.3 Q)
10V

The terminal voltage of the battery is 10 V.
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WAVES AND SOUND

Lesson 1—Waves and Sound

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. v=Af

1=y
f
| 3.3x10 mis

© 5.0x107" Hz
-0.66 m

2. v=

A

N

.00s

.60m
.30 m/s

N

3. v=Af
f_2.5m/s

50m
=0.500 Hz

4. Frequency is the number of waves per second.

9.5

= f
60.0s
f =0.16 Hz

5. f-=
T

1
~1.00x107 Hz
—1.00x10% Hz

v=Af

i=Y
f

335 m/s

T 1.00x102 Hz
~335m

6. v=Af

i=2

f
~3.00x10° m/s

"~ 1.00x10° Hz
—3.00x10% m

7. v=Af
f=Y
A
_3.00x10° m/s
5.00x107 m
=6.000x10" Hz
roi
f
1

~ 6.000x10™ Hz
~167x10 5 s

Lesson 2—Properties of Waves

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. 23cm+19cm=4.2cm

2. 52cm+25cm=7.7cm

3. 23cm-19cm=0.4cm

4, 52cm-25cm=2.7cm

5.
N1

6.
™
| \J
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Lesson 3—Sound

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. v=(331+(0.59/°C)T) mis
=(331+(0.59/°C)(10.0°C)) m/s
=337 m/s

2. #beats="f —f,
=256 Hz—-251 Hz
=5Hz

d

V J—
t
d=vt

=(341m/s)(5.50 s)
=1.88x10° m

5. v=(331+(0.59/°C)T) ms
=(331+(0.59/°C)(22°C)) m/s
=344.0 m/s

d

t
d:

= (344.0 m/s)(3.6 s)
=1.2x10° m

V=

IS
<
Il

—
—

total

.310s

I
S ONIkP~ |

o

I
—_—~

1.46x10° m/s)(0.310 5)
= 4.5%10° m

10.

11.

12. v=

v =(331+(0.59/°C)T) m/s
=(331+(0.59/°C)(18.0°C)) mis

=342.0 m/s

d
V=

t
=4
_ 1.0x10* m

© 342.0 m/s
=202s

<

=(331+(0.59/°C)T) m/s
=(331+(0.59/°C)(20.0°C)) m/s
=343 m/s

v=Af

P
f

343.0 m/s

T 2.50x10° Hz
~1.37x10% m

v =(331+(0.59/°C)T ) mis
5=(331+(0.59/°C ) ) mis

[ 55— 331)
0.59

=40.7°C

# beats= f, - f,
f, =6.60x10* Hz+3.00 Hz
=6.63x10° Hz or 6.57x10% Hz

v=Af
=(1.5m)(1.00x10° Hz)
=1.5x10° m/s

(331+(0.59/°C)T) mis
=(331+(0.59/°C)(17.0°C)) mis
=341.0 m/s

d

t
vt

=(341.0 m/s)(1.05 s)
=358.1m

v
d
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= E ttotal

1
~d= E dtotal

358.1m

2
=179 m

d

13. T:l
f

1

" 256 Hz
=3.91x10" s

14, f-1
=
1

T 2.0x10° s
—5.00x10* Hz
v=Af
=(3.0x10” m}(5.00x10" Hz)

=1.5x10% m/s

Lesson 4—Characteristics of Sound

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

1. A=2L
=2(12m)
=240m
v=Af
— (2.40 m)(65 Hz)
=1.6x10* m/s

_ 144 Hz

3
=48.0 Hz

2. f

3. Third harmonic = 3( Fundamental frequency)
—3(354Hz)
=1.06x10° Hz

_ 25x10° Hz

4
=6.3x10% Hz

4. f

5. Third harmonic = 3( Fundamental frequency)

3rd harmonic

3
 1.2x10° Hz

3
=4.00x10% Hz

2nd harmonic = 2(Fundamental frequency)
=2(4.00x10° Hz)
=8.0x10° Hz

Fundamental Frequency =

6. Fundamental frequency = 335 Hz

=111.7 Hz
4th harmonic = 4(Fundamental frequency)
=4(111.7 Hz)
=447 Hz

7. A=2L
=2(27.0 cm)
=54.00 cm
v=Af
=(54.00 cm)(637 Hz)
=3.440x10* cm/s

Frequency of 22.0 cm string
A=2L

=2(22.0 cm)

=44.00 cm

f="
p)

~3.440x10* cm/s

44.00 cm
=782 Hz

8. A1=2L
=2(25cm)
=50.0 cm
v=Af
= (50.0 cm)(441 Hz)
=2.205%x10* cm/s

Length of 525 Hz string
v=Af
A=Y
f
~ 2.205x10* cm/s

525 Hz
=42.00 cm
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A=2L

L2
2

_42.00 cm

2
=21lcm

10. A=2L
:2(0.80 m)
=1.60 m

v=Af

11, v=,]—

~ 80.0 N
~\195x107 kg/5.0 m
=45.3m/s

A=2L
=2(5.0m)
=10.0 m

v=Af

£ 45.3 m/s

~10.0m
— 4.5 Hz

12. 1=2L
= 2(2.6 m)
=5.20m
v=Af
= (5.20 m)(133 Hz)
=691.6 m/s

T
V=, |—
m/L

T

691.6 m/s = 5
9.8x10™ kg/2.6 m

T =(691.6 m/s)z(

=1.8x10° N

9.8x107 kg
2.6m

|

v=Af
_ T
m/L
af= |
m/L

or fax/'F

or Taf?

Frequency
To 231Hz

From 224 Hz
-1.031

f2=1.0635
T =(1.00x10% N)(1.0635)
~1.06x10? N

T
V=, |—
m/L

65 m/s = ’ﬂ
m/0.50 m
(12 N)(O.5O m)

(65 m/s)2
=1.4x10"° kg

Lesson 5—Air Columns

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

v=Af

1=3
f
_ 343 m/s

256 Hz
=134 m

A=4L
= 4(1.89><10’1 m)
=7.560x10" m
v=Af
=(7.560x10"* m)(4.40x10% Hz)
=333 m/s

3rd harmonic = 3( Fundamental Frequency)

= 3(384 Hz)
—1.15x10° Hz
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4. A=4L
=4(22.0x107 m)
=88.00x102 m

v =(331+(0.59/°C)T) m/s
=(331+(0.59/°C)(20.0°C)) mis
=342.8 m/s

v=Af

f=—
A
342.8 m/s

T 88.00x102 m
~3.90x10? Hz

5. v=(331+(0.59/°C)T) mis
=(331+(0.59/°C)(20.0°C)) mVs
=342.8m/s

v=Af

a=2
f

_ 342.8 m/ss

256 Hz
=1.339m

6. A=4L
=4(0.55m)
=220m
v=Af
= (2.20 m)(156 Hz)
=3.4x10% m/s

Il
~
-

<
I
—h|<

341 m/s

40x10° Hz
0.7750 m

T4
A
4
0.

L=

7750 m

4
=0.194m

10.

11.

. 1332m

2
=0.666 m

A=2L
= 2(0.330 m)
=0.6600 m
v=Af
(0.6600 m)(512 Hz)
=338 m/s

2nd harmonic

2nd harmonic = 2(Fundamental )
=2(384 Hz)
=768 Hz

3rd harmonic

3rd harmonic = 3(Fundamental )
—3(384 Hz)
=1.15x10% Hz

Lesson 6—Doppler Effect

PRACTICE EXERCISES
ANSWERS AND SOLUTIONS

Sound waves are being emitted from the train’s
whistle in all directions. The car travels toward
these expanding wavefronts and the driver hears an
apparent higher pitch than the source.

The car is now travelling away from the expanding
wavefronts. Thus, the driver of the car hears an
apparent lower pitch than the source.

As the whistle moves toward the stationary
observer, the apparent wavelength of the whistle
wavefronts decreases (i.e., the wavefronts become
compressed in front of the whistle). Thus, the
observer hears an apparently higher frequency
(pitch) sound than the source.
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As the whistle moves toward the stationary 5. A wavelength is the distance between two adjacent
observer, the apparent wavelength of the whistle points that are in phase. Points A and E are two
wavefronts increases (i.e., the wavefronts become such points.
farther away from each other behind the whistle).
Thus, the observer hears an apparently lower C is the correct answer.
frequency (pitch) sound than the source.
i 6. A particle in a transverse wave speeds up and
Practice Test slows down. The point reverses its direction at A,
therefore, as the particle approaches point A, it is
slowing down. Conversely, as the particle
ANSWERS AND SOLUTIONS approaches the equilibrium position (B) it is
speeding up.
The apparent change in frequency due to the )
motion of the source or the observer is called the B is the correct answer.
Doppler effect.
C is the correct answer. 7. Each segment (loop) represents %/1. Therefore,
v=Af gl =45m
A
~10.0cm/s v=Af
2.0cm =(3.0 m)(60.0 Hz)
=50 Hz =1.8x10° m/s
When waves meet crest to crest or trough to trough, | g The poppler effect occurs when there is relative
they are meeting in phase. When waves meet in motion between a wave source and the observer.
phase, constructive interference results.
. B is the correct answer.
A is the correct answer.

9. Resonance results when two objects have the same
natural frequency, and the vibration of one of the
objects causes the other object to vibrate.

D is the correct answer.
Short 4 Long A
High 1 L . . L
ighf ow/ 10. Diffraction, constructive interference, and
destructive interference are all exclusive properties
of waves. Due to the presence of various fields and
forces, particles can be refracted.
. . A is the correct answer.
When the sound source is approaching
the observer, he or she is in the region of
high frequency. 11. The amplitude is the maximum displacement from
the equilibrium position. The amplitude is 10 cm.
In the same way, if the sound source is moving )
away from the observer, he is in the region of low C is the correct answer.
frequency. The region of lowest frequency is
represented by position A.
A is the correct answer.
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12. v=1A v="~fA4
=(1.02x10" Hz)(0.491 m) Vv
=5.008x10° m/s f
d _ 342 mls
d=vt=t=" 522.5 Hz
_ 130m =0.65m
5.008x10° m/s
=2.60x107°s 17. A pure note of a given frequency has no overtones
=2.60 ms and vibrates only at the fundamental frequency.
Sound coming from two different musical
instruments will be recognizably different, even
13. —]— when the same note is played, because additional
— frequencies, called overtones, are produced.
Thus, the quality of the sound produced by each
N instrument is different, allowing the instruments
to be distinguished from one another.

A is the correct answer. An oscilloscope display of these two sounds
would be very different because the display
shows the superposition of these harmonics.

14. Determine the frequency, as it does not vary with
the medium the light propagates through. C is the correct answer.
v=fil=f= v
3.00x10° ﬂ; 18. Infrasonic waves are waves below the audible
- x—7ms frequency range, which varies from one person to
7-0X10;4 m another. The typical audible frequency range is
=4.29x10" Hz 20 Hz to 20 kHz. Therefore, the frequency 12 Hz
is infrasonic.
Find the wavelength in glass.
Ve fA= A :% A is the correct answer.
_ 20x10° mfs 19. First, express the time taken by the projectile
4.29%10" Hz and the sound in terms of their respective distances
=47x10" m and speeds.
d =vt =t =—"
15 f =f,—f S A
= 440 Hz - 435 Hz dovt ot 2%
~5.0 Hz TR TLEY
. The difference in time is known.
The number of beats heard in 5.0 s can
d d
be calculated. = __2-200s
(5.0 Hz)(5.0 s) = 25 beats Vi Y
16 ff _f The horizontal distance travelled by the projectile
' b2 1 is the same as the distance travelled by the sound.
20.0
f,=—— =250 Hz d, d,
8.0 200s=—-—+
250 Hz =525 Hz - f; ARA'A
f, =522.5 Hz d, d,
2.00 s= -
340 m/s 1250 m/s
1250 m/s)d, —(340 m/s)d
2.00 5= ( ) p ( ) p
(1250 m/s)(340 m/s)
CASTLE ROCK RESEARCH 60 Copyright Protected



ANSWERS AND SOLUTIONS

(910 m/s)d,
(1250 m/s)(340 m/s)
d - (1 250 m/s)(340 m/s)

P (910 m/s)
d,=934m

2.00s=

x2.00s

20. Five nodes implies four loops, or standing waves.
In turn, this implies the fourth harmonic.
L=24

2=
2
95m

2
=475m

v=Af
=(4.75 m)(4.5 Hz)
=21m/s

21. v=331m/s+(0.59 m/s-°C)(23°C)
=344.6 m/s
A=—
f
_ 344.6 m/s
350 Hz
=0.9846 m
L2
4
=0.246 m

22. Calculate the fundamental frequency.
L= i =1
4
=4(1.35m)
=5.400 m

f=Y
2

_ 343 m/s
5.400 m
=63.5Hz
Calculate the frequency of the first harmonic.
L= % =1
4

_4(135m)

3
=1.80m

f=Y
P

_ 343 m/s

©1.80m
=191 Hz

23. First, find the fundamental resonance.

L2
4
_ 145cm

4
=36.3cm

Next, find the second harmonic.

L34
4

3(145cm)

4
=109 cm
Finally, calculate the third harmonic.

L4
4

5(145 cm)

4
=182 cm

A is the correct answer.

24. L=4
A=135m
f=Y

A
_ 343 m/s

©1.35m
— 254 Hz

25. The trumpet is a closed tube because it is closed at
one end. An antinode always forms at the open
end of a closed tube.

B is the correct answer.

26. The existence of four standing waves implies the
fourth harmonic.
L=24
A=3.0m
{100
6.35
=1.59 Hz
v=Af
=(3.0 m)(1.59 Hz)
=4.8m/s

27. The frequency of the nth harmonic is equal to n
times the fundamental frequency.

Nfea =(3)(40.0 Hz)
=1.20x10% Hz
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28.

N[

I
o N

L
4, =2(0.25m)
500 m

v
fl = Z
_ 343 m/s
0.500 m
=686.0 Hz
A, =2(0.28m)
=0.560 m
v
f,=—
2 12
_ 343 m/s
0.560 m
=612.5Hz
fo=f-1
=74 Hz

29. v=331m/s+(0.59 m/s-°C)(28°C)
=347.5m/s

L=2
4
2 =4(0.15m)
=0.600 m

f=Y
A

3475 m/s

~ 0.600 m
=5.8x10% Hz

30. Blowing harder will result in a louder note because

the amplitude of the sound wave will be larger.

C is the correct answer.

31. Since the man is moving away from the source, it
takes longer for each compression to reach him.
The frequency he hears will be lower than f.

D is the correct answer.

(xT) T

32. v=,[——= =X —

v m/L =V \/; m/L
AVoc\/;

D is the correct answer.
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