Solutions Manual to Accompany

Introductory Physics, secondEdition

Rebekah L. Mays and John D. Mays

INTRODUCTORY

PHYSICS

SECOND EDITION

JOHN D. MAYS




Solutions Manual
to Accompany

Introductory Physics

Rebekah L. Mays and John D. Mays

L

NOVARE

SCIENCE & MATH

Austin, Texas
2015



© 2015 Novare Science & Math LLC

All rights reserved. No part of this book may be reproduced or transmitted in any form or by
any means, electronic or mechanical, including photocopying, recording, or by information
storage and retrieval systems, without the written permission of the publisher, except by a
reviewer who may quote brief passages in a review,

Second printing
Published by

novarescienceandmath.com

L

SCIENCE & MATH

Printed in the United States of America
ISBN: 978-0-9966771-5-8

Novare Science & Math is an imprint of Novare Science & Math LLC.

For the complete catalog of textbooks and resources available from Novare Science & Math,
visit novarescienceandmath.com.



Contents

Acknowledgement
Preface
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9
Chapter 11
Chapter 13

iii



EEEEEEEEEEEE



Acknowledgement

[ (John) wish to express my gratitude to my daughter Rebekah Mays for carefully and
metlculously compiling these solutions. Any errors that remain in this volume are my own
responsibility,

i



Preface

This solutions manual contains fully detailed solutions for all of the computational prob-
lems contained in my text Introductory Physics. Teachers and students using that text should
find this manual to be a valuable resource.

When comparing your results to the results shown here and 1o those in the text, keep in
mind that the last digit is always uncertain because of the way significant digits in measure-
ments are defined. When two results match except for a small difference in the most precise
digit, we say that the results match. Because of rounding in calculators, it will not be uncom-
mon for results shown here to differ from the answer key in the text or from your result by or
two in the most precise digit,

I have checked and double checked the solutions to make them as accurate as pos-
sible. However, in any manual of this kind it is inevitable that errors remain. If you find
an error, we would be much obliged if you would inform us of it by sending an email to
info@novarescienceandmath.com.



Chapter 2

Linit Conversmns

i 1ft
1,750 m- 100 cm - L : =5,740 ft
Im 254c¢m 12in

2

| kg
A g —"—={,00354
B 1000 g ke

A1 m].~—”'—=u.u4111 L
1000 mlL

, . 100cm T1in 1ft 1mi 5.
ST E =4x=10" mi
1 m 254cm 12 in 528&&

5.

15499102 mm.—— =1.5499%10™ m
1000 mm
0.
} . lm’ 3
750 cm - lnﬂ}_ 11 L. =75%10" m
1 cm” 1000 mL 1000 L
7.
i ft
29979 10" m Wew. 1 lﬁ =9.836x10" —
5 1lm 254¢:m 12 in 5
K.
0 i
o8 hr. 220N 608 _ c0s.000's
1 hr "1 min
9,
1
5.570 kg 1000g Im' 1L mL s ?i

m" 1kg 1000L 1000 mL 1cm’ cm’
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L] 3
45 _gill."x?B&L‘ Im  60s =1.0x10' m-

s lgal 1000 L 1min min

lll

600,000 (03048 m)* 1000L 605 GOmin_ . o L

s 1t 1m® 1min 1hr hr

12.

1L 1 m’

- =52%10" m’
1000 mL. 1000 L

5,200 mL-

13.
lcm  lem lin lin

. - : =(.876 in’
10mm 10mm 2.54cm 2.54 cm

5.65x10° mm*-

14.

32_15£.12m.2'34“:m. 1 m =9.802ﬂ,
g7 1ft lin 100 cm 5

15.

soo M8 18 1kg 605 4510+ 18
s 10" ug 1000 g 1 min min

16.
4771 8. 1kg 1000 mL 1000L

: —4771 18
mL 1000g 1L I m

Em

17.

=136x10" D&

L]

13.6 8 1000 mg 100 cm 100 cm 100 cm
Team' 1g Im Im Im m

18.
ISZBU ft .ﬂ.3ﬂ43 m 100 cm
1 mi 11t Im

93,000,000 mi =1.5%10" cm

19.
E_S,Eﬂﬂﬂﬂ.":ﬂéaml 1hr _1 min_l',EJ m

65
hr 1 mi 11t 60 min 60s 5




M,
I1m 100 cm lin

- : =249x10 " in
1I0nm 1m 2.54cm

o3 nm-
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21.
s m 60s 60 min 1ft 1 mi

0.05015-3.00¢10

s 1min 1hr 03048 m 5,280 ft

mi
=337x107 —
hr

Motion Exercises
I.
5,280 ft 0.3048 m

of =25.1 mi - =404x10" m
1 mi 11t
=050 hr-20mi0_608 _, g00
lhr 1 min
p=?
o = vt
_:i_-fl.(:lmi‘xllﬂ*m_2 m
4 1,800 s
2.
,;,m lkm 60s ,ﬁﬂmi”_?g km
" 5 1000m 1min 1hr hr

—ea

X
I=4.25hr

km
r= 50000 —
] ] hr

o = 5.0000 -l;—m-4.25 hr=21.3 km
r

1.
1000 m 1ft 1 mi

.3 km- .
Tkm 03048 m 5,280 ft

=132 mi

.
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5.
150.0 1_11_1._5,28011'{},3{]43m_ 1km :24].4E
hr 1 mi 1ft 1000 m hr
6.
y=1500 i _LAr _, 50 Mi
hr 60 min min
d=10.0 mi
=1
d=vt
d
t=—
v
t=ﬁ%1i—=4.ﬂl}min
2.50 —
min
7.
d=30 lun-mﬂf}m=3.{]x1ﬂ3 m
t =1 hr 20.0 min = 80.0 min- ﬁ“,s =4.80x10" s
1 min
v=1?
d=vi
o4 30x10°m __m
t 480x10°s s
8.
v, =0
) =45 mi _Lhr Imin 5,280t 03048m . m
hr 60 min 60s 1mi 1ft 5
(=365
a="7
m
20.1—=0
V.=V
a=L—t=-— S 056
3 Jos 8
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l“lﬂ
d=145m

v=c=300%10° 2
s

=1

d=vt

9
£:£= 14.5m =4‘33xm_35_1ﬂ ns

Yo 300x10° 5
5

43.3 ns

v, =0
- =0.80-3.00x10° = =2.40x10° =
' 5 5

t=18 hr 6 min 45 s=64800 s + 360 s+45 5=65,205 5

a=*

2.40x10° 2o .
= S =3,680 —
¢ 65,205 s 5

v, =V
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12,

1000 m

d=896x10" km- =8.96x10" m
1 km

v=345x10° 2
5

t=17
d=vt
12 +
fziza-QGXIU ::11=2.59?x1ﬂ7 g Lmin lhr_ -lda?=3mda}'s
v 345%10° ™ 60s 60min 24 hr
s
13.
a=5556x10° 2. 1 __5556x10' 2
s 100 cm 5
t =45 ms- =45%x10" s
00 ms
v, =0
v, =1
V=V
a=-

I

\
vr=at+v‘.=[5.556xlﬂ' -Il;j(xl.leD" s]+[{] T—J=2.sxm-‘ a
: §

14.

v, =4.005x10"
5

a=2312
&

f=135s
1.-'_,:?

v, =at+y, =(23.1 2135 s]+4.uns><m" 2 -a3x10 2
’ 5 5 5
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15.

v=c=29979%10" 2
5

d=1.4965>10" km- 1000 m =1.4965x10" m
I
t=?
o =vt
- 11 .
(28 _14965X10 m o0 1810 63197 min

Y 29979%10° 2 60's
3
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Newton's Second Law Practice Problems

1.
m=1,880 kg
a=1.50 1171
o
F=%
F

a=—

b

F=ma=1,880 kg-1.50 %:2.320 N

2

1kg

m=1884g-
1000 g

=0.1884 kg

g=980 =
5
E =7

L

F, =0.1884 kg-9.80 = =1.85 N
5

3.
F=2500 N

m=144,000 mg. —& . 1K€ _ g 1441
1000 mg 1000 g

a=1
ON
L 200N 740 2
m  0.144 kg
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4.

1
a=23 )
5

[F=230,000 N
m=1
ol

g

=

230,000 N

230
5

F
m=—=
i

=1.0x10° kg

5.

1=0.0022 _rLE_IE,ZH{)ﬂ_G.SMSm_ lhr  1hr ‘lmm_]mm:l?nxmrﬂi
hr* 1 mi 1ft 60 min 60 min 60s 60s g

=22 Mg —2.—2_=-22%10" k
" Mg To00 g 8

F=ma=22x10" kg-2.732x107 2 =6.0x10~ N
5

6.
445N
F =12511b-22

=556.7 N

m
=980 -
£ &

m="7
F, =mg
F, 5567 N

18

m="r=22" " _ 568 kg
£ 980
5
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7.
m=>56.8 kg
445 N
1lb

F =179 Ib- =79.66 N

ls

t=22.00 ms- =2200%10" s
100

ms
F=1420N
m=7?
m
1250 2
-,
= S___—5,681.8 =
t 2.200%107 s 5

F
a=—
m

F 1420N

0
m=—= = 0024992 kg-]—?uk—g =2499 g
g

4 56818
5

1



9,
m=4.5kg
vl.r.{]
i in 5, 0.3048
v, =800 mi lhrl Ilmln.:u Zﬂﬂ_ﬁ' m=315?6_nl
! hr 60 min 60s 1mi 1ft 5
t =500 ms- Ls =055
1000 ms
F=?
m
3.576 — =10
W, -
gm0 s -7152 32
f 0.5s
F
a=—
i
m
F=ma=45kg 7152 —=30N
5
lﬂl
v:E,SDH.UE- 1 hr ‘lmm‘l{]ﬂﬂm:ﬁ%.‘ig
' hr 60min 60s 1km 3
(=8000s
F=45450N
v =2,750 En_ lhr. _1m1n_1ﬂ[}0m=?ﬁarg m
: hr 60min 60s 1km s
m=7
L, 76389 69444 "
g=-— L= 5 § =§.681 —
f B.000 s 5
F
a=—
M
m=E 220N 530k
i
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11.

m=166 g- léé;g =0.166 kg
g

F=0.0450 N
v, =0
t=21s

v =2

a_idwzn ';:'11_
m 0.166 kg §
‘.-'?. — ¥}

(] = —t——

t

 =at+y, =[{:,z?11 .21 s]+l’)=[}.5? =
5 5

12.

m=1.673x10" ug- 18 1K ) a0 kg

10" pug 1000 g

v. =)

v, =¢-0.0005=3.00x10"-0.0005=1.50 x10° o
5

t =455 ns-——=4.55x10" s
ns
F=%
1.50x10° —-U

v, —¥

a=—L ‘= 5 =3.30x%10" %
t 455%107 ]

F
a=—

m

F=ma=1673x10" kg-3.30x10" ——:» 52x107"" N- TR
5

e ——

1 GN

=552%10"" GN




Chapter 3

13.
i
k
m=6.548 Gg-ﬁ—g-*l—g=ﬁ.54ﬂxlﬂﬁ kg
1Gg 1000 g
v =835 _@_3,231‘} ftr{}.lil‘.}% m 1 hrt 1 min =3.732 m
: hr 1mi 1 fi a0 min 60 s 5
v, =0
£=0.288 min-—0 =17.28 5
1 min
F=?
m
_ 0-3732 —
P i 1 S =_0216 =
{ 17.28 5 5
F
a=—
i
F=ma

]4‘
y =350 1M _o035 2
s 100 cm 5
v,=185 010 __5 185 2
s 100 cm 5
1s
=220 ms =022s
ms
a=¢
b, 0185 ™-0035 T "
a=—L1—"= £ 5 =068 —
i 0.22 5 5
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15,

v.=ﬂm

i

F =ma=45,500 kg-8.59 %:3.9»:1{]’ N
s

16.

m=85g- Lkg =0.0085 kg
1000 g

a=18,500 =
5

F=?
F
a=—
iy

F=ma=0.0085 kg-18,500 = =160 N
5
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Classroom Energy Computation Examples

1.
m=1.00x10" kg

h =240 ft~£{:‘;ﬂ=?3.15m

£=9.80 -11,1
5

7 =5
EG-'r

E. =mgh=1.00x10° kg-9.80 —-73.15 m= 72,000,000 ]
3

2.
m=25g-—B_~0.025 kg
1000 g
y=s56 1 03048m _ g m
5 1ft §

1

( \
Ep=tmvi=2.0025kg| 1695 2| =360
2 2 L 5/

3.
d=75cm- =0.75m
cm
Mm=12,500 g ——B_ =125 kg
1000 g
W =2
W=Fd

E, =mg=12.5 kg-9.80 ?_—:122.5 kg
W=1225kg-075m=92]
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4,
m=12.5 kg
h=0.75m

E,=mgh=0.75m-9.80 =125 kg =92 ]
3

5.
m=12.5kg
h,=0.75m
h,=0
v,=0

v, =1

E

Ey=E,+E,—Eg,

atEx=Eg+ jEKjf

=92 ]+0-0=92]

v, mf 2:92]
\i 125kg

16
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.

m=255.8 g-l—l[}%g— =0.2558 kg
g

h =104 ﬂ-u—‘%&—m =3.1699 m

E.=?

el

I, =mgh, =0.2558 kg-9.80 —=-3.1699 m=7.95 |
5

h,=0
l*'-—-ﬂ
v, =1

E+ Eg=Eg +Ey

£, =0

Eg =0

Ey =Eg+Eyg=Eg=795]40]-0]=795]

’ =\f'3_’:'r1= 2:795] g™
"N m yo02558kg s

Energy Calculations Set 1

1.
m=131x10" kg

3048
h=177.44 ﬂ.%—mﬂmm m

i =7
Lr;“-

E, =mgh=131x10" kg-9.80 =-54.084 m = 694,000 ]
5

2.

m=2,345 kg

v=3151_1_5,280ftlﬂ.3ﬂ43mr 1hr Ilmm=]3‘358_n_1
hr 1mi 11t 60 min 60 s 5

4

E, =%mv"‘ =%-2,345 kg-(l:mss E] =230,000 ]
]

17
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3.
d=617 cm-— 2 =0.617 m
100 ¢em
m=17.5kg
W=2
F
a=—
m

E,=mg=17.5 kg-9.80 ?:1?1.5 N
W=FEd=1715N-0.617 m=106

4.
1m
h=61.7 cm- =0.617 m
100 cm
m=17.5 kg
E.=t

E, =mgh=17.5 kg-9.80 5—11:-{].61? m=106]

>

m=17.5 kg
h_f =0.617 m
h =0

: -'.-E.=_E.+E.
Kr_'E(.-|+‘Eh| —1061+ﬂl 0)J=106]

v ._} Ey _ [2:106] _121—_345 L
17.5kg

18
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v, =13.75 =
5

v, ={

h=0

h=t

E, = %mpl :.;,.n.lzz kg-(13.75 ' =11.53]

Eg+E,=Eg+Eg
E, = Eg+Ey~Eyy =0+11.53[-0=1153]
Eq =mghfr

_Eg 11.53]

y _.n—=—-—~———n_l-=9.55 m
Mg 0.122kg-9.8 &

7

m=325 g-ﬁg =0.325 kg

h =36.1m
h;=0

E, =mgh =0.325 kg-9.80 —-36.1 m=114.98 ]
5
E,+E,=E;+Ey
Ey = E,+Eg—Eo =11498] +0-0
Ey, =11498]
]

E,. =—mv’

Kf 2
o [Eg _ [r11assy_ . 0m
N m \}t}.}zskg s

19
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8.
F=735N

d=26m

Ww=2?

W=Fd=735N-26 m=19,000 ]

Energy Calculations_Set 2

445 N

F.=20-80.0 Ib- =7,120 N

h=85m
g=980 2
e
m=?
E, =mg
m=—
£

7,J20 N

m
9.80 -
&

=727 kg

1.b

F=7,120N

d=85m
W=Fd=7,120N-8.5m
W=6.0x10"]

L.
m=727 kg

g=9.80 =
5

h=85m
k. =mgh

E, =727 kg-9.80 =-8.5 m=6.0x10* ]
5

20



1.d
m=727 kg
=0

E. =1

i)

B =%mv_.' =—-727 kg-iﬁ =0 ]

1
2
Eq =6.0x10" ]
E =0
Ep =2
E.+E,= En_l, +E,;

Ey = E, +Eg — By =60x10" J40-0=6.0x10"]

Chaprer 4

l.e.

m=727 kg

Ey =6.0x10" ]
v, =1t

1
E!'-'j = Emv__,-z

2By 2:60x10'] _ . m
V"'_\] m 727 kg 5
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la.
4,45 N

F,=3,1931b- =14,209 N
m=7¢
E, =mg

m=—=
4
14,209 N
m=—

— 1,450 kg
9.80 -5;

h=16 m

E, =mgh=1,450 kg-9.80 =-16 m = 227,360 ]
=
E, =230,000 ]

..

E, =1

E; +E =Eg+Ey

E,=E; +E,-E,

Ey, = 230,000 J+0-0=230,000]

24.
Eg, =230,000]
m=1,450 kg

v, =1

2E .
Ur: Kf - 2 23[}‘[’“”]:132‘{
: '11 m 1,450 kg 5

Energy Calculations Set 3

l.a.

£ =2705 b +45N

=12037 N

d=185 cm-— _=185m
100 cm

W=Fd=12037 N-1.85 m=223]

22



1.h
F =12037 N
h=1.85m

m
=480 —
£ &
m=7?
F,=mg

£

m=120'3?mw=12.23kg
980

E.=?

G

E, =mgh=12.28kg-9.80 =1.85 m =223
5

Chapter 4

l.c.

m=1228 kg
m
g =9.80 ?"

h=0m
E,=?

E.=mgh=1228kg-9.80 =0 m=0]
5

1.d.
E, =2227]

E, =0]

E, =0]

By =1
Eg+Ey=E; +Ey

Eyy=Eq+E,~E; =2227]+0-0=223]
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1l.e.

L‘g=222.?]

m=12.28 kg

v.=1
2E, .

= [F2RTT_ gy m
m 1228 kg s

2"-

X 8
d=197 &-D—ET‘L—“% 60.05 m

m=6.016x10" kg

E =mg=6016x10° kg-9.80 = =5896x10" N
5
W=?

W=F d=5896x10" N-60.05 m
W =3.54x10" ]

EN
m=5,122 kg
h=250m

=7
v, =1

E,, =mgh =5,122 kg-9.80 =250 m=1.2549x10° ]
=

E, =E,, =12549%10° ]

EEKF 2']25492{1Uh ] m
V= - = =221 —
m 5,122 kg §

4.a.
445N
1lb
165cm  Im
1 step 100 cm

F,=104.6 Ib- =4.6547x10° N

d=13 steps- =2.145m

w=?
W=Fd=4.6547x10" N-2,145 m =998 |
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