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PREFACE

This solution manual contains detailed solutions for 562 of the 1596 problems
in the 6th Ed, of University Physics. The problems to be included were not
chosen at random, but rather have been carefully selected so as to include at
least one representative example of each problem type. This solution manual
greatly expands the set of worked-out examples that go with the presentation
of the physics laws and concepts in the text, The remaining 1034 problems
constitute an ample set of Rrobléhs for the students to tackle on their own.

This manual is intended to serve a purpose different from that of a study
guide, A primary function of the Wwanual is to provide the student with
models to follow in working physics problems. The problems are worked out
in the manual in the manner and style in which the students should carry out

their own solutions.

The author will gratefully receive comments as to style, points of physics,
errors, or anything else relating to the manual.

I wish to thank Professor Hugh Young for help in various stages of the prep-
aration of the manual. And I want to thank my wife Linda and children Ben
and Jason for their patience and support during the many hours spent in pre-

paring this manual,

Texas A and M University s Lo Fla
November 1981
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CHAPTER 1

Problems 2, 3,10, 14, 21, 26, 27, 30, 34, 39, 40

-2
To converk units \Mu\+i\>\\1 ‘01 a Seackion In whidh Fle wuwevator and
denowinator ave equal, but which changes the waits b the degired ones
| ® cm 3
\q-cm™3 = (\g-cn"'\LT‘;’q}(ﬂ—-“‘ = 1000kg-w"3
1-3

. 5280 £4\( \
a) 60mishe™ = KBOW.\A-"\\ ™ \)3‘2'3‘05 = 88 f4+.5".

\D 100 Kw-be™' = \\Ookﬁo}((%(‘lo;)(B%SA) = 27, 8wmes!,

\-\0 .
v e, ; \in 3
2.0 \ivers = (2.0 l%s\&%\( 1.5'-(:./(3 = 2% in>
(The answer shoud e expressed s 120 in> 4o show only two S;gh;{;CAA"" ;iawzs,
; since 2,0 liters has ov\\s{ two 5E3v\(“:iud ‘cisurls.)
“"q’ —
Choose e x-axis +o be in +he direchion of A
\/A AX—»I\ Bx'— B wso
—E’Y {\\1:0 BY'. Bsine
R R=R+%
e
A Ry = Ay+ By = A+ Bcoso

> R= ’Q-; t R; & /(A-{.B u.se)tq. (B.{mﬂ)t
R=R+1R3059+%"u6"9 W50 = JKL.-Q'IABUSB +~B",as desired.




B, = B ws37°= (20N} (0.799) = 16.0N
By = Bsin37°=(20N) (0.602) =\2.0N
B — (i‘; s m e positive X-divechion 50 Bx s posrtive ;

]
By @1 18w e pos\-\'wc \{-Mvw&m\, $0 BY s Pos.}'...e.)

Ax:—f-\'-‘—"lN &K is in the v\lsa-l-}ve x-A]nc&-;on.)
‘\‘ =0

—p
AY8 > (=7 +8y = -TN+leN =9.0N
c\l=AY+G\'=o+\1N= \1.0N

c=lct x(¢ = [@om)’ *+(10N = 150N

Yo © = _('E!'_ = J—}fgﬁ“—: .33 2> 0= 53.1° (above the ¥-axis)

-8 > Dy = Ay- By =-TN-16N = -23.0N
. Y, Oy= Ay-8 =0-1aN = - 2.ON

ol
\
b2

——= X b:,\): xby = Jeaz o) + (<120 = 259N

o - .ON . |
\;:\ ) ;:gN = 0521 = §=27.6° (below -\'\\e. “!"m.‘e X -axis)

W T ——> = -
4s® 31: R ' e dem, By=0
[

_5 - ———— '\'M\9=

'€1 %ng c0oS 45’ = A.%3 kW\
Y= DV, By= -Bsin 45% -2 33km
a —_ — - -
= ARV ; € s He unknown third dise\&czhtnf.
e
= C = R-A—B Cx‘: QX-AX _Bx = 5kw\ =2Akm _1-‘3k*:"'0.l-’ kK
= \2.. -A‘-sz 0 -0-(-A%3kw) = + A 83 km
]
z o =G v =0 ™ Gsakt = 28km
Y
0 C o.l -y
L e s 20y
C‘X X (Ea.s{— of Nbr*k‘)




1 -
o M M*: M ws364° = (5em)(0.900) = 4.C0 ..
M, .
263’ M. = Msin3b68°= (8cm)(0,600) = 3,00 cm
I !
.

Ru= R ©0$53.1°=(5em)(0.600)=3.00cm
Ry= R sin §3.1° = (Scw) (0.300) = 4. 00 cw

R-M Nz R-My = 3.00cm= 4.00cm = =100 cm
N‘= k‘- MY= K.00cm -3.00¢m = |.00em

szle ¥ N: = fk-l-OOLw\\lﬁ-K\‘OOCW\t = lLU4lem
Ny| 00em -
* = \ Y - \. - -
““9 \NK\ = \‘OO‘M = \-00'# 9—"'5 . .
(abovwe ¥he weqative X-axis)
(Ox\ ?\7 s ax U5°+90°=135° countecclockwise Srom Hhe + X-axiS.)

1-30

R=at+33 | T=T-ap

A Ay=2 ) Ry=3 = h=/A0 A =ﬁ=\‘+m" = 3.6]
Bzl By=el 5 g RUwey 20T = 20

D C=R+%
Cox NrBy = 24123 o P2 374y
=A~1‘\'%1= 3"1‘-‘-\

O Y ____ ra = .
?\t/'; (,—.‘/C':*(.:“ "'-»Ik's\m‘\’\i\t =3.1b

‘ < T Yanb = 'Sc“’= 37033 > 0=19.4° (above *he + x-axis)
dH T=R-B
= Ay- B, = Arl= > .
bt alaes ¥ DoIrsT
o V___. iy T
5| v-n+:, JO et = 500
3 >—y *““9=—D1;—= 3-8 0= 78.7° (above twe + x-avis)




Lex t\Me wordimate avis ?olv\* along edges of +he cule, 05 sketched.
A 1) Twen Yhwe diagona\ Srom e cube urkx ax +\Ae origin of wordinates
1l 15w Yhe Awu\-\on of e vecror X =TaT k.
- % Owe of the vectors alomq an edge s e =C.
d-c =decosB

)

rA=Ja.d = ,/ft.‘\"; AX) e lL-\-J +k) = ./H-\H = J3.
e:le'é. —J g ""\. )

Bk a\so I.?,-_ [_'C\.'S’*T(\ .? =\, &S'mu t‘?:\‘ ?.f:?.?:o.)
o - é. \
. o
'Y\\erei—om‘ wsH = 'LXE‘= 3 2 0-54.7

The Hdiagqona\ of & Cu.e | for Qxau\'l! of e face in the - -y plane, is in the
liteckion  of Yhe vector A’

L‘\'J
Y. 2:&'0. cose
N=[&.Z 'L"«’-" (2« = Qv =J2 .,
Bt also &€ = (BxT)-T =

1-39
Q . TxT = -TxC =X 'Ex?=3’x3‘=i'x?=o
X 'tx?‘: -VXL-. =—3’
y TXK=-X8 =7
™ —»
L )
X
- » > -
Then, TxITxP) = Txk = -7,

Rt (BxT)XT =0, since TxC=0.
Thus Tx l?x‘\\ does wot eguu\ \'CXQXJ (The repeated vector oroduct is wot
ass Ociative.)

b Tn general, RX (BXC) s net ,eq,u.&\ lm\Kx'i)xZ.



-
= B‘? *‘By:\.ﬁ'gi?

-

=CxL

N o F

—
*(_13’-\-(.1'(

Teom E& \\-lﬁ\’ ‘g XZ = ( B‘{(i—gl (1\?*(%«1(1-%X(’i\3’ ‘\'(Bx(1 ’BY Cx)r;
Thewn,

R @xT) = Ny ®y G-By () £ Ay (B G -9y G) + Ag (By¢y -8y () ,
= (AY ®, ‘K}_'ﬁy\ C '\—U\{Bx ’Ax%ﬂ(-, + (AXB\I "Ay 8x) G &B\‘ Tegronping kr"‘)
‘\v\&\ -
RA® = (RGBa -ABy) T (Ay 8y -y B2)7 + (A 8y -A 8, ) K
(R@®)C = (A B3 -AeBy)(y & (AuBy —A(By) G+ (RyBy-RyBy) ¢

T\is vesu\y Lor (‘?\Xg\’z s dentical Yo ok decived above for K' (EYZ\‘
$0 we Wave shown Miat K(fx?\ = (i\’xg)-z

/

o



CHAPTER 2

Problems 5, 6, 7, 9, 14, 18, 19, 20,

23,26, 28, 31, 32, 35

1‘5 Y . d =3 Y
Y - F1 s _ Y
> —» (3 f ) 45 >
e EY 0° \'1 ! Lo F,Y
>— X = — X < -F X X
’ E 3X =
{ o R
F\x = 200N P = Fycos 60°:(3wN)(0.!D Fyc= -Fyasts® ‘:NX:D
Fl‘ = O le= ISON F3‘1'(l00“3l0-1o1)=_70:,u F ‘—:OON
Fay = Fusin 60" (300N)(0.56¢) Fay = Fysintts’ “y
Foy= 260N Fyy = (100N (0.707)=70.7N
—v‘ g . B ] y -
R= F +F 4+ R Fy - — —_ _.R
-‘-2\ /[
- — Y l
Ry = Fu+ v By v, >
R, = 200N +\SON -7IN+0 = AN l E‘ X
Ry= By +Fy v Fyy 4 Fyy R=/R+R) = /ia7an*+ (3iM™ = 308N
Ry= O+16ON+TIN -200N = \3IN Ry _ \3IN
tonD = —:: W: 0.470 = P=125.2°
2 -b
N “ﬁ Y Y >
"">E L 1#—5 _» N - 60' F\ Y
W i Ry % '
i 300 |" |
S ] 6o =] X
N !
p\x X ?Ix ?
a
Rx"‘RS‘“3°'=‘(‘OOON)(O-Q:-SOON Fy=F @5 60" =k400N)(0,5) = AooN Fix =0
Ry= Rws30'= (1000N) (0.3¢6) = 266N Fiy= Fisineoz (400N)(0.968) 234N F =-200N
-» Y — — —
il F3x " R= Fl-\r\—:i-\—FJ\-q
53| » = > 2 5
&30 F3Y = q= R—\-‘_ -3
> W7 _ -y
Fg\ 1 .

Py = - Fysins3°< - (40oN) (0.199) = -320N

Fay= - by s 83°= - (400N} (0.602) = - 2WIN

Fx= Ry ~Fix= Fag - Foy = ~500N 200N 0~ (-320N)
qu = —;gON ( Wegt)

Fw = (l\' -Ey-Fq_F,,—_ s‘bN-z%N-L-zooN\-(-mu)
Fq‘ = 96l N (Noﬂ*}



Y v v
- 4
% : =g
60. J ‘—"‘ LN
i X 530 (48 X
\—_: > |
X FM N\l
g 53 1=
e s ooy 2O O FL
Fx = F, cos 60" = (88 (0, 5) = 14.00N Fax = Fy 0553°=(5M)(0.60) = 3,00¥
By = F sin 60" =(IN) (0.966) = 6.93N Fiy = ~ Frsin63°= -(5M(0.90) = - 4,00
o) g-= ? t F b R=JR+ R}
Ry = Fy +Fy, =4.00N +3.00N=7.00N
Ry= Fyr Foy = 643N -4 00N = 1.93N R=/{7.oo~)’+ (1a3M* =7.59N

-

o R F-T

Ry= ¥y - Fay = 4.00N -3.00N= [.OON
Ry= Fy- Fy= 643¥ - (-4.000) = 10.93N

R = /R k(’:{

R = /(\.oom‘f (10.a3M™ = LON

—I-‘r‘ Yhe crote 15 4o wmove 1w Ae Yosd-wc. ¥-divechon, then R F +F \'F
wmust be in e x-diveckion, = R =0. (F is e force \'Lc. Loy
exerks,)) -
R‘[: F.Y‘\' F,_., \-F“
= R, =F, sineo’ - F, 5sin30"+ G, =0
Fiy = Fisin 30" sin60°= (30N)(0.5) - ( (00N) (0.%66)

By = YON-96.6N= -Y4b,6N

—
k= Eix +F,., ,FJ-,/ ,,

For ’c\-e smallest ;) take F“ =0=$ F = \F“\ = 46.6N.

The \ooy should a"\\' a force of 4b.6N n e negative y. direction,




-

Ta Constamt speed 2 ¥e systewm \sin eq,u;\t.\niuw\.
2 T.T =0 for Yhe forces on any part of the system,
g The tnsion 1w Mee vope i3 everywhere tee same (?.‘.'LW)) and s equal to F,

. -
The secret 4o solving Wis prodem s 4o apply TLF =0 4o single,
| specific objects,

= u0ON
Consider Lirst Yue anging olgyect. Next cowmsider forces on Finally, wwsider
Draw & 'Fue-\oob’ force &'mgmw\, select Yhe lower 9&\\C1'an1 Avaw ‘\)kt wpper ?w\\q
I\ u;raqw a;ds system) and apply ; & Sree-lbody diagram forit, \
k=0, Ik =0 F ey
T, ,\{ Y L; i,F\‘:O Q LX
AT, AF-T,=0 F F
X . ‘—W:O T F'—“—T\/a- i\FY:O
W T, =w=Y400oN v F - 4ooN [2=200N T-2.F=0
T-72F= 400NV

2-\%

- Y
Consiher Yhae Govees on e wan. . T/ ‘
X
w=00N

Before agqlying he equilibrium  ondibions 22F, =0 and Lk 70, must resolve Tand T
ko v and v Components.

T - T A = T/
‘ : ?1 & L ‘I 1 ZFX=OT>T’0069—TU>69 =0.
:, ) 5 | : T’:T}
STcose ! T’cos® ks expected Erom symwmetry
W=g00N 2L F=0=> AT sinb-W=0
——
T= Zsme |
S0ON __ _ _§0ON __ _
Q) 0:=18" > T-— e - a0.28q)  LS4ON
b T=20,000N> o="7
: W . _$00 _ .
Tz 280 > sinf = 3¢ = ﬂﬁm) =0.0X=> 6= |5



S5wm
smB= v =0.L=> b6:=1.5°

The known force of 300N is agplied Yo the middle of He rope | so fingt consider
the forces on the widpoint of the rope.

v 2 F;=O = T'cosB -Tosbd = 0.
X T2 T, as expected fom symmetry,
300N
2. %=0=> 300N -ATsin€ =0
AT sinD = 300N

- 300N_ _ 300N _
T alsin®) ~ 2 (04) 150N

Forward mu?ovwn‘\' O‘(’ '\4\( nsion force on \Jy.g car %
The force \oc'ms asked for s Twsei e y-component ot T

T cosB = (7150N) (s I1.5°) = (750#) (0.9%0) = 735N

2-20 :
®) The known force in the problem is the weight of Yhe suspended object T
wmakes sense Yherefore to consider fiest Yhe forces on Vhe suspenked object,
T

c
\* nh=0=> T -w=0
X T.=W=200N

w:‘XOON

Next consider Yhe forces owthe Knot where Hthe Haree fopes meet:

! T 620> [Tg cosus® —vp cos30® =0
ngco = Ta $M30° L Tgsin4s*—T_=0

Te= 2L0oON ——ﬂiﬁ 5in30°% Ty sintts°® = 10@

TC
We wow have A eqs, ki\Fxf-ON\&f-‘:Y '—0) and. Fwo UwKknowns (7; awd Tg), Solve one eq.
for ome uwknown \n Aerws of “\to’e\\vl and substitute inko the second eq.

9



1-20 ( Cont. \ ( 0s30°

TBCN“S *T& C0.$30° —O % TB— TA Cosqsl
Suwbstirute thisinto the 1K =0 4. 2 T, (sin30%+ws30%) = 200N
200N -
T\ Sin30°+0s30° M
Then To= TW23%7) = 1en (<55 =1man.

b)
Torces on the suspended olyect:
Te
L L H=0 = T.-w=0
w= 100N Te=w= bioh

Forces on Hhe Woivk whase ‘\‘\\( Jroges are Joined s

Z.f=0=> Tgsun 4s=T.=0

s:n'{S' = JBQ’?OM'T - 1—-‘85 N

ZF =0 Tgwsus®-Ty =0
To =Tg costs°=(283N)(0.707) = 200N

N
c) : ;
Forces on the suspended object:
TG
1'\__. Zif=0 » T-W=0
w 200N X Te= W= J\OON
Tovees on e Wnot where \‘Lt voes are :‘oind'.
~—gne 1 LH =0 Tysin4s°—T, wse0’-T.=0
X T =X00N = E‘-g ;in‘-fS .—Tﬁ(JJ 60°= 1001[
Taws 4s* Zst =0 > Ts os gg','ta Sin60° =0
i $in60°
T To= Th asws‘)
A 3

T‘_ s "UJC. ‘“\-\S'm -\x\e ZFY:—'O%'
=Tp M>sinqs°-TA\ usbo'.:z_'aol\/
wsys’® %o .
: SW\HS ~cos48§® > Talsineo®- usbo’) = A00NV

Taz 2224 = SY6N

Sin60°- D S60°

Andy Ty = Ta i‘.l‘f."so‘@%m(%?.‘,?) 6eIN

10



