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Chapter 1

1.1 75.17 cm/sec at 3.81° above the horizontal

1.3 (a) 1.44ft/sec?, (b) 102.3 mph.

15 v=Fkl—-ebt+1)],a=a0+& [e(t+2)+t—2]
1.7 t = 0.1 sec.

111 5609 m.
113 157m

115  0.21

119 (a) (22, 2) (1) 2oy = 0, Yom = o= 5%, (c) (16.77,8).
121 Ren = (3R, 2R, 3R).

123 22

125  21.37°

1.27 5mg.

1.29 (a) 1.7 mph (b) 2.4 mph.

1.31 3520 watt.

1.33 4.3 m/s.

1.35 v; /vy = 0.89; the streetcars will run about 10 percent faster.

Chapter 2

21  6m/s.
2.3 (a)U:H”Tf’i)t)t,x:wo+%[ln(l+kvot)] (b) As t — o0, v — 0.
25 v=\/v, + v, = [(¢°2%/2y9) + (2y9)]"/%,
0 = tan~!(vo, /vo,) = tan~!(2y/x).
2.7 455 km.
2.9 (a)7 = 2w/ (b) a=9.81 m/s, v = 7.91 x 10® m/s, 7 = 84.4 min.
211 Ar/r=3(Ar/r).
219 v =4sinff + (4 —4cos6) B, a = (32cosf — 16)F+32sin #6.



221 #(i — 370" — 3r00) + B(rb + 370 + 370 — r0°).
2.25 0.996 m/s.
2.27 2+%zcos¢+%\/§
2.29 x=acosw(t —71)cosQt — T2),
y=—acosw(t —71)sinQ(t — 72),
z=asinw(t —71).
2.31 r2=p?+2260=tan"! L.¢p=¢;p=rsind, ¢ = ¢,z =rcosd.
2.33 (a) An inward spiral. (b)y/b% + (akt — bkt2)2.

Chapter 3
3.1 —wAsinwt, —w? A cos wt.
33  8x10*N.
M, M
3.5 SRR
3.7 (a)a = —gpie, T =2 m0eg (b) g(my —ms)/(my +ma — I/R?).

311  T/Ty = (7 x 106)%001/2 = 1,0079. Periods differ by about 0.8%;
could be detetected easily.

3.13 (a) (1)Book/Earth (gravitational); Book/Table (electrostatic); Ta-
ble/Surface (electrostatic); Table/Earth(gravitational) (2)Rocket/Earth (grav-
itational); Rocket/Plume (molecular collisions - fundamentally electrostatic),
Plume/Atmosphere (molecular collisions) (3) Donkey/Road (friction); Donkey/Cart
(mechanical). (b) Unbalanced force on inner wall opposite to nozzle. (c¢) Road
on donkey’s hooves.

315 5L/6,5L/6.

317 (=Lt g— Fm fmiﬂtfln(lfit)],

mo 1—(kt/mg)’ K2 mo
(b)%mioﬁ2 +--
319 Thor = 2156 NiTiiq = 2207 NiT,, = 2259 N;
Equation: T'(x) = g(220 4 7z).
321 358 m/s.
3.25 32.67 m/s, 77.33 m.
3.27 v(t) = —t1n(e7tvo + Ay)
3.29 v(t) = \/mg/btanh \/gb/mt,
x(t) = 5 log cosh y/gb/mt = 7' log
3.31 (a) vpr = \/mg/D7
b) h = (m/2D)In [(v3 + v3) /v3],
¢) vg = vy /\/ Vg + V.
333 (a) 2L.8 m?, (b) 0.35 s.
3.35 (a) 55.87 m/s.

You= ’UT\/l — exp(—2gz/v3.).

(

(
337 y= M (t+ ( —bt/m 1))
339 (a
3.41 1.67 m/s.

3.43 Vagn?/8GM.

eVob/mt  —/ab/mt
5 .

—_~~

SR



345 (W)a(t) = B+ (&) eV

(b)vg = f\/%xo.

3.47 1.26X10% s ~ 42 min.

Chapter 4

41 L=1lma2’ + %ma%)z sin?  — mga cos 6.

43 L=imz?— 3kz* - 3C.

4.5 Equations of motion: (M +m)i + Mlfcosd — M)’ sinf = 0
MI20 + Ml cos @ + mgl sin = 0.

Constant of the motion: (M + m)i + M0 cos 6.

4.7 5= 17[m/(zlir}\f;)] o g and X = — (17[m/(sz§\?)] COSQQ> cos .
4.9 L= (%M—l—?)m) §° 4+ (M + 4m)gssin a.
4.11 (a) L= (M+m)X2+mecosa—|— ims? + mgssina — $ks?.
(b) px (m+M)X+mscosa ps—mXcosoz—l—ms
(c) (m —l—M)X—l—mscosoz—O mX cos o +ms —mgsina + ks = 0.
4.13 (a) L =mi*+ mg(l —z) — 1k(d — z)2.
(b) 2m :c—i—kx:kd—mgorQTmfé:—x—C.

415  ay/1+ ¢*sin?0.

4.17 y==22cvVr —c2+d
419 D=y /112
4.21 —43[934—314—91}
: 2m | Ox2 dy? 922 |
4.23 H= 27’:&2 —mglcost,pg = —mglsinb,d = Py
Chapter 5
5.1 49.5 J.
5.3 2kR2.
5.5 (a) b3, =1 A h3, =12 h3, =0 h3, =0
(b) ds = rdr—!—@rdﬂ da = rdrd®.
a(sinh? u cos? v + (3osh2 usin? v)1/2 0
5.7 0 a(cosh? usin? v + sinh® u cos? v)/2
0 0

ds = a(sinh? u cos? v + cosh? usin® v)'/2dué, .
+a(cosh? usin® v 4 sinh? u cos? v)/2dvé, + dzk.
5.9 V=g, (1/a [cosh2 nsin? 0 + sinh? ) cos? 9] 1/2) a%
+&p (l/a [Sinh2 ncos? 0 + cosh? nsin? 9] 1/2) %
+8& (1/@ [2 sinh? 7 sin? 0] 1/2) %.
511  37R%.

o



515 (a) VTia3 = —2(1+j+k) = —3.46 K/m.

(¢) The rate of temperature decrease is getting larger the further
we move from the origin.

%
5T o = |2 {2959 (1 - L) aty =0,
519  609N.
5.21 1.99 x 102 kg.

5.23 h=GMm _ R,

BT
iz+y+kz

527 (a) F= —Agttite
b) W= A//aT+ 47 + 2,
(c) F=—A%.
QiQ21 _ @Qi1Q2 1

5.29 4711'502 T 4711'502 o "

531  —Gmume

533 (b) 424 m/s, (c) +5.77, and z = —2.77 m.
5.35  a(t) = vor/ 7 sin /5t y(t) = voy /T sin /2t

Chapter 6

6.1 (a) 5m/s (b ) 45 m/s.
6.3 v = LM

m
4/3

3/4
+ 4] where k= g and K = m/r"

(b) F = 5o 1/ (mg/* + ot )|

6.7 (a) v= vomo/ [m

69  cos ! {(’”M) (0.13) —

mayt+mw
6.11 kmV.
6.15  v(t)=—gt + 2% In 20
6.17 15 kg/s, 16.2 kg/s.
6.19 t =660 s =11 m.
6.21 8.70 times the height from which it was dropped.
6.23 /12 m/s., 30°.
6.25 25 km/s.

Chapter 7

7.1 (b) Total torque is zero so angular momentum is constant.
(¢c) Particles have the same linear momentum, so angular momen-
tum is independent of the choice of origin.
7.5 (1/2)v0xFet22.
7.7 d = Dk
7.9 51 x 104 rad/s.
713 SM(R3+RY).




715 2MR2

717 Number of turns = w31+/p2 + 1/4raumg,t = (1 +V2) % V,ZZH
7.19 ()W = 4mg, (b) wy = \/w? + gd/a?, (c) F = img.

7.21 (a) w=0.09v/I. (b )w—%%

Chapter 8

8.1 Energy.
8.3 Yes.

Chapter 9

9.1 1.03 x 105 m/s.

3
9.3 \/Gjp
95 —M[L-VZTR -\ Z-LP+ R
2G m
9.7 Am
9.9 —2Gprt.
9.11  Outside ® = —GM g — GMp
- r _ _GM |3 r?
Inside g = ~GM 758, = — =5~ [ﬁ_ﬁ}'
9.13  (a) &= [-Gredd — _GM _ __GM_
(b) @ = G*M[*irz(l + 5 sin 9)]
9.15 84 min.
9.17 (a) For sphere outside and inside, g = (ijzw,g = *%1\34 T

(b)For shell outside and inside, g = — <42, 0.
9.19 g =2nGo (towards plane).

9.21 i’:f; For the second field, the mass density p is a delta function,

zero everywhere except at the origin.

Chapter 10
10.1
n r(A) E(eV)
1 0.53 -13.60
2 213 -3.40
3 476 -1.51
4 847  -0.85
10.5 AT = 3(27rGM) 2/375/317 AV.
10.7 (a) rll = m1+m2r 1'2 +m1r:tlm2 !
(b)L = 2(m12+ mg)R? 4 Jume 2 4 qrume,
(c) pi* — prf” + G™52 =0, (;if (,urzﬂ) =0.
(d) 7 — g = —Glmtma),

w2r



2 _ 4r? 3
(G)T —ma.

10.9 (a) r = (a/2)(1 + cos @), (b) 37/8y/3ma®/2K.
10.13 1300 km.
10.21 €= (Umax - Umin) / (vmin + Umax) .

Chapter 11

1.1 b2 /4m =k.

113 k=343 x 10°N/m, b = 3.1 x 103 kg/s.

115 t<v0.6/(/ £ — &

11.7 Yoo + vg = 0.

11.11 z(t) = (w0 + A[— (w§ — w?) + [7.4 (w§ — w?) — A (w2b/m)] t]) et
+A [(wd — w?) coswat + (wab/m) sinwgt].

1113 z(t) = Ae " cos (wit +0) + 22 (1 — e~ ).

4a?
11.15 W=,/ klutms
mimsa

11.19 Normal mode frequencies: w = =4,/ ™tma R, — 4 fmodms [k
ms my ms3 m2

Chapter 12

f

i

121 Work = 116°[ = AT,

9 40,
12.3 = sin 2

12.5 (a) L= §m1292 — mlAOf sin O sin ft + mA%f2 sin? ft
—mg(—lcos8 + Acos ft).
b) 6 = [A—JCQ cos ft + ﬂ sin 6.

) w= \/Af cos ft + .
12,7 (a) 2.85 s, (b) 2.02 m.

12.9 1.73r.
12.11 T = 2mw/m/2k.

4k Omax
1213 5 F (sin )
12.15 4.08 rad/sec.
12.17 T = 2 3mgcos@ cos™! (32721) .

2

12.19 H = 2 rnl2 + 2ml2 sm20 + mgl cos ¢ qu =0 ¢ ml22€id;120'
Chapter 13

133 a=a"+2(Q+w)xv” 4+ 2wx (@ x1") fwx (W xTE).
135 deons = 0, @00 = —2Y2R.
137 d=20sin ) /2h [502cos? A +1] = 0.79 em.

13.9 3.5 km South and 3.5 km East of the expected target. It is in flight
2.3 seconds longer than expected.




13.11 76.7 km/hr.

13.13 32 m.

13.15 3.3 x 1073 rad. ,
1317 (a) 20w, (b) 20w#, () 0, (d) dy = —2 2%
13.19  28.8 m (North). ’

13.21 (a) wo = 1/ £ ,(b) r(t) = a+ ngycos(2w,t).
Chapter 14

141  tana = i(tan6 —tang), T = [mg/ (sin@ + cos 0 tan ¢)] ,
Ty = [mg/ (sin @ + cos f tan ¢)] <=8

cos ¢’
14.3 71.8°.
14.7 1.67 Mg at a point 0.86/ along the rod. § = —13.87°.
14.9 (a) CW rotation and linear acceleration along the x axis.
(b) —10 newtons acting at a distance y = 1.866 m from z axis.
1415 1oy = [(a/2)2 +12]%" jy2/2.
14.17 7.85 m.
1419 9.77 x 1073 K/m.
Chapter 15
15.5 The rotation has a magnitude of 53.27°. The axis of rotation is in
the equatorial plane and directed at an angle of 119°47" —90° west of Greenwich.
1\ [ -3/VE5\ [ -3/ViA
15.7 0|, 5/v3 |, —2/Vi4
3 1/4/35 1/V/14

15.9 (a) A reflection through the z-axis. (b) A rotation of 180° about
the z-axis.
15.11 A=3and A = -1

(2/\/5>’< 2//5 ),(2/\/5 2/V5 >

1/V5 -1/v5 1/V5 —-1/V5
Chapter 16
16.3 5Ma?,5Ma?,8Ma?,
1/v/2 ~1 —1/V2
vz .1 V2
0 0 0

. . . . 2
169 T=1ir [92 + & sin? 9} + 1 (w + deos 9) ,
L= (Iﬁﬁsin@sind;) é1+(11g2)sin0cos1/)) é2+(13 (¢ + ciScos 9)) és.
16.11 (a) pyp = I3 cos w3, py = Izws,
’ I2w2(cos 0 —cos 6)? 1 2
VI(0) = 2=y +mgdcos O + 5 Iws,
E =mgdcosf + 3 I3w3.



(b) cos by = = [1 — (1 —4acosb; + 4042)1/2} .
16.13 ¢ =2.18 rad/s.

Chapter 17
17.3 y(x,t) = Asit; T cos Fép%t.
17.5 y(z,t) ~ — £ + 3 oF o= (—1)" cos 22 cosw,,t where
W, —mrc/L
177 (a) ¥ +bdat — F 2 5] 0.
(b) po,, +bo,, + [Fm2n?/L?] ¢,, = 0.
(c) ¢, = € V/2P(A,, sinw! t+B,, cosw!, t) where w!, = mzfg - %.

179 (a) Qn“i’ﬂ-ijb n?Q, = 0(b) Q, = A, cos / %ntJan sin ﬁnt.

Chapter 18

18.1 Assume z; and xo are measured in opposite directions from the
equilibrium points. Mass matrix is m < (1) (1) ) and the potential matrix is
2 1
k ( 2 ) .
2.62 1 1
2% 1) — 1 1 _1
183w m{ 0.38 P VI.38am ( —0.62 >’p V3.62m ( 1.62 >
185 & ok 3k
187 (a) L= gm(i +1i)3) — kn + knyny — kns3,
i+ 25771 %772 =0,
iy + 2,”772 %771 =0.

18.9 n, (t) = C1 cos(wit + @) + Ca cos(wat + ¢y) + K1 sinwt,
N9(t) = C1 cos(wit + ¢1) — Ca cos(wat + ¢y) + Ko sinwt.

_f m+M -M
18.11 M= M erM)

N . m 2 2
18.13 (a) L = %mZi:1 7712 zlg i=1 m—*kz [( 771‘71) + (nm - m-) } )
(b) mnz + "lbgni + anl k (771+1 + 771 1) - 0
(c) w? =2 + 4k sin? ko,

Chapter 19

191 (a)2*=2175m,t*=125ns. (b) z*=1.74m, t* =7x 107" s
19.5 (a) o* = —1.73 x 10® m, t* = 2.87 sec.



19.9

19.11
19.13
19.15
19.17

19.19

19.21
19.23
19.25
19.27

(b) z* = 8.66 x 108 m, t* = 4.04 s.

w

)
c.
.8c.
4 cm.

a) 0.83c (b) 5.53us.

b)f = 0.151 (c) 9.64°.

(d) The same amount of light is concentrated into a smaller cone.

v = %c =0.707¢c, T = 0.414mqc>.

T=135x10"2J, p=4.99 x 1072° kg m/s.

(a) pr = 1.33mgc, (b)vy = 0.553c¢, (c) classically, vy = 0.4c.
2.31 x 10719 g.

Fractional change in area = 0.6.
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