Chapter 2 /9 Problem Answers (assigned)

(24) v, =[13.2m/s (25) R=>12.5km
(2.11) Answer given in text. (2.15) Answer given in text.

(2.25a) F,, =mg (“2_;] (b) F, =mg [Z—FZH%—ZJ (€) Vyo :\/Zg(h—R(l—llx/E))

(d) x:(\/z—l)R+h+\/h2 ~3R? +42R?
(e) y(x) describes the shape of the track since U (x) = mgy(x)

2.27) W =[0.1764J
(2.32) Hsin{liﬂK 3+ 4 }

2(1+ ,uli)

(2.34a) y:ﬂ[v+mln(1—a—vﬂ (b) y:ﬂln(l— 'BVZJ
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(2.37) F(x)=

(2.398) v =%In{%+eﬂ%} (b) t :ﬂﬂ(l—e"’%) (©) x :ﬂ[l_e—ﬁvo {Vo +iﬂ
Q,
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(2.52a) F(x) = 4aU2°X {1-%} (b) stable at x = 0 ; unstable at x =+a
2 2 et _g
© o= @v= (©) x=a S
g Vme® 11

(2.54a) v={980m/s (b) v=[679.7m/s

©954) M _[e?
m
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(9.60) t=[24.95] (9.63a) h = (b) h=[598km]



Chapter 3 Answers

(22)

(42)

(6)
(7)
(12)
(18)

(28)
(39)
(45)

B =0.0693s (b) v,—v,=38x10°Hz  (c) &’* =1.007
ma? A ma? A?
<T >time = Z_ = <U >time (b) <T >space = :; = 2<U >space
= k U= MM, {called the reduced mass}
U m, +m,

Answer given in question.
O(t) =6, (1+w,)e™™ {critically damped motion}

Etotal = % mwg A2 ; Eloss/cycle = —27Z'm,B(00 A2
F(t) = 4sin(wt) + 5-sin(Bat) + z-sin(5at) + ...

F(t) =+ Lsin(et) +%Z(1_inz )cos(Zna)t)
Q=187

n=1



Chapter 5 Answers

C .
2 r)= : C IS a constant
(2) p(r) Zy—
-GM L/2++/2/4+R?
(7) ®(R) = In
L _L/2++/12/4+R?

(13) E_ —47zGm

[(pl_pz)Rig"'szog}F
(15) t =5069s (84.5min)
(16) F =27zp,Gm j

3GM_ R?

17) h=
(17) 2D’

(18) Answer in question; Pgon =22

sun



Chapter 6 Answers

(2) y=ax+b {of course'}

(4) z=ag+b {¢ isthe azimuthal angle measured from x}

6) t= 7[\/% {as given in question}

(10) R=H/2

Chapter 7 Answers

(B) ¢ :%m(R—p)zéz+%I¢2—mg[R—(R—p)C059]
f(0,4)=|(R-p)0—pp=0

bi| 9 }sinezo;gﬁs—gsin(L(é]:O
1p R-p

| 7T(R-p)
5¢
7(R-p)

7 7 =\m? [¢5f +142 + g, cos(¢, — ¢2)] +mg/(2cosg, +cosg,)

24+, cos(¢l—¢2)+¢§sin(¢l—¢2)+279sin¢1 ~0

b, + ¢ cos( — 8,) + sin<¢1—¢2>+%sin¢2 0

(10) (a) x(t) =~ (b) x(t) = %[cosh(at)—l]

(1) 7=im [Rza)2 +R*(g+ ao)2 +2R’w (¢ + w)cos ¢} , Where ¢ is the angle the particle makes with a
radius of the circle; the diameter makes an angle of wt with a fixed horizontal axis. Then, the equation
of motion becomes: |¢ + w?sing =0




(12)

(13)

(15)

(22)

(23)

(24)

r(t) =|r, cosh(at) + 2g

2
o

[sin(at) —sinh(at)]

6+ 9sino—2coso=0
b b

T=

1/4

(a°+g?)

272'\/5

Hint: Find 6, in terms of a and g by setting

6 =0 Taylor expand sin® and cosé about
6, ; pick off the angular frequency from the

differential equation of motion.

Z—Eéﬁ%(ﬁ—b)—gcosezo

6"+ﬁ+gsin0:0
! !

2 X

v =

mXZ ke—t/r

y A=

2 —t/r
ke
Py
2m X

H = i(pf+ p; +p?)+U (X, Y,2)

2m

7 = %(626’2 +a2)+ mg/ cos &

2
o =| P2

2m/?

2

2

—mg/ cosé|; in this case the Hamiltonian is not the total energy.




Chapter 8 Answers

(4)
(8)

(9a)

(b)

(10)

(14)
(18)
(243)
(25a)
(27)
(30)
(37)
(40)

(41a)

(42)

(U)=[kral; (T)=[k/2a]

Using the potential given, integrate to find €(r). Hint: make sure to include an integration constant and
2 2 '

specify it to be equal to 7 /4 for simplicity. You should then show that X—Z—g—z =1, where a’ =
a

2
Here, o' =¢*/ uE and &' = /1+ ! kz
ME

The boost is radial, ¢, /. :
GM,_m, GM,m,  /°
; E(r)=[0]

_GM,m, ; T(r)= V() =|——+
r r r 2ur

g+1’

u(r)=

Use the virial theorem (T =-2U ) and show that E; =0 meaning orbit is parabolic.

ek 1
72 r

Start with Kepler’s elliptic orbit equation and show that F(r) =|-—

d= (b) d =

r, =[287km| (b) v, =[7.719km/s] (c) 7 =[1.49hr]

v, =

V. : {requires a boost of 3.327km/s from orbital speed of 7.792km/s}
AV =

Crashing into the sun: Av = ; Escaping from solar system: Av =
AV = (b) T, ~ |5 days

AE =[2.57x10"J 43) Yu_ 23 47)  r=[117x10%yr
V.




Chapter 9 Answers

@  R=[©0h74)]

©a) v =|o0— [@M=M)E
Vo mm,)

V. = (m1+m2)Eo \/(2m1m2 _m12)E0
2 m? "\ (mm?Z +m?)

m_
Ol 2]

(12a) v=|2.02m/s|; he will run out of gas...

(b) v =, relative to his ref. frame

(20) v=|Jga
=|5.18km/s|
(22a) Two possibilities: -

A 19.79km/s

v. =[19.
or
v, =[5.12km/s
(b)  Two possibilities: ¢ ={74.84°| or ¢ = ©) W, =
23 AT _|_=M
T, m, +m,
(30) <ﬁ>=§= (C127,-9)N
u

(34) v = vV, = le

Y
N
42) v, =[4.27m/s 0=

(43) ¢ =|55.8



Chapter 10 Answers

2
(6) The shape of the curve is a paraboloid: z(r) = g)—rz +C
g

(9) The assumption is that the vertical z-motion is unaffected, so time of flight is calculated using this and then
the deflection distance may be calculated.

(11a) projectile misses by 190km (b) projectile misses by 124km

(12) The line of the plumb will follow the effective force. You must use the good approximation that tane = ¢
for small angles.

(17) The surface of the lake will be perpendicular to the effective gravitational acceleration vector. Since this
points at an angle, one can find the deviation over a lake of radius 162km.
| find the deviation to be much too large (~ 278m). The answer key gives 7m, which is reasonable.
Though we have the same solution, their angular deviation is much, much smaller and | don’t see how they
can possible get that number based on the same solution. Even if one accounts for the curvature of the
earth (about 5m per 8km), the answer is still unreasonable.

(18) Displacement is ~ 271m eastward of intended target.

(21) Water is about Imm higher on the west bank.
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