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PROBLEM 13.61

A thin circular rod is supported in a vertical plane by a bracket at 4.
Attached to the bracket and loosely wound around the rod is a spring of
constant ¥ = 40 N/m and undeformed length equal to the arc of circle
AB. A 200-g collar C, not attached to the spring, can slide without friction
along the rod. Knowing that the collar is released from rest when
0 = 30°, determine (a) the maximum height above point B reached by
the collar, () the maximum velocity of the collar.

(a) Maximum height

Above B is reached when the velocity at E is zero

TC :0
TE =0
V=V+V,

Point C

2
ve), = %k(ALBC)Z e %(40 me)[% m) = 0.4935]

(Vc), = WR(1 - cos6) = (0.2 kg x 9.81m/s* )(0.3m)(1 - cos30°)
(Vc), = 0.07886)
(Vg), =0 (spring is unattached)
(Ve), = WH = (02x9.81)(H) = 1.962H ()

0 + 0.4935 + 0.07886 = 0 + 0 + 1.962H
H=0292m<
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PROBLEM 13.61 CONTINUED

(b) The maximum velocity is at B where the potential energy is
ZETO, Vg = Vyay

T =0 Ve =04935+0.07886 = 0.5724]
4 lmvf_; - l(0.2 Kg) Vi
2 2
Vg =0
To+Ve=Tg+Vg  0+0.5724 = (0.1)v2,,
e = S 2 mn

Voae = 239 m/s €
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PROBLEM 13.62

A thin circular rod is supported in a vertical plane by a bracket at 4.
Attached to the bracket and loosely wound around the rod is a spring of
constant k& = 40 N/m and undeformed length equal to the arc of circle
AB. A 200-g collar C, not attached to the spring, can slide without friction
along the rod. Knowing that the collar is released from rest at an angle &
with respect to the vertical, determine (@) the smallest value of ¢ for
which the collar will pass through D and reach point 4, (b) the velocity
of the collar as it reaches point 4.

(a) Smallest angle 8 occurs when the velocity at D is close to
zero
Vo =0 vp =0
=0 T, =0
V=V+V,
Point C
ALge = (0.3m)6# = 036 m

W = (0.2kg) x (9.81ms?) (Ve), = %k(ALBC)Z
=1962 N (Vc)e ~1.86°
(Vc), = WR(1 - cos®)
(Vc)g = (1.962 N)(0.3m)(1 - cos®)
Ve = (Ve), +(Vc), = 1.86” +0.5886(1 - cosd)
Point D
(Vp), =0 (spring is unattached)
(Vp), = W(2R) = (2)(1.962N)(0.3m) = 1.1772)
To +Ve=Tp+Vp,  0+1.86° +0.5586(1 — cos6) = 1.17721]

(1.8)6* - (0.5886)cos6 = 0.5886

By trial 6 = 0.7522 rad
§=431"4
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PROBLEM 13.62 CONTINUED

(b) Velocity at A
Point D

Vp=0 Tp=0 Vp=11772]seePart(a))

Point A

Va=(V4), = W(R) = (1.962N)(0.3m) = 0.5886 J
T, oV, =T, +¥,
0.1v5 + 0.5886 = 0 +1.1772
v: = 5.886 m?*/s’

v, =243m/s 4




Hw#y

PROBLEM 13.63

equilibrium on a spring. It is pushed down, compressing the spring 6 in.,

i

F A 6-b collar can slide without friction on a vertical rod and is resting in
j

|?i and released. Knowing that the spring constant is & =15 Ib/in.,

h i determine (a) the maximum height % reached by the collar above its
L [3 equilibrium position, () the maximum velocity of the collar.

SOLUTION
(a) Maximum height when v, =0
@[]%=° A8=5-0
T rae Al
h -
Position @ (Vg )] =:0
r EQUILIBRL M
PosITIoN

¥ in 3 et B i, it +6.~ 6.Ain.
_b_@ n 15 Ib/in.

\J,

=0 1

(V.), = %hﬁ = 5 (151in)(6.4 in.)’

]

= 307.2Ib-in. = 25.6 1b-ft

Position @ (%), = mg[*- + h] = 6(0.5 + h)

T +V, =T, +V,: (Vg)l +(%.), = (Vf’,)2 +(7,),
25.6 = 6(0.5 + h)
h =3.767 ft h=452in. <4

(b) Maximum velocity occurs when acceleration is 0, equilibrium
position

7= tm2 =1 6 |2 - 00031672
2 2322

1 2 2
vy = (Vg), + (7.), = 6(6) + S(x = 6)" =36 +7.5(64-6)
= 37.21b-in. = 3.11b-ft

T+V, =T, +V,: 25.6=0.093167v2 + 3.1
Vo = 15.54 ft/s 4




PROBLEM 13.69 CONTINUED
(b) Force of rod on collar AC

F. =0 (no friction)

|2 [‘-3\.3 | ma™
il F = Fi+F,j
o e = cg¥fmo
Fx
n w Fe (':\ = tan-1_"{5_ = 14.04°
S.5hgxiRimist Ay 300

F, = (kAL )(cosfi + sinfk)
F, =(320)(0.10923)(cos14.04° + sin14.04°k )

F, = 33.909i + 8.4797k (N)

2
IF = (F, +33.909)i + (F, - 4905)j + 8.4797k = ™ j + mgk
r

(8.5212 m%fs?)
F,+33909N=0  F,=4905N+(0.5)——~
0.15m
F. = -33.909 N
F, =33309N

F=-339Ni+333Nj«d
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PROBLEM 13.70

A thin circular rod is supported in a vertical plane by a bracket at A.
Attached to the bracket and loosely wound around the rod is a spring of
constant & = 40 N/m and undeformed length equal to the arc of circle
AB. A 200-g collar C is unattached to the spring and can slide without
friction along the rod. Knowing that the collar is released from rest when
6 = 30°, determine (@) the velocity of the collar as it passes through
point B, (b) the force exerted by the rod on the collar as is passes

through B.
SOLUTION
(a) =0 fc=9
-l L= lm"’fzif
Ty = —(0.2kg)v}
—Noo X T, = 0.1v3 Ve = (Ve), +(Ve),
/ ©=30 arc BC = ALg- = RO

B(l-cos &)

V), = %k(ALBC)

ALge = (0.3 m)(30°)%

ALg. = 0.15708 m

2

= (40 Nim)(0.15708 m)” = 0.49348

(V), = WR(1 - cos®) = (0.2kg)(9.81m/s*)(0.3m)(1 - cos30°)

(Vc), = 0.0788577

Ve =(Vc), +(Vc), = 049348 + 0.078857 J = 0.57234]

: (b)

W =(0.2 b3 (921 M) r Lol
B

[ ==ma

_

Fe

Vs =(Vs), +(V5), =0+0=0

To +Ve =Ty +Vg  0+0.57234 = 0.1v;

vy = 5.7234 m%/s* vp = 2.39m/s 4

2
mvpg

+12F=F-w= =
5.7234 mzz’sz)

FR=I.962N+(0.2kg)( (03m)
Jm

Fr =1962N + 3.8156 N = 5.7776 N F, =578N 4
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PROBLEM 13.75

An 8-0z package is projected upward with a velocity v, by a spring at 4;
it moves around a frictionless loop and is deposited at C. For each of the
two loops shown, determine (a) the smallest velocity v, for which the
package will reach C, (b) the corresponding force exerted by the package
on the loop just before the package leaves the loop at C.

SOLUTION

(a) The smallest velocity at B will occur when the force exerted by the
tube on the package is zero.

N=0O

® et = 1
‘ P mos
mg - »
+123F=0+mg=m:g

Loop 1

vi =rg=15 ﬁ(32.2 ﬁfsz)

vj = 48.30
1
At A TA = Em Vg
0.5
Vo=0 [80z=05Ib==——=0.01553
322
N T
At B i ik E;1»:(48.30) =24.15m

Vy = mg(7.5+1.5) =9mg =9(0.5) = 4.51b-ft
T,+V, =Tz +Vp: %(0.01553)1;3 = 24.15(0.01553) + 4.5

WV =62782 v, =25.056 v = 25.1 fi/s 4
AtC

Tp = %mvf; = 0.007765v2 M = 7.5mg = 7:5(0:5) =335

T, +V, =T, +Vs: 0.007765v5 = 0.007765v¢ + 3.75
0.007765(25.056)° — 3.75 = 0.007765v?

ve =144.87




PROBLEM 13.75 CONTINUED
(b

E
I
=1
v
=
ﬂgl"c?ﬁ

0.5

144.87
T EE s mas N = 0.01553(———)
N =1.49989

{Package in tube} N~ = 1.500 Ib ~— <«
(a) At B, tube supports the package so,

vp =0

I

4.51b-ft

%(0-01553)"3; = 4.5 = v, = 24.073

v, =24.11t/s 4

(b) AtC T. = 0.007765v2, V. = 7.5mg = 3.75

T, +V, =T+ Ve 0.007765(24.073)° = 0.007765v% + 3.75

ve =96.573
N, — = Yn’lff“
- l.g
6,S ma

N. = 0.01553{9—61'—55;}3] = 0.99985

{Package on tube} N, =1.0001b «
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PROBLEM 13.83

Knowing that the velocity of an experimental space probe fired from the
earth has a magnitude v, = 32.5 Mm/h at point 4, determine the velocity
of the probe as it passes through point B.

SOLUTION

At A,

At B

o= hy+ R =43Mm + 6.37Mmn

ry = 10.67Mm

vy = hy + R = 72.7Mm + 6.37Mm

\ ry = 19.07Mm
[V

v, = 32.5Mm/h = 9028 m/s
T, = %»:(9028 m/s)’ =40.752 x 10 m

' _GMm

p— 2 )
’ ~&k'm

T4 T4
r, = 10.67 Mm =10.67 x 10° m

R = 6370km = 637 x10° m

(981 m/s?)(6.37 x 10° m)
Vy=-— (10:67 10" m) m = —37.306 x 10°m
. x m

2 ey
TB — %mvg’ VB = _GMm ﬂ

?'B rg
rg =19.07Mm =19.07 x10° m
! 2 |
(9.81m/sz)(6.3?x106m) m

= - =-20.874 x 10°m
(19.07x10 m) : i

VB:

T, +V, =Ty + Vg 40.752 x 10°m — 37.306 x 10°m = lmvﬁ ~20.874 x 10°m
' 2

vj = 2[40.752 x 10° — 37.306 x 10° + 20.874 x 10°
vy = 48.64 x 10° m?/s®

vg = 6.9742 x 10° m/s = 25.107 Mm/h vg = 25.1Mm/h 4
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PROBLEM 13.116

A spacecraft of mass m describes a circular orbit of radius 7 around the
earth. (a) Show that the additional energy AE which must be imparted to
the spacecraft to transfer it to a circular orbit of larger radius 7, is

GMm(r, — 1)

2nr,
where M is the mass of the earth. () Further show that if the transfer
from one circular orbit to the other circular orbit is executed by placing
the spacecraft on a transitional semielliptic path AB, the amounts of
energy AE, and AE; which must be imparted at 4 and B are,
respectively, proportional to # and r, :

AF =

) n

AE, = AE  AE, = AE
Pkt ro+r
SOLUTION
(a) For a circular orbit of radius »
2
F = ma,: Gﬂgm =m
E
p - GM
r
Enlebn jel O 1 Gilm (1)
2 r S

Thus AE required to pass from circular orbit of radius # to circular
orbit of radius 7, is

A =& - = _%GMm +16Mm

A 2 n

GMm (r,-n)

2nn

AE = (2) (QE.D.)

(b) For an elliptic orbit we recall Equation (3) derived in
Problem 13.113 (with v, = v;)

sz 2Gm ?‘_2
1 (n+n)n

At point A4: Initially spacecraft is in a circular orbit of radius #

, _GM

eirc —




PROBLEM 13.116 CONTINUED

After the spacecraft engines are fired and it is placed on a
semi-elliptic path AB, we recall

o 2GM

] ("1 +n)
And Ti = .l_mvlz = lm%
2 2 ?'1(.?‘1 +."2)

At point 4, the increase in energy is

gkl My 5 1 GM
2 n(n+n) 2 5

_ GMm(2r,-r,—1,)  GMm(r, - 1)

e 2r(n + 1) 2r(n +1n)
- r, [G;Mm(r2 - r])}
K+ 2nr,
&
Recall Equation (2): AE, = —=2—AE QED
gna g T

A similar derivation at point B yields,

AE; =—1 _AE (QED)

(n+n)






