SOLUTION :
PROBLEM 12.69 #=10radis, =0, b= 225 mm m=10.11 kg

b . bsing ;
Kinematics: r = . = g
r cos B cost @
Bsing - b[{cnsz 9){4:036'] ~ (sin#)(2cos @) -sin .9)] ,
F=——f+ T g%
cos” & cos'@
b(L+sin’0) .
= 3 with #=0
cos” &
- . b(l + .."n]'.lil2 ﬂ} . b 2 st:inzé .
a, =¥ —r? = 5 0 - é = o
cos’ & cos@ cos’ &
= 2btan? Osecd §°
16+ 20 = 0422500 52 _ 2 iangeecs 67
% cos’ &
(a) Radial and transverse compoenents of effective forces.
W 2Wh

F, =—a: F ="——tan’0secd &
g b4

=2(0.11)(0.225)10"2 tan*@secd@ F, = 4.95tan’@secd Ib 4

F, =Ea9: Fp= 270 o Osec &
4 &

=2(0.11)(0.225)10"2tanPsecd  F, =4.95tandsec Ib 4

{£) Forces P and (@ exerted on the pin by the arm (4 and the wal of the
slot DE, respectively.

LF, = Pcos@ = F,sinf — Fycosd

P=4.95tnfsec’d1b™ 6 o
+/ ZF, = Qeosd = F,
Q =4.95tan" fsec’ @ b— o




SOLUTION PROBLEM 12.88

Circular orbits: v = |2
.
ry=2240 km = 2.24=10°6 m
(6.67+10"-11)(73.5+10"21)
) =y S SATTOE = 1.479%10"3 w/s
rg = 2080 km = 2.08+10°6 m
J':Ei.Ei'?'*ll]"—ll:l('i"3.5*ll:|“2|) .
(v3)1=\' - = 1.536+10"3 m/s
2.08+10°6

{a) Transfer orbit AB.
(va)y = (va), +(a¥), = 1.479+10°3 - 26.3 - 1.453+10"3 n/s
WJ{"‘}: = Ws("s).

r (v {(1.479:10"3)(1.453:10"3)
al 4)? = s Z = 1.564+10°3 m/s
g 2.08+10"6

{VBL =
(vp), = 1.564+10°3 m/s «
(4) Speed change at B,
(avg) = (vz), —(vs), = 1.536+10°3 - 1.564+10°3 = -29.6 m/s

Speed reduction at B. |Avs| =29.6 m/s 4




12.127 Free body diagram for collar C is shown below, where the impending motion is
assumed downward. This is the reason why the friction force directs upward.

CF :mpw® =0.2-0.6sin 6 -6°

N }
" CF  Wsing—0.2-0.6sin0-62cosd— u N =0 (1)
N —W cosé —0.2-0.6sin@-62sind =0 (2)
W
(2) —» N =Wcosd+0.2-0.6sin’ 9-6° 2)’

_ W sin@-0.2-0.6sin -6 cos@

2y —» (1 p, = —
W cosd+0.2-0.6sin“9-6

(a) @=90° u, =0.454

Impending motion is downward as assumed.

(b) 8=75°%pu, =0.1796

Impending motion is downward as assumed.

(c) @=45° u, =-0.2178

In this case, the friction force acts downward, opposite to the direction assumed.

Therefore, the impending motion is upward.



SOLUTION

PROBLEM 13.24 Given: my=8kg  my=10kg  mc=6kg

System released from rest.
Collar C removed after blocks move 1.8 m.

Find: v, just before it strikes the ground.

Position I to position 2
w=0 T=0

At 2, before C is removed from the system

1
T, = E(m“ + g + mc)vg

T = %{24113);-5 =12v

Uy_y = (my + mc —my)g(1.8 m)
U, , = (8+6-10)g(1.8m) = 70.632J

T+U_,=Ty  0+70.632 =124
_ v = 5.886
Position 2 to position 3

T = %(m,, +mg)vy = -';(5.335) = 52.974
1
L= 5(’"1 + ms]"g =9"§

Up_y = (mq — mg)g(2 - 0.6) = (~2 kg)(9.81 mis? )(1.4 m)
Uy_y = —27.468]

T+ Uy y =Ty = 52974 - 27.468 = 9

v; =2.834 1y =1.68345 v, = 1.683 m/s 4




SOLUTION  PROBLEM 13.45

@ _
8 W=img
ek, S s
2 uzheose e
442 “ N=o ma \ mag
[>) "
Block leaves surface at C when the normal force ¥ =0
+/ mgcosf = ma,
geosd = KE’- (1
V& = gheosf = gy
Work-energy principle .
mi U =W(h-y)=mg(h-y)
Ty +Ug r=T-

Use Equation (1) 4.5m+ mg(h-y) = %mvg

45+ 8(h-2) = Toc @

45+ gh= %gyc
4.5+ gh
Ye =—{ 3 £)
(3+)
2
(45+ (281)01) )
yE——
=(9.81

y =0.97248 m 3)
v 0.97248
im -

yo = hoos®  cosd = 'Jf = = 0.97248

8 = cos™'0.97248 = 13.473° 8=1347°4
@

From Equations (1) and (3)
ve = 2y = |/9.81(0.97248) = 3.0887 m/s
ALG; (vc), = vccos6 = 3.0887cos13.47°
=3.0037 /s
(¥c), = =¥ sind = 3.0887sin13.47°

= -0.71947 m/s

¥ =yc +(vc),1 ‘_;, gt* = 0.97248 - 0.71947¢ - %(9.31):1

AtE; yg =0: 4.905% +0.7194 - 0.97248 = 0
1=037793s
AtE: x = heosd +(ve) t = 1(sin13.47°) + 3.0037(0.37793)

=0.23294 +1.3519 = 1,368l m
x=1368m 4«




SOLUTION PROELEM 13.63
@) SpeedatC

Lys = J(300)" + (150)% + (75)" = 343.69318 mm
k =320 Nim |
4B vyg=0 Tz=0
Vo = (Va), + (Va),
AL,y = 343.69318 min — 200 mm
AL,z =143.69318 mm = 0.14369318 m

(7a), = %’f{-’-\l-,.s}3 = %(320 N/m)(0.1436932 m)?
(Vs), = 3-3036373
(Va), = Wr = (0.5kg)(9-81ms*)(0.15 m) = 0.73575 ¥

Vg =(¥s), +(Va), = 3.303637J + 0.73575 ] = 4.03939 J

4 C T =

(Fc), = gH(AL.c)
ALge =309.23 mm - 200 mm = 109.23 mm = 0.10923 m
Vo), = —15(320 N/m)(0.10923 m)’ = 1.90909 1
Tg+ V=T + V¢

0 + 4.0394 = 0.25v% +1.90909

2 40394 - 1.90909
Vo= —————————
0.25
{b) Force of red on collar AC

F, =0 (no fricticn)

= 8.5212m’ss? ve = 2.92m/s 4

N e
ni F = Ei+F,j
c o = cpFmo
e S 8 = tan™' % = 14.04°

W
Es:gn.wmk‘ C oy
¥, = (kAL ¢ J(cosbi +sin k)

F, = (320)(0.10923)(cos14.04% + sin14.04°k)
F, = 33.909i + 8.4797k (N)

2
IF = (F; +33.909)i + (F, ~ 4.905)j+ 84797k = 2 + mgk.

3BION=0 F,=4905N+(0.5 §52120'i’)
Fy# 33908 = y = 405N+ (03) e
F, = -33.909N
F, = 33309N

F=-339Ni+333Nj«




SOLUTION PROBLEM 13.112
ry =1740 +140 =1880 = 1.88+10°6 M
re=R= 1740 = 1.,74«10°6 m
GM s = 0.0123  GMg = 0.0123gR2
= 0.0123(9.8)( 6.37:10°6 )°

= 4.89=10"12 m"3/s"2

At 87 mi: V. = %M—=IBI3 m/s

cinc
Ta

(a) An elliptic trajectory between A4 and C, where the lem is just tangent
10 the surface of the moon, will give the smailest reduction of speed

at 4 which will cause impact.
1 GM
Ty=—mv Vy=—-""B%— 5 §0«10°6 M
2 r,
1 GM
Tc=5mé Vc=—fﬂ= —2.81%10%6 M
c

1
T 4V, =Te+V,: Emvi —2.60~1076 m

1 2
=~2~mv§ ~2.81%1076 M

vi=vé - 4.210%5 (1
Conservation of angular momentum: Fmvy = remve
y : -
ve =4y, = 1T DOSIGRE v, = 1.0806v,
Lol 1.74+10"6

2 -~
vi = (1.0806v,)" — 4.2+10"5 = v, = 1582.57 m/s
Avy =(ve),. —Va= 1613 — 1582.57 = 30.34
Av, = 30.34 m/s 4

(b) Conservation of energy (A and B)

Since ry = r, conservation of energy is the same as between
Aand C

Conservation of angular momentum:

ramv, = rgmvgsing; ¢ = 45°

- =[1.33nn~sJ[ v, ]:I.Szalv,,
rg sin45° \1.74+10%6 /| 0.70711

From (1)

Vi = (1.5281v,)" ~ 4.2+10"5 = v, = 560 f/s
Avg =(v4), =Va = 1613 - 560 = 1053

Av, = 1053.m/s 4




v ]+[.M/¢=‘zm50=£
&g =43~ S P 42.94°< 42%9"
<h “‘éﬂ [“5:}0"
=L
F=m - +4ﬂ;mﬁ
e "ﬂjl’fi-é@%)f-ﬂ;{u-wﬁ)-f}m-zf"
RAX2(-F) =322%) (1-B)p L

o~ U=2.937 Y,
o fia ’PJ--?:? + 4#} L8030

= x@93p” G
Bax) T MR =134 ()
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