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Engineering Dynamics
Jerry H. Ginsberg
Answers to Selected Homework Problems
Corrected October 1, 2008

F = 30097 — 34927 + 1937k N, M4 = 77497 — 12034k, Mg, = —11624 N-m.
c1 = —143.39, co = —0.534501, ¢5 = 440.334 rad/s.

F! =336.8, F?=2386.2N.
Up = [eaccos (at) cos@ — Ratsin 0] 7 + [eacos (Bt) sin @ + Rat cos 0] j,

0 = =at?, v = eacos(at), v, = Rat.
V= |:ZI,' + Llél COS@l + L2 (91 —+ 92) COS (91 + 92)] 7
— [L191 sinfy + Lo (91 + 92) sin (01 + 92)} 3,

where & = 1000 cos (50) mm/s, 6y = —10wsin (50t) rad/s,
02 = 107 cos (50t — w/3) rad/s.
v = [2gRsin(s/R)]"*&, a=gcos(s/R)é + 2gsin(s/R) ey
(a) s = s0/4, (b) s = s0/2, (¢) R = 2s/m, (d)sin(7s/s0) = (2/3)"/2.
o = (0.14517 — 0.47855) 8, @ = (0.03047 — 0.16973;) (ﬁ /k) .
. . 7+ sinhnj

= vp (1 — kB sinhn) ( cosh )
—sinhnz + j

_ T+ sinhn})
a = —v2k (1 — kfsinh <7 +— 1 — kB sinh

ok ( ) coshn Ié] ( )’ (coshn)?
é; = —0.48047 + 0.277405 + 0.8321k, €, = —0.51607 + 0.67695 — 0.5241F,

ey, = —0.70867 — 0.68185 — 0.1818k, p = 6.392 m, 7 = 40.33 m.

&y = —— 7 x 7, T:—(S/)b
(S )3 p2 (7:/ X 7://) . ,,7///7

(s)°

/2

[(;// . f//) (51)2 _ (f/ . 7://)2} /
= LB [—sin(Bt) 7+ cos (Bt) j — 2sin (26t) k],
= L§” [— cos (Bt)7 — sin (Bt) j — 4 cos (2Bt) k] .
a) x =3272m, (b)=23785°. £=35.6lm

0‘53>1/2, (b) t; = 1.3095 (%)1/2’ yp = 0.8574 (%) .

_

where p =

o Q1

(a) vo = 0.2887 <

_ _ wHu T\ = _ m?Hu? . /7xy -
(a) o =z + 7 cos (T)j, a=——75—sin (f)j,
l/2
B2
(b) max (v) =u |1+ (%) ] at = nL, n is an integer,
_ w2 Hu? 2n—1 gL 1/2
(C) Inax(\a|) = T at x = TL, (d) u < (ﬁ) .

o Lo 4 — 90 i () — oy
= - [1—cos (ut)] + —sin (ut) , y = == sin (ut) — —=[1 = cos (ut)],
z = %pt, helical path.
2 8
= (e8)'* Nen — T (e8)'* 1eo + 5 A,

2
—% (eB8)"? 2 \2eR + <77T§ - 1) (cB)"? YN8y + 28)%e..

1
|

Ql
Il



2
2.31 U =ucotfer — Lsinfe, —ue,, a=— u73 + LO2%sind | ep — 2Qu cot fey,.
L (sin6)

2.33 N = —-554.3 N, F; =999.2 N.
2.36

S

= ah (o'zéa + Beg) ,
a= % [hQ& + (dQ - ,6’2) (sinh &) (cosh ar) — 26,3 (sin 3) (cos B)} €a
+% [hQB + (O'zQ — 62) (sin B) (cos B) + 2¢,3 (sinh @) (cosh a)] es.
2.39 v=12329 m/s, ©=-8922m/s?, p=23.719 m.
241 U= RcosG—RésinH)i—i— (Rsin&—i—Ré’cosG) 7
a= RCOSQ*QRésinefRéSiDQ*Ré2COSQ>7
+ (Rsin@ + 2RO cos 0 4+ Rf cos § — RO? sin 9) j.
244  w=Aw {1 + 3 (sin 9)2} V2 g SmOcosd . dE = 2w A -
[143(sin6)?] [1+3(sin0)’]
2.46 7= -350.0m/s, A=0.06239 rad/s, €= —0.0324 rad/s,
7 =40.40 m/s, A =0.02345 rad/s, 6 = —0.00516 rad/s.

/2

3
_ - [(R’)2 +R2]
= _ /> = = 7 = /5 _
2.49 v=0(R'égr+Reg), a =0"[(R"—R)er+2Re, p_R”R—RZ—Z(R’)Q-

2.51 v=30.05m/s, ©=-520.8m/s2, F =40.01.N.
254 v =120.62m/s, v =250.0 m/s?

3.1 [ 0.8321 —0.5547 0
[R]= | 03714 05571 0.7428 |, 7c/a = 0.48287 — 0.5356k m.
| 0412 —0.618 0.6695
3.4 [ —0.9285 0.3714 0
[R] = | —0.1564 —0.3910 0.9070 |, 7o/a = 46.421+ 7.82] — 16.84k m.
| 03369 0.8422  0.4211

3.6 (a) [z yg 2zp] =[-75.09 —48.32 —42.73] mm,
(b) [Xp Y Zp]=[-1.62 —98.80 — 6.06] mm.

3.9 B = cos™1(0.7198 cos § + 0.6428 sin 0) .

311 [Xe Yo Zo]=[0.1465 0.3357 0.0766] m.

314 ¢=T7.14° about K’ = 0.9265T — 0.3258. — 0.1881K.

3.16 0.2588  0.8365 —0.4830
[R] = | —0.8365 0.4441 0.3209 |, 51.74° between original and new y axes
0.4830 0.3209 0.8147
319 Arg = —406.9I — 378.6J — 505.1K mm.

3.21 ATy = —113.191 + 124.14J — 13.76 mm, A7p = 95.83] — 25.66.J + 13.76 K mm.
3.24 Arc = —49.651 — 33.59J + 5.30K mm, 9¢ (t =0) At = —56.121 — 23.13J + 12.21K mm.

3.26 @ = 100077 + 0.16667k rad/s, &= 166.77j rad/s’,
where 7 = €; and j = €, for the airplane’s path.
3.29 0 =90°: ©=5236] — 20k rad/s, a = 1047207+ 100k rad/s’.
0 =60°: @=5246] — 17.32k rad/s, & = 906907 — 50 + 86.60k rad/s".

332 ©=-04330 (9 + 26) T4+ 0.5 (é + 21) 7 +0.250 (39 - 25) k,
a = —0.250 (95 1305 — 237) 7— 0.86600537 + 0.4330 ((96 - 287) .
334 ac= [L'é sin 20 — LO? (9 + cos 29)] T+ [L'é (3 + cos 20) + L sin 29} j, 1=¢0p

3.37 ag/A = (—QQH + 2Q0W sin 9) 7— (02 + 92> W (cos0) j — 6°W sin Ok.
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4.3

4.6

4.8
4.11

g =—(3.77TL +127.3R) j — 10 (L + R) k, )

ap = —(106.3L 4 16315R) 7 + 25.13 (L + R) j — (495.3L + 182.1R) k.

Up = —6.5667 — —2.347j 4+ 11.638k m/s, ap = —314.97 — 237.4j — 317.4k m/s’,
where ] = éC/B and k = éB/A X éC/B/ éB/A X éC/B| .

_ agy _
w=|—4+v—— )&+ —¢,
st 2 2 2
_ (v wvidr .dg 2 d°BY _ vedf _ v vidp) _
“= (T 72d5+vds v ds? &+ p dsen+ p  p?ds -

@ = (50 —sin @) g + 0%s + Q2s (cos 9)2 ,
Nhorizontal = 2mS) (u cosf — fssin 0) , Nyertical =M (g cosf + 922 sin 260 + 29u)
g = &1+ QEsinbj + O&k,
ap = [E-0% - 0% (sin0)’| T+ ng sin 0 + 2000¢ cos 0] j
+ [95 — Q2¢sin 6 cos O + 20€| k.

G=  —0.9397cos i — 0.9397 sin 65 + (—0.34209 n éﬁ) .,
a= —0.9397Q¢sin ¢7 — 0.9397Q cos ¢j + ok,
b= —147QLsingi+ L [— (0.171 + 1.47 cos ¢) Q + 0.54)} 7+ 0.4698QL sin ok,

ic= L { 0.5 — 0.5027 cos ¢ + 0.8415 (cos ¢)2) 02— 0.50% + 0.342(2(}5} 7
+L [0.56 + (0.5027 sin ¢ — 0.2208 sin 2¢9) 92} j
FL [ = (1.281 +0.1607 cos ¢) Q2 + 0.939796 cos ¢>} k
(08) ayypzy = —46.571 +41.16J m/s, (ap),,,,., = —19668] —35112J m/s*.
(@can) uy. = (0-255 — 2.503) i — 0.918] — (s + 5.553) &

e Sin A .
s =— (ﬁ) d? to the right.

u

1/2
(a) =0, y=—wecosA (§> (%) ,
g

1/2
(b) = =0, y-wwosA(%) (ngRe).

Up = (Rw;icosB— Rwy — LB) 7+ Lw; sin 7 — Rw sin Bk,
ap = |Lw?sinfBcosfB — Lﬂ) 7+ [—R (w% + w%) + 2w1 (Lﬁ + Rw2> cos ﬁ} j
_ [ng (sinB) + L3 + QRWQ,B] 3

¢ =97.93 rad/s, 6§ =—20rad/s, 1) = —48.44 rad/s,

@ = 10.127 — 19.195 + 50.22k rad/s.

[B] = [Re (9)] [Ry (0)] [R= (¥)],

W= (¢—¢sin9) 7+ (90059+¢sin¢c059)§+ (—9Sin9+¢cos¢cose> k,

a= {é—i[)sin&—{bécos&} 7+ [i/}cosesin¢+écos¢—1bésin981n¢+1b¢c059cos¢

—éésindj—l— [@cos@cowb—ésinqﬁ—¢9sinﬁcos¢—zlx.bcosﬁsin¢—9(.bcos¢} k.
v=>5.313m/s, ©=724.1m/s>.
T4 = bl cosb.], dAZb(éCOSQ—éQSin9>j,
o = —bfsinbI, dB:—b(ésinﬁ—I—@QcosG)I_,
V2 ™ 7, 7
vg—7b9cos(0+z) (I+J),

ag = gb [écos (9—1—%) — 0% sin (9—1—%)} (I_—l-j).



4.13

4.16

4.18
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4.26
4.28

4.31

4.33
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4.41

4.44
4.46

5.1

5.6
5.9

5.11

0=60°: wpc =—0.11110k, apc = —0.446760%k, k is outward.

0 =120°: wpe = —0.27270k, apc = —0.12326°k.

wpc = 0.8660wapk, @wcp = —0.50wask, apc = 0.250w% 3k,

acp = 1.616w% gk, k is outward.

o5 = 0.866v47 + 0.866LQ] + 0.5v4k, v = 0.433v47 + 0.433Lj — 0.25v4k,
where k is upward and 7 is radial.

2
_ _ _ 1 -
o = —RQsin 07+ uj — utan 0k, ac = —2Quz — RO?sinfj — Ll Tk
B R (cos )
vp = 18.138 m/s, wop = 17.4907 + 141.225 — 90.88k rad/s,
ap = —13802 m/s°, acp = 950.77 + 47185 — 4940k rad/s”.
(a) No unique solution, (b) wap = —wep = 1.20v4J 4 1.60v4K rad/s, where I = €4
— p 9 N— g . -
ip= (R—1r)0 Kl + ;cowﬁ) 01 — ;;m(m] ,
ap= (R—r) |:é(1+ECOS¢) _— (— 1) 0%sing| 7
r rAT
. . R _
+(R-—r) [—95 sin ¢ + 62 (1 48 8—2) cos@| 7.
T ror
G4 = 0.7273% 2clockwise, G4 = 0.1172% cloci{wise.
2 .
o= M clockwise, a = 2v7h (cos ) smg clockwise.
R (cos6)” +h {R (cos ) + h}
2 —
o=—274 %cosﬂj, a = % (1 + cos 3) sin Bk,
7 parallel to the cone generator and j upward.
o= [Ql cos (B+7) + (21 — Q) ziiﬂ} i —Qysin (B8 +7) 7,
A . .\ sinf] - sing . =
o= [Qlcos(ﬁ—l—'y) + (Ql —Qg) - ﬁ} i— (1 — Q) Q1= Bsm(ﬁ—i—’y)y
. B sin ~y sin ~y
—Qq sin (8 + ) k.
. Q—Q R
Precession : ¥ = Q1 + (1—22) [ —— 1) cos 3 — 1} ,
(sin B) r
. Q-0 R
spin = L= (X1 o)
Ging? \7

(w cos B+ (;5) T+ ¢sin Bk, a= —¢sin By,
parallel to the cone generator, k upward.
¥ =33.69°, ¢ =—15.428 rad/s, 0 =0.6934 rad/s, ¢ = 13.699 rad/s.

o T4 7 P (R
©=20(1+cos f) 1+ fj —Qeosfk, f=p| om—Fs
2

1

w0 | YRR 052+ 2c0s8 —sin )

—2073 (14-cosB —sinfB)k, 7=ecp, k upward.
Initial Ho = 2mhQsinf (— sin 61 + cos Hj) ,
AHp = —mhQsin26 [1.523 (10~%) J + 0.01745K] ,
where XY Z is stationary, with X aligned with the shaft and
Z perpendicular to the initial plane of the bars.

7 11 128 L% + 93R? 93R?
m=ompRL, 2= oLy Lo = Iy = m57;6, L. =m— .
m = 6.369 kg, x¢ =1.1078 m, yg = 0.5847 m,

L. =3.544, 1,,=9.931, I, =13.475kgm? I, = 5.776 kg-m”.
m=414.1kg, rg/0 = 2.267 + 200k mm, centroidal #3% are principal axes with
Lz = 9.495, I = 9.498, I:: = 9.800 kg-m>.

w
7




5.13

5.16

5.19
5.21

5.26
5.28

5.31
5.33

5.36

5.39

6.1

6.3

6.6

6.9

6.11

6.14

6.16

0542 0.042 0
[I]=mR%| 0.042 2542 0
0 0 2583

Ie = 0.006667 — 0.004 (cos 0)*, I, = 0.002667 + 0.004 (cos §)”
I, = 0.002sin 20 kg-m”.
I =26.61 (107), I, = 456.7 (107°), I = 483.3 (10~°) kg-m?.
191.5 2296 —64.8
I]=| 2296 16875 —11.1 | kg-m?.
—64.8 —11.1 1613.0
- 1 - _ 1 _
He = §mLQQ sinfj, dHc/dt = §mL2§22 sin 6 cos 0k.
Ly = 0125, I,y = 0.260, L. = 0.225 kg-m?,
He = 0.1520w7 + 0.054w] = 0.1118w7 + 0.1163w;j’ kg-m?/s, T = 0.076w? J
_ 1 - _ 17 -
Fy= —gmwaJ, My = —£mabw2z, k=cép/a.
Fo= —mL [wQ (sin@)2 + 92} 71— mlL [9 — 1% sin 0 cos 0} j— mL [w sin @ + 200 cos 9] k,
Mo = [IﬂLCOSG — (I — L+ 1I3) zbésin&} 7+ [Igi[}siné' — (L - L—-1I3) 12J900S9:| 7
— [Igé + (L - 1) @2 sin 0 cos 9] k, 1= €a/o-
_ — dH,
He = mR%w; [0.1250 + (04330 — 0.5)F] , —C
A = 2.309 for no dynamic reactions,
7 is the axis of the disk, j is perpendicular to the diagram.

_ _ _ _ 1 . . _
Fg =3mROV’T +mgK, Mp= ZmR2 [—QQ¢ (cos 0)2 + (92 — ¢2) sin 6 cos 0} j

7 is the axis of the disk, j is perpendicular to the diagram.

= mR?w? (0.25) — 0.10825)%) j

1/2
0= (2 .
2L cos @

Fy=|-mLQ? cosf | — %mg (sinf) 7,

+
Ol — O =

Wl— Wl

_ 1 - _
Fg = |—-mLQ? cosf | + 5™m9 (sin )i + 2mgk,

7 is radial to left, k is upward.

_ 2 _ 3 2 _
=0, Flei = —% cos 01 + (—mg+ ﬂsin@) K,

, 2 , 6R
_ _ 3 _
Fiignt = % cosO1 + <§mg — 7161;1% sin 9> K, K upward.

Fa = [10g cosy — 2.5¢> (sin7)2] 7+ [10g siny — 2.5¢)° sinvcosv} j —2.5¢sinvk N,

My = 0.41'/') cos Y7 + 0.2251;b sinvyj + (2.59 siny — 2471'12} siny — 0.175{p2 sin 7y cos ’y) k N-m,
7 along the axis of symmetry, k horizontal.

mR?
2L

- 1
M, = ngQQ% sin 29éA/B-

Fa=—Fp=

Q105 cos 0 parallel to the upward diameter of the disk,

1. o (1 1 g
39—1—(2 (2+3c089) sinf = 2Lcos@.

£+ 12 [(% §> (sinf)* — %sinﬂcosﬂcosgb + gzl)ésinﬁcosqﬁzgcos&

1 . . 1 1
EL@%) —p? {ﬁL (sin 0)* sin ¢ cos ¢ + — (L — 4€) sin 0 cos 0 sin ¢

) 24
1-.
—gwfsinecosqﬁ: ggsinésirub.



R
1 2 L
6-19 Wi > 5 S5sm 20 i

L
6.21 N[L(1+cosy) — Rsiny] = mgL (1 + cosy) — mR?Q? i sin -~y

n 1 L ) . o
1 3n; cos~y| sin~, 7—6.

2 ..
6.24 Np =mgcot +m(R—1r)Q3— gmm/zqﬁcosﬁ,

2 .. m 99 ..
fp = —=mrél, Ni=—2 — Zmri,
5 R sing 5
where ¢ = chssﬁ (Q1 — Q) and 9 = Qy — ¢ cos f.
r (sin )
— b
6.26 Front wheel drive: v = Mgm, rear wheel drive: v = Mgm,
all wheel drive: v = pug.
629 0= 14.392%.
6.31 ¢ = 25.02 rad/s.
] mg pmg (k2 +17)
6.34 Fcri = . 9 : ;
(a) ¢TI Sng k2 (cos O + psin @) + pur? sin @ + riry

. Fr?cosf—riry
==

m K247}

1
636 =50, j =02

6.39 F =ov.

L

6.41 WA —wWwp = g—

R%y
6.44 AN = 63.4 N, increase at front wheels, decrease at rear wheels.
646 g2 193 (FR

' 1+ R2/RZ\m )
6.49 max ¢ = 37.49°, ¢ = 6.106 rad/s when ¢ = 32.49°.
2FR3 1/2

6.51 v2_m[0+sin0\/3+(82cos9(cost9)2) }

6.54  max¢ = 37.49°.

. 1/2
6.56 (a) 6 = 4.3503 (%) , (b) max (6) = 133.8° above horizontal.
1/2
659  (a) B=46.56°, Q) =0.9494 (%) , .
(b) PAt=0.1148m (gL)"/*, vg =1.1123 (gL)"/>.
moh

6.61 Wy = ST. where point A is the corner where impact occurs.
A

6.64 wy = 4.065 rad/s, vy = 24.70 rad/s at 59.17° above left horizontal.
6.66 (0G)y = —0.246Tvsinbj, wo = —0.2220vsin 0,
Tpanl = (— cos 07 — 0.01328 sin 07) v.
6.69 (0B)y = 0.8613v; at 50.74° below the left direction.
6.71 g = 15.459 m/s downward, wy = 17.441 rad/s counterclockwise.
6.74 Ug = 16.577+ 1.33j + 6k m/s, @y = 33.77 + 484.35 + 50k rad/s.
7.1 WX —ut) X —Y —28(X —ut)u=0, Y =p3(X—ut).
7.3 RO+ §— Xccosl + Yosind = 0, s6 4+ Xcsin + Yo cos 6 = 0,
both constraints are holonomic.
7.6 icosh — rsind = 0.
7.8 91 sin 0 +92 sin 09 +93 Sin93 =0, 91 cos 01 *92 cos Oy — 93 COSOg =0.
7.11 iasin (04 ) — LOcosf = 0.



7.14 (sinf3 —2cos B) R —u =0, [2(1+ cosf)—sinpBly+ ¢ =0.
F(3y> +4L?) +2ML

2L (412 — y2)"/?
g =0: Q5" = —2kL?(2sind — 1.5) cos ) — 8 L? cos b,

Qi = —FL 2+ 6(sin0)°| - M.
7.19 dW = —Npsin (0 + ) dxa + NgLdf cos j3,

716 g =y: QP =—k(y—15L)—80L, Qi =—

0xa = Léﬁﬁ if kinematically admissible.

7.21 =— ($2 - y2) 1/ .

2 . 2 1 .
7.24 m lL2 + il 1|0+ QmwGQ + 1mgL cos 0

3 (cos @) (cos @) 2
tan 6 — tan E)
H
+ 0 kH? 2 -1,
(cos ) (cos®)

0 = 16.092° for static equilibrium.
7.26 3mX +mécosf +2kX =0, ms+mXcosd+ ks —mgsinf = 0.
729 m [2}'?1 + Ry — (2R1 + Ro) 92} k(R — L) — 2mgcosf = 0,

m [Pq + Ry — (R +R2)92] +k(Ry— L) —mgcosf =0.
7.31 gmLzé +kL? <4 sinf — gL) cosf =2 (F + mg) Lcos¥.

1 PO |
7.34 gmL29 +g5ml (ii + g)sinf = 0.

1, 1
736 GmL%¢+ gmLeQ’sing + ko = 0.

7.39 4mR? (9 + w?sin 0 cos 9) + 2mgRsin (20 + wt) = 2F Rsin 6.

2mg — 4F)

7.41 [1 + 8(cos 9)2} 0 — (992 + 892) sinf cos = ( sin 6.

m
7.44 (my+mo)E—mo (R—1) (90059—9281n9> +kx=F,

g(R—r)Q—féCOSG—i—gsinQ:O.
Lo Lo poge) g pogoe h.
7.46 —0b +§h + R°0° )0+ R°00° + ¢ R@cos&—asme =0.
7.48 (m1 +mg) 5+ my (R+ecos0) 0 —mqe0*sinf = (my + my) gsin j,

my (R? + &% + k4 2Rscost9)é+m1 (R+¢ecosf)§
—miReh?sinf = myg[Rsin + esin (5 + 6)] .

. 1dl., 3 o, pcos(8—0)
7.51 160+ 2d06 + 2mgLCObO—FL S
1 1 5 K2
here T — 2 — o —— |24 . 0)2 (B — )2
where m {12 + G [(4 + R2> ((0059) + cos (8 —0) )

1
+ B cosfcos (B —0) cosﬁ] }
7.54 mi8 —my [éz + 4% (sin 9)2] s+ ks+migsinfcosyp =0,
(I +mys?) 0 + 2my 380 — my s sin @ cos 6 + my gs cos O cosp = 0,
[IQ +mas? (sin 0)2} U+ 2myes {s (sin®)® + sOsin @ cosf| —mygssinfsinep =T

7.56 imR2 [(1 + (cos 9)2> Q1 + 295 cos 0} =C.



7.58

7.61

7.63

7.66

8.2

8.4

8.6

8.9

8.11

2 .1 1 .
gmLQG + EmgL sinf = 0, gmLQw =M.

£ — Q% (sinf)® — (5 %) 6% — gcos = 0,
GLQ L§+§2) 0+ (26— L)EO— Q2 <§2 + %LQ) sinfcosf + g (g g) sinf = 0.

1 . \
(mq 4+ mg) 2+ §m2L (Gsin9+92c059) + (m1+m2)g+kz=F,

1 - 1. . 1 5. r .
§L9+§zsm9—§lﬂp schosG—&—igsmé?—O7
1 . .

gmgLQ W (sin 0)® + 2¢0sin 0 cos 9] =M.

[Ip +m <L2 + iRQ) (1 + (cos,@’)2> + 2mL? cos ,6’] P
—2msin B [L2 + <L2 + %RQ) cosﬂ] B + %mR%BsinB =T,
m <L2 + iRQ) B+ msin 8 {LQ + <L2 + 3R2> cosﬂ] P — %mRQiZ;(jﬁsinﬂ —mgLcos 3 =0.

m [Rz + K% +2R? (1 +sin 9)2] 0 + 3.75mR? (1 + sin 0) [(b sin ¢ + ¢ cos ¢]
+2mR20% (1 4 sin6) cos @ = FR (1 + sin6) + A cos 6,
2 B . . .
B R { [1 + 3 (sin ¢>)2] & + 302 sin ¢ cos ¢} + 3.75mR?sin ¢ [9 (1+sin6) + 62 cos 9]

12
_ +1.25mgRcos ¢ = 2.5F Rsin ¢ — 2.5\, cos ¢,
fcosf —2.5¢cosp =0

Gh=[p 8 & A h=m[L2 s (sinB) + 3 (cos B

I 0 —c b -m (li;{ — n%) 7;[16.3111 26 + mnfﬂlﬁ (,josﬁ +T
0 mx3 1 B ¢ = 3m (k2 — K3) ¥ sin 28 + Mk Q1) cos B
—C1 1 0 Al CQQ,ZJ

(m1 +m2)$ — ma (R — R02) cos f + Mo (R9 + 2R9) sin @ + 2]€1SE = )\1 sin@,
meo (R—:ﬁcos@—R92) +k(R—Rp) =0
mo (Ré—ki‘sin@—l—ﬂ?@) — magcosf = A, isinf + RO = 0.

.1
my R { [4.5 + 8cosf + 3.75 (cos 0)2} P+ 3 (sinf) ¢ — (8 + 7.5 cos 0) (sin ) 10
—&—%é[)@cos@} =M+ MR (sinf —2—2cosb),

.1 .
{4.25m1R2 + maR? [1 — 25in26 + 3 (cos 9)2] } 6 — 5ms R? (4cos 20 + 3sin 26) 6
+m1R? (44 3.75cos 0) (sin 0) * — 2 (m1 + ma) gR cos f + magRsin 0
= FR(sinf — 2cosf),

SR (¢+¢sino+¢ocoso) — MR, R(sinf—2—2cosf)d+ R = 0.
(ma+map+mp)ia —%(mAB +3mp)L (ésiné?—&-éQCOSH) =F+4\sin(f+490),

3 2
= —ALcosfB, Zasin(S+0) +0Lcosf =0.

1 3 1 -1
(—mABL2 + -mpL?+ ZmBRQ) 0 — B (map + 3mB)LiA sin 6



8.13 g =Xc, 2=Yo, qg3=190, Xesinf — Yo cosf =0

m + gmw) Xo+mL (ésinHJrézcosG) = (F1+ F2) - I+ A\ sind

<m+ gmw) Yo —mL (écos@ — ézsinﬁ) = (Fl +F2) - J — Ajcosf
1 . . . _ _
<I +mL? + meR2> 0+ mL (Xc sinf — Yo cos@) =Ta/c X F1+7jc X Fy
8.15 4ms + 2mLOsin 0 + 2mLO* cos = F + Ao sin O,
E + % (sint)? (sin 0)2] - gésin 24 sin 20 + ng sin 1 cos 1 (sin 0)% + %92 sin 2¢)
+gw9 (sin1))? sin 20 = LL (A1 cossinf — Ay cos QEsinsin9)
m

mL? [% + g (sin0)® + % (cos )? (cos 9)2] 0 4 2mL5sin 0

+§mL292 sin 26 [1+ (cos W] mL2? {— + 3 (sin®) } sin 26
= A\ Lsin cos® + Ay L [sin Q¢ smé? + cos 2t cos ) cos 0],
Lipcosthsind + LOsintp cosh = 0,
$8in Qt — Lap cos Qt sin 1 sin @ + L [sin Qt sin 6 + cos Qt cos 1) cos 6]
+Q {s cos Ot — Lsin Qt cospsinf — L (cos Qt)z] =0.
8.17 Xeg=-1112m, Yo = —70.0 m, # = 56.2° at t = 60 s.
8.19 0 passes 89° when t = 9.28 s.
8.22 max(0) = 80.73° when ¢t = 1.995 s.

8.25 —9+3iﬁsm9+u[ﬁ—3—(981n9+9 cos&)]sgn(@) =0.
8.28 gmL2¢ + %leB sin ¢ — %mgL sin ¢ = p|Na| (cos @) sgn (¢) — N4 sin @,
mYp (sin ¢)2 + %ng'z'Ssimﬁ + —quB2 cos¢p = — sifl[ngA’ Y (sin ¢)2 +H¢p = 0.
T 4 T
831 {ab=1lo Xp Yal', fa}=[{a}" {@)"] . LHa}=[1@" @] .
[l ] o Y
[ v ] la} (4}
L?/3 (L/2)cos¢ (L/2) squ
[M]=| (L/2)cos¢ 1 0 ,
(L/2)sin¢ 1
“irsine (L/2) gsin ¢
B =| ~ (“ sin gsgn (¢ + Cow » {F} = (L/2) ¢*sin ¢ } ;
(M COs ¢sgn ((b) — sm(b —(L/2) ¢* cos ¢
o1 o0 .
lo] = { H 0 (sing) ] 0 0 ¢sm2¢
Np =0att=0.237Ts, ¢ =45.54°.
9.2 pii + (ETw”)" + pg — f = 0; either w is specified or (EITw”) =0at z =0 and 2 = L;
either w’ is speciﬁed or FIw” =0atz=0and z = L.
dw,\> 1 (0w, \?| 8 dw, dw, Pw,

. 3 (0w, \? Pw, 1 ow, 2| 92w, Ow,, Ow, %w,
—pe + F 1_5<3:1:) O0x? _§<8x) dx2  Or Ox 022 T fe =0
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9.7

9.10

9.12

9.15

9.17

9.20

9.22

9.25

9.27

9.30

9.32

1 2P iR 2
—uLd + — 24 L=
S il + N 16L3 (347 + 24q143) + —pgL =0,
lL..+47rF 3rtF ( I )—O
2M a2 7 a2 I3 q1492 q3) =Y.
lL,,+7r2F T F [ 3 3Jr3 2+3 2Jr1 2
2# P1 oL n I3 16101 16171(]1 2p1p2 2101(12 q1P242
2 2
+—pugL = —fOL sin (2t) ,
T
L+ L, gk 3+ + S+ g+ =0
2# a1 2L I3 |16 ai 16171(]1 2(]1292 2(]1(12 pip2qi| =Y,
1 i 27T2F 7 F [3 1
SHLb2 + ——P2 = 5 2101172 + 2(11102 +P1q1g2 + 23 4 2pag3 | =0
1L“+27T2F T F [1 +3 N 203 42 _o
2M a2 7 q2 — I3 2p192 2Q1‘J2 P1G1p2 Q2 pz‘ll = U
p1 — pa cost ) —picosf+bpy 0. 3 0
mig =————, mig=—""—"—" P =0, pg=magsinf — kz,.
P (cos 0)* ? 5 — (cos6)” ! ? ? ?
. . H
¢:%7 ﬁ:%’ pl = —myg <?—w> SinﬁCOS’Lﬂ,

Py = —% (I — I3)sin 28 — mg % —w) cos sin,
A =1, (cos B)° + I (sin B)° .

H =2mRR —m (2R — L) RQO? =0,
E—H=2m(2R— L) R =TQ.

Define I} = myk2, Iy =mik3 + (m1 + ém2> L2
Case (a) M = I,pd + 1,00 + % (I — I) (sin20) Q20 + ( my + %mg gLAsing =0,
E = Lo+ 1,00 — % (I, — Ip) (sin 20) Q20 + ( my + %mg gLAsin® = TN
Case (b) H = I,00 + % (I — Iy) (sin20) Q20 + ( my + %mg gLOsin® =0,
E = 1,00 — % (I; — L) (sin 20) 020 + (mq + %mg gLOsing =T'Q + F¢q?>.

2p3  cosf
9ImL? (sin §)*

1 . .
§mL20 1+ 8(cos 9)2} — 4mI26*sinf cosf — —mgLsing = —2F L cos b,

P2 = gmL2zlJ (sinf)>.

1

mR26 — | =o,
5+ 40050)1/2]

2

p5 cos 0 1 .
——=——— + —mgRsinf |3 —
mR? (sinf)® 2 g l

= mR%) (sinf)* = Zm (gR3)1/2 .
p2 = [T+ I (cos 0)°] o - I¢¢'>cosﬁ, ps =1y (6= teos )

1 1 -
R (me+5h) ‘m 1o (52 + pacos 9)” + T +mgLsin§

1
I =mL?(1+cos ) + 51 (sin 8)* + Ip
w) 72 - 9

1
mL?sin 0 [571 sin 0 + 2,4 cos 0} =0

ML
YL=0, Ay =0, Xg=7,cos0, Yg=7,sin0, my, = Fcosf, Ij,=—FDsinp.

1 —2F
[5 + 4 (cos 9)2] No — mL? <gﬁ + 4#%) sinf cosf = (mg —2F) sin 6



9.34

9.37

9.39

9.42

9.45
9.48

9.50

10.1
10.3
10.6

10.8

10.11

10.14

10.16

10.19

11

1 1
[gLQ (cos0)® — DL (cos 0)* + D2 cos 9} Ay + [QD2 — §DL (cos 0)° (sin ) 42
=g [D - % (cos 9)3] (cos§)®, 4, =0.

T1=0, J2=8, %1 - —cB—cs=0,

m [LQ + k2 (sin 8) + k2 (cos 5)2} H1 + 2m (k3 — k3) 41792 sin B cos B
—mk3y, Q1 cos B = Ay,

me3y, +mkriy Q1 cos B —m (k] — K3) yisinBcos f = M — ey ).

. . o7 . 2 . .

=7 Y2=0, $Hh-ri3=0, <7"2 + 3R2> Y2 + 217192 = 0.

)

-1 9. —2F
4y =0, 3 {1 + 8 (cos 9)2} A — (4*')/% + 51/12> sinf cos = (mg = 2F) sin 6.
= B, mk3, + m:‘{%ﬂﬂb cosfB+m (/i% - H%) 1ZJ2 sin Bcos = M.

1L cos B4 Fysin (0 + §) =0,

(gmlLQ + m2L2 + IQ) ’:)./1 + <§m1 + m2> L")/Q sin 6 + 125 = FSiIlB + NB [¢0)] 5,

I [cosO\?| . 1 . .
m1+m2+m3+—1< ) 72—1—<—m1—|—m3>L('yls1n9+’y%cos0)

R2 \ cos B 2
I . . sinfcos® I, . .(cosf)’sind
—_— PR —— + - _—
R2 Y172 (COSﬂ)2 RQ’YQB (COSﬁ)d

:_FCOS(B—’_G)_NBSin(9+ﬁ)+k(£_£0)a ;71:9, 7226
Xa=7,co8(0+08), Ya=4,sin(0+p), vasinfg—LI=0

2
. . T
[m1 (1 + %) +mc] 04 — meh@sin B + mehb? cos = R_1 + (N + N¢),

1 .1 - ..
<§m/{“{ +mch? + IC> 0+ Emnfﬁ —mch [i)A sin 8 +wva (0 +ﬂ) cosﬁ} = — (N + N¢) L,

Smad (i +4g) =T.
|o1] = 3.135 rad/s, 6 =86.96°, AHg = —3.130I'7, |@ws| = 0.1667 rad/s.

w, =50rad/s, w,=450rad/s, B =83.66°, 6= 86.82°.

@ =7.2902 (107°) rad/s about an axis through the center of the earth at 0.1558° from
the Polar axis in the meridional plane at 90° from the meridian of impact.

Precession about the z azis; @ = 7.5947 + 6.275k rad/s @ max (0) = 45.91°;
@ = 5.5347 + 8.766k rad/s @ min (§) = 13.57°.
Looping precession, min (6) = 53.130°, max (#) = 53.300°, ¢ = 0 at 6 = 53.199°.
mglL 1
7 T Trmr®

2
1 = Aj cos (w—t—l—l/l) + Ay cos (ot +vg), w?=
o

0 w?
0:§+Alsin<—t—|—1/1>—Agsin(at—l—yg).
o
'\ o, r
— 1, t>—— —=0(1).
c >4 t> Q' I (1)

[(I+C) (cos0)® + (I' + A) (sin9)2—|—A} Y+ Ipcosh = py,
1 (¢cos€+d)) =pg, (I'+B)0+(I+C—1 —A)¢*sinfcosh + I¢psin = 0.



