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Firna/ 031 5Sns Gre different o fimide
1Dt Frons cCanncl be added as preper vecrors



72

Yp iﬁj are perpendicular so that w-o= 0
E0Ox2n 81 +/2/+ 4k radfsec, o= /2f =6+, k

60  f82422 4 4% -
So (§4+/2j4+4k)(12/-45+4k)=0
6 -T72+4u =0 L =-4 ffsec

ws=

J:.//Z".}- (-6)*+ (—é)""—‘/‘/. 70 Fifsec
R = /e = 14.70/(207)=0.234 ft or R=2.8) /n.

a,= a, :ra)2“=0,234(20ﬁ)z= 923 /é/;ecz
or a, = /1,080 in./sec =




7/3 Q= wxr ¢ wxlwxr) r=0C =g

U=wxr = 3oo = 3oa(lé_i_-/2j-4i_f) '—;—'-"

N W
O NI~
R NN

¢/ K
A=wWxy = Jo(300) | 3 2 6 |= 9000 (64'5 + logj —G?I_a}
ST b -12 -4 pa

= q}/ejrzﬂosﬂ(-c.%)z = 9 2038 = 1285 mfsT




/0 _

—_—

/S

o.ss?} d=337°

Alterneatre

(@)

Alternotive (6)




5 | vy = wxe = (-4j-3k)x(osi +1.2j + LIK)
—0.8L - L5j + Rk m[s

i

The rim speed of any Punt 8 s

Vg = \/0.87‘1-[.521—21 = 2,62 mfs




/43




7| w = M 27(200) 54 5 redys
! éo 60

W= 40 rod/s .
i 2 2
Law of Cosmes W' = W, +w) - 2w,w, cos 6’

w,
* 40%= 20.9%¢ w;'-.a/zo.f)wz (c.5)

2 -
GUZ —20.9:0,_ -//6f =0

- 2092, 2
Bl = *é-—fg}/zo.s’ +4(1167)

= /0.47 £ 35,65 , Wy = 46./ racys

/\/2= ‘—42%:'],/60 = 440 rev/rmin




1
o

7/3 ) :(fsinG':tcose E)(_Q ; o(
r=dl+4&;-hk

C gwe )

-LCosO . + (chnsG!-\r\Sfr\B)J - 2sind li\]

XT + wx(Wxr) gives
a = Q)‘L[(h sm0 cosd - dcosté) L-4] + (hsinte - dcusesin&)g




19 | «= Qxw=06kx2j=-121 radfse’
GpZ WXL +ux(Wxe) @=L,

(_’:i': % = -L2L rnd}sec.z

L= 34j+20k in, (for g=q¢)

qug out algebre o sbtan
Gp = 358) - B0k In. Jsec




- 30% X 47K
127y rad/sec?

N

7/10 l A= X Wy ==L Xeg b

r= sy + /0K so2.
) L J &k
Vs WXL = | 390 0o 97 :_977'(—4_5' f6_J'—3é_r) m/.sec

o 5 /0

P\

:(_,_(')x_r F @WRfwxr) = XRO + WXV

2 .
= /2mr 1 X 5 ./—/Oé_r
4% (% ) + -3r o am| 57

-4 6 -3

2. '
12077 Y —s200" —725 2~ gom Pk

i

5w 25 +18k) 17 /sect




7/ K ‘ w = &t
e o Jooo (27)

when ¢ = 23ec, &)= —

&
y\ ' =100 77 1od/s
N X S0 o= 10077/2 = 5077 rad/st
\ 1 // o e = sorrt
/' e
\\ A @, I; w, = Somrt k rad/s
\ *30% . .
\r\s?\\ | X =W = 507k +S50mE L
_-(?-: 30‘)(2’7’/60 e 5‘,& A"=_ka
= /7 rad/sec - ;K\A’
- (s x—
Thus fort={ss, = (V3/2)0¢

X = Sorrk + 507 (5)(V3f2)m
= 5‘0#/24‘%— ¢ +k) roa/st

(A/ofe.' Total angular velocity 153 W= 1+,
Jg{:g} = __Q.i—a_c')v = 9 +‘.f')o)



7//2 | W |
- Jpace Cone w

Law of sines ’f_ 40.9°

o
'J'/'fle o 5/,7{60 5) ) 5=)‘an

W = 26.5 rad/s

~ &Jl"-fo md/s

w O
1(5/36‘0: cone
degenerates /a
a #at plane

"*Baa'y come il
w =205/n60°:17. 32 3

J’o"/,




7/13 I N=4x2m=8n rad/s

- 9/4 w

$1n 14.857° ~ 5in (180°-30°- 14.857)
Srn 135.143° .
= grp 22020000 gpace \ O
W iads cone

= 69/ rad/s

Wy ® 69./ cos /14.857°
s 66.8 rod/s




TN | From Pros. 7/13  w = 69./ rad/s
W= 69./ (L 5tn 30° + ke cos 30°) raa/s
AL = 8k rad/s
A: QX = §rrkx69./(( 5in30° 4 k cos 30
= /737 (0.5 #¢)
X = 6’69;/' rad/s?




7//5] (_’{.):5_‘),9"’—_(_2

N\ w
2N \ .Z' 2 2k+ 0.8 cos 30°k -0.8 s/n 30°¢
\ | T —0.4L + 2.6k rad/s
w = ¥ X—~30° - -
2rad/s \\|{1=0.% _
red/s ®=Lx “n
~ ‘¢
w =0.8(-0.5( +0.866k) x 2k

]

/.6 (0.5/ ro)
0.8) rad/s?

'R
"







=2k +0.8(]cos30%+ k sin 30°)
W=0.693,+2.40k rad/s

'R
n

Wy xay = 2kx0.8 (jcos30°+ ksin30°)
& = —-/.336_:_!' rad/s?










7/20 ’[= OB = 120 317 30° L #120 cos 30" + 200k mm
~60( + 103.9/ # 200k mm

W= +a, = /o + 20k radfs
Y= WX = 10(C+2k)X(~60L #/03.9, +200k)
= /0 (-208¢ -320/ + 103.9k)

b= ‘0}/208 24 320%+103.92= 3950 mm/s
or V=395 m/_s

a:z Q‘bxkrf W X (W)
here @ ol WXW: WXL, = (0L X 20k < - 200 ’_g-f'
WX = 200X (~60L +103.9/ + 200k)
2 ~ 4000 (104 + 3K ) m;"/s
WXWXF) = cwX VU= r00¢ +2A')X/0/-2084 -320,/ +103.95)

= /00(640¢ -520/ -320 )
a, 24.06 52()J 440k m/s2

Q= VZ‘»‘-a +52.0% 1 440%= 72.2 M

52



721 | &= sin 4t where G = f rad 0127 raclfs f=1=7 rac
-6

/B—;-oA =4 "'4/ 9J+/e‘l‘+/ﬁ"° /3-0 k= 03
J-—_ﬂ.l.-“-—ﬂ'l 9*-‘2—’5501-‘/12'f €="-3—51n4ﬂ'3"

W= o =- 2L cos #ntlj)+ nk

- 3

x=Kpn= L 5in 4t (j)+ 2 272 s et (i)
L

(a) I‘:i'-_s' w = - j CosZn"j)-/-zr , W=7 _%’I'+l¢)

g:%ﬂr—s;n.’!n(_/)+3—cos,2ﬁ() 2(:33.”_5_[

2

(A)f-'J'S) _"_J=~T23—”—cas§(J) +JT»€) e =Tk

/. 3 g3



722 l Vg =r=0.220 (icos8+ ksin8) m, 0 = rr rad/s

fa) ¢t= z'.s) Sin 4t =0, cos&=cos(8,sin¥nz)=cos0=1
Sén@=5in(8, sin¥R3)=5/n0=0
r=0.2200{+0k)=0.220{
U=xr = /r(~£’-’_j+i<)x 0.220( ,v = 0.22071(}_/4 ‘3—’@) m/s

or (_4":0.6‘?/\/'4- LY@k m/[/s

Q=AXL +WxY
3. i ) ,
ZH°[ x0.220( + ”{'zé{/+,é)xa.220ﬂ£/+§f£)
+a.zzozr‘(-[23£];-_¢‘) =-0.2207*(/+[38])%)i
or a==/1.704 m/s*

]

n
N




7/23 |0¢= Z4m' /3 =0./0 rad/s consi, /3=50°

,Ia . £=0P = (22 5107 30°){ + (24 cos 30°) k

s

P

= /2 +20.78k m

w = 5{5‘2“’")/5 + Oloj = 0.209k +0./0/ 2

V=Xl =(0.209440.10)) x (124 + 20.78 4 )

I
l
|
| L.
' =2.078L +2.5/13) -2k m/s

AT

where V=V =Y(2078)%r (2, 53)2 4 -12)% = 7,48 =

Q= WXF +wx(wxr)= XXr + WXY
K= w=axa, = 0.209k x 0./&f = - 0.0209, rad/s*
F2 XX = -0.0209¢ X (12¢ 42075 k) = 0,435/ m/s2
v = (o Za?grko./g/') x(2.078¢ +2.5/3/ - 1.2k)

= ~0.646L + 0.435/-0. 2084 m/s?
Q= -0646¢ £0.870/ - 0.2084 mys?
2] = V{-o.é% )% (0.870)*+ (0. 209)% = /. /04 mfs*

NS
"



+ W (wxy
With %= 6j -8k railsi) £ = 08L +13)rllkm
and @ = 0Lty = Ri—4]-3k rodfs; ue
ostatn

Qg = -1R.50 —104) ~13.6k m)s™
Qg = Jiz_51+ 10,4 + I3.6°

= 21,2 wm]st
(5) % = 2xw, = Rk x (- 49 -3Kk)

= 8L vad[s?

X XL+ ¥ (QWxy)
With %= 81 Yocl[s") = O.SL +13y + |.|g m,

W = Q4w = 2K+ (-4)-3k)= " Al -k vy
Wr abtawm ap = -?.5;-5.53-3.7\\: mst
Qp = /8.52+5.6% x 3.27

—

= 10.67 m)s?*




7/25| W= 0k +)i - cosr) -a,smnrk
¢_¢5=_n_[§ +a:_z"+£uoa:5/}7,}j/' _wae:osa’:/'
‘%d"wsa‘_{'\' -a)os/hd',_(-.

Lohere 1L =<4 rad/s cons?.
‘ w, =3 rgd/s 7 r=30°

= - Mg rad/s
4 (=xi=0bxi= L i xj=Dkxj=-Qf Kznhek=o

=8

SO x=o # 3—_{7,! # a{,a:S/)vr;j f%ﬂcosa’_z.'-%dlmsa-fwo
W, Q@sY L+ FA+W, 7)) - Wyycosy k
3(4)(0.866) ¢ - §(4 fjxo.S)_{'- + 3(74)(0.56)k

= /0,392 - 4320/ + 2040k rad/s?

]

o =l | =Y (10.392)% + (4.320)2+(2.090)% = )/, 44 raq/s?

w = ~;l£' —300.566) ) + (4 - 3x0.5) k

= 0785, -2.604 + 254 radf




/sove
B=13.63°
= ..2.1.7': f7/2 I"ﬁd/ﬁ'

»7/26 Srn8 = J?/_ = 0.2357

lowof Sines
W N . TPT

SinT S ) SnA8

| [Lx 2 | = co s/ 457 = 02T 50 450
Sin/

St = i (180-95 - /3.63) = 0. 8539

So - _}_r 2 0, 9539 -
ol (2) Wamw = 6.32 raa/s?



h
Q But cos =
: o = von
| 2 2
0\ = UVr #h
- X o - rh -
<N _Teosy Yo '
ST@ AN = UVt el
w = cons? so g:—-_(lxg)
a=-Y— ¢
- hcosy ~
2z
50 &= - hx oty
heosg ™ rees hreesd =
z
- -V /r '
& = hZ(l/)-f—?:)-‘—/




» 7/28 For 120 8=0 and position vector of B is r=4i-84in.
w, = -f=- gjﬂ'gg_sjh‘f = -z-i-zzrad/sec for t=0
= 2 rad/sec

@
x

W= Ltk =~‘—z’!—1£-+2ﬂ.é radisec for =0

S=wXr= __,+2né)x(44—5’£)--4/7rJ —m?r(‘/ 4;1'{2-17)/ in.fsec

or U=-/435)in fsec

A= WX+ WX (WX)
oo e & . i T , P 2

W =W L+, d +aﬁf+w2_@ =+2—f.5’lt).$¢n3)rf_£ —zﬂcp.;3n-t/a,)n!)

+0+0

.t _0 2/_2‘_ )ZJ ——R'J, A= w_—/zJ——3/0J rad/fsec®
- (4&—3&)+/ E—: +2m€)x41r(2-n)J
/611"'/71 /)¢ +2n¥/c . fsec?

Q=335(+/94.8 4 in. fsec?

JSo

[\




_’ﬂi‘?_l Angular veloctly of rofor /s

W= ph -gi | K=dozpk gl = Dx(pk -5
where Q.= anguwlor velocily of axes = -4l
Jhus o= -glx(ph-gt) = pgd

dew
or Sfrem K%. 7/7, X+ (;;f)xvz=94:f.1"‘.‘.?

S pe X (PE-pL) = ppy

—_———



7/30 l W= #+p = 4L +/0_{r) w=Y¢ % (0% 10,77 129
. £ = 3

=2 x Pz 4L xjok = -40) radfs?



7/31 | Angelar wvelocity of X-y-2 axes /s [L=4¢ rad/
= 0.4(4)(~j) =~1.6] m/s

_g /-4ax03j-/2km/5
Ypey=0.3(r0)(-L) = =3¢ mys
Jo ul;:q.s, +1.2k -3¢ 4 --3z~/6j #l2k mfs
@, = G+ axr, +ax(Qxy, /)+2nz Vet + @rel
a.- 4(42)(-/<)--64k m/s?  n=o
QX (XL, )= 9ex 1.2k = - 4.8/ m/s?
20x Ypoy = 2(4¢)X(-3¢) =0

2y = 0.3(10%)(~j) = -30/ m/s?

Jo G,:-644-48/-30/ By -34.8/ -6.9k m/s?




XW =-02)x 12 (~5in@ L #cos6 4
2.4 (-0.5k - 0.866¢)
—taw (V3¢ +k) rad/s”

w
o <-4

(N
1}




7/33 ,/’%g angular Ve/ac:'#j @ of Hhe plate (s o= 904(- +6£

Inx-yg-z ,/LEQ __ﬁ,é-f_o (=0 4‘_[::-0)
TxyE gy oy # =

So ,éjf Eq, 7/7 gXYZ :(gﬁx\(‘z: ¢£¢ +9!x(¢_é+g£.): ¢é—95§j

or, by straight ditberentiation,
=/d <Pl 1Pk g g d 2
g’vﬁ-/#)xrz =Pk +Pk+0 where §=0§ i=0

But k= bixk =_gy” Sz= P+ PL6))=Fk-69]



In £g. 7/6)
o .y b
L{S—_EQJ’A gler/B» 1/—-l ffaf¢’—0) 1,-':.  (for $=0)
3 Yy
-%"_(./é"':.f.leﬂ/e"“,ﬂd)_ -’eeJ‘f'glxﬁ. ﬁ¢,‘!’
=k -
%= (5 9-R8);

__ b a2 = =0/ =
-rel__ﬁ(p“"ﬁz—zgé){}—g' =2
-A"'-‘-’s*‘-_@*fA/g FLARNL, )+ 2Q %ol + G el

~a“

% 4+ 0+8ix(6ix 2 Lygj-4
~ ROk +0+8¢ zxﬁt)+29zxf¢J 1"¢ i

=-R*0%k +A1/"6’¢’A——f w‘

"\

7, = (-6 +bVZ )6k -

b

™

¢%

or _aA=-

e

5 - (RE-b4TH)6



7/35 I Angu/df' Ve/pa/q of OA is cw= —,éj +p .s[nﬁj + (p :a.r/d +LL )_é
L] (d[] +£2 <[]

£q. 7770 [] «, (¢ XYz
) =0+ pﬂcas,ﬂj + f—p/é.ft'nﬂ-* o)k
n.xw n_kx(/ez #psinfy+ [peosp +0]k)
=-_n_ﬁJ ﬂ/):rn/el
o = (pﬁcas/s -_n.,s)J ~L2psinfi -'/J/S,s;n/ﬁk
A =-1Lpsinf i +ﬁ/pcuslﬁ—‘n.)‘-j p/emnp_l_g

So




WED Up = Vg + W X Yy

Ga =G + W X Lo * .O.JX(HXEMB)
W = L4 1~I.2=] rodlsec, 3 C_._S‘-‘ ‘2'34-34 rod!sec.?'
Tajg = 5L ft [y = 3.2§ ‘Ftlstu) Qg =4 ft)sec
Substiharen and S\'}n@\'rﬁ'cqtim yied
Vg = 3.23-6k ftlwe = Vg = 6.8 ft/sec
Qg = ~1.20 +R4] - ISk Fled > aq = 20.83 Ffsec”




/31 |t I x%y2r2%=0?

XX +YY + O = ©, Z=consh, [ =const

- = X v = 0.3 4 - _ - :
Y—-UA'—- YX—-—Z-._;:4-- &Emis ( V—://r,}
) l J K
v = | = = -
A.‘.j 4-— W, wy Wy
‘0,3 0:2 006

(!wx +J W, + ke, ) (~0.3L +o0. 2/ +0.6k)=0
Expand, eguare coeffrcrénrs g gct

Qéuw, -02w, = - & ()
“0.6Wy, -0,3(,02: Z£ (2)
0.20),‘ +0. 3¢v = 0 3)
—0.3wy +0.2Wy, +0. 6, = O ()

Selve Ju;nu/;‘arreong’, g gef
Wy = 7.35 raafs, w,=-490 rod/s, T 5.3/ rad/s
Yp=- 6.._/' mfs




7/38 I Ang

wlar veloc/ty oFf axes /s N=pi
[ ’ w

/ ' ‘ ’ A " :ﬂ—/j_g'
X2z Q-Bi-PL =L ~fe - xS
=0 -pi -pps
] 27 5

e A AE - e A
(a) before, pBeap =pdp /3'/37/53: 2350178
= 0.00388 rad/s?

= - "-' ——2_/7 / i 4 . w Tom R
&K= -000388¢ 7io ol < _(3.33_4 + 31.4@.)'03_?;:_"

@) atter; f=0, oL=-3.40016%)/ md/s*




s

]
-

Vechr Co L docs nol chamse
; s &£ 7, -
ar[cnib som 5O d—z/é@f) =0

- Pyt
. Aceel ¢ se
) oS e
TE L Aepaylope ek




V|40 |LeF 7 = arngk befwecrn A8 g y-ox/s

Anja/&w— Vc/aa/(j, ef A8 15 _6_0='J:__4' + Nk

¥

So 9{:55_——2;_[-2'_(_;'7*-_9

Bult 2=Lsmyp vA=é=li‘wSD’
. v ‘o

g t=0=-LF sy +LTcosy

. 2
50 = A - g = J
T= Tosr Fram) e

?‘: =7 zz‘ana" = 2%(3/2) = 3 rwd/sec?

Also _[:-.Q.frx_o' =Ny'= 2) rad/scc

Thes X= ..39' -2(2y) = --3_4'-45,:' rad)sec ®




78| | Precesssor s Sread, So N=ALxp
A= 477-An X /0/7;/' = —4077'2/,‘ rad/s?

-4,4 fn.x_ +fo/_('2x D)1 205 Upyt Qpe)

.= x(.(le‘) ‘Gﬂ-é = —0,3(477)1£'=-%5’/7‘2_&' m/s®

Q= "0 A XTa, = 4wk XO./k=0

I

VYre/ = /.o XIap= 107/ x 0 /k= TE m/s
2R Yoy = 2(9mk)x 7L = 8% /52

__Q,,c/ = /gx//gx_/‘;q/o) = —0./(/0/7)Zé = -/0/72 m/.sz
G,z ~4T7 L 87y - 0%

-—

= 27%(-24L +4/~54) m/s?




g, g =-Rai 2k, ryy,= bswlﬂJﬂﬁbtv.rﬁk, rd=b/6/cu,8l/—.rm/£)
Y=-Rnl +ﬂkxb(a‘m/9J+ co:/ek)+5/0(co5/9J Sinpk)
Y =~ (R+bsinp) i -.Lb/@ eospy -b,@:m/ak

a,=4 +n_xr/ +2x(pxr, )+ 20xg el Trpy
a, = _,Q.Q.J).{L ﬂn..x(.n.x ) _r)_kx(.ﬂkx,b[.s‘mﬂj‘*cosﬁk})
ZOXY g = ZJlkX.b/B (cos,BJ-.Sm,Bé),ed-bIB (s,n/dJ+cw/9k)
Combine, collect terms, 49:1‘
a,=-2b0p cospi - (11 [2+bsmp]+b/é‘.sin/6{j—b/B'zcas/s_l_:




7/43 l._(_l-‘-'anya/or velocrry of axes x—y—2=5£i{j=/7j£51"
?_J"=_UA' :_Ué *".(2’(.&/8*%/
where Ug =77_’_./X_[;E :77;/':( (~0.18¢ to. rk) =”/0'/£'f. 0.184) m/s
—QX_Q/B = yx0.le = 0.tk m/s
Urel < ph 1y, = .‘_Zioﬁi’)g X044 = 0.87f m/s

o Go
Collect ferms g gef V=lr(0./{ +0.8/ +-0.08k) m/s

Q=@ = Qg+ DX+ DXOXG )+ 20XY,, F8y fmo

where @z Ax(Qx I, ) <My x(mjx[-0.48¢ +o. 1))
Sm2(0.18¢ -0.0k) ™M/s?

/g) ZTjX(~0.lmk) = -0 /73 mys?

X Urer = 2rjx C.80j =0

N

x(Q2 x 1y

N

Cresr= BEX g 4 tasg p-£) = 0-(87)%0.1( -6.27% =
ferms g ge’
Q= -0/ T -6 +OINY -0t

a=-r%6.32¢( +0.1k) m/s?

Coltlect




744 l Angular velocily of dresrnr /s

W= (-p coso) +9‘_‘/' bl Sth® » )bk From Ep. Y7
9(=5b :(pe'sz'n9)_c' + (/:ae'cos@)_/r ¢t N

But angular vefocity of Gxe3 s D=0k o

oL = (/019..5/}7 &)L +(jp8cosB)br
£ Nk x [(-pcoao)_f' +8/ +(psin & 4.{1)1’,]

(o8 5th 8)L + (6 cos8) k - (pLcose)) -n6¢

é(psine -ﬂ)g‘ ~-(pncoss); +(pbcesd)k




7/.45|,4nju/ar' velocrity oF axes _Q.=_Q'Lr
" " /00'70/5 _&i):—g:/ -/-.fz_A_'

L radfsect

= 0.313L ~2.43/~0.1083k Stfscc?

Wy #h 2, = 2,45 Arac?



7/4& |,4n_7a/ar Ve/oc}éf of Y‘
X-y-2Z oxes /5

N=-wi+w,T

V=Y =+ QX + ¥, =
Wl?cre Ya=ba, (—é—):-bwz&
mfém-f-%é*wz_i)x@'-"-—f:aﬂr
Ypey = —rbé

~re/
s Ys-bwyk —rw, k-rpd < ol - (e 4 b4 K

a=a,-<a, ,L.(ixr;,/a QXX Lpe) +2AXY, 42, ,
whiere g --éw 1,
-Ll--w(.*-w.]‘-—wﬂxc = W uy k
ﬂx(.a)(_A/ )= (-, L+, I) x (-red k) == rad (w W, +ayé)
20 xY, -Z(—w:,+wj’)x( rpl) = =2rbw, k
,--rp_/ ﬂxrﬂ,ﬁ-wuzerd-—rqu_

jab.fl‘//uf-e combine &/ Ge’
a = - w, (buparw, )i -rlw% ply » 2rvu, b




7/47 L1 = anguw/ar velocity of axes K-y-2
il = ’" “ w simulater =+p
LeF N= angular velocity of frame =0.2rdfs const.
P = 0.9 rad/ls Con&ff) /3 = 0. 15 rad/s cons?.
-_f_?:=f.p. +JA/605/3 -~k Nsinpg | p=pk

Wy o= 0.150 +0.2/ +0.9k rad/s

From &9 7/7, &=(F2) = (%) +axw
Yy

ol = (Q -_j A//é sing@ - k A//; cosd +g) + 2 "(-Q- "_P)
where Qx(D+p) = Nxp= (_4/3 fy’A/cosp -5A/5/'nﬂ))(p_/r
= L Mpcoss -jpf
P Ky = ENp <P -k nj
=02(0.9)¢ -0.9(0.15)/ - a.2 (o. /5&) rad/s *
= 0./8¢ ~0./135) ~0.020 k rad/s?




> T8 | From Sample Prob/em 7/2

- - rad
n=2z7 rad/{ec) ‘Uy =V3r rad/.scc’ €O, = 577 rad/sec ) 8= 477&—‘
Also Q=== -37 rod/scc
In gencral/ coz /—2"_L' + Rcos g/ +[‘% # AL Soi 3'].‘.")
for 3"=507 w = 77[—3} +V3) + FTk) rad/sec

From £5. U7 oz [0 /dt]iyy = [F0/d] gt Loes*
Bur [defat], = (o-aysingy + Rycostk)

= 6T (-5 4 Z k) = 37(4'# /5 4) rad/sect
Uhves =L~ § OupesX @ (W -k )xew = -k x o

50 Lopyes X0 = - #Tb X 77 (34 4 V3 #5K) = 4 (V3L 43)) L4
= = C

]
Thas oz 3m(~) # 15 k) +#1*(GL +3))
=7 3L+ +3V5h) redfsec?




> 7/49 ' w=Jp + %Eé:(pcose)l/'f-[p.s'fha,c '%”)A,
Angle dé measured 17 x-y-2

Y .
I\\\E JC: Furned by wheel 1 Frme dé /s
| ~ ) ot . R

CTDP \\\ A d¢ z E————(i ) So @ = 7P

F-IT ’ Py wep[fecoso +h(sine+ _’E)]

S

Angular velocif, of axes rs =Jp o
Rp|, aldy _rdl]

w=0 4 (‘?F}_lf, Now use /dé )r'/z_ (:/é_ »pya+£“£3

Noting 22 15 consknl m X¥YZ & uyz .

=9 = R - oxZ
Thus &=(ZF), = 04 0x[ox ] < Ox3Fk

_ " ’
&= [(pcas@)j#(psmﬁ)_{f]x -g’bé , Qc:{.’gfaaae)_e

. 2 ‘
or mersly &Koz 0+ Pk = LP(ax) et



> 7/50 l/fnju/ar vel, of X-y-Z 15 n =_1.'7sin9 —_jé thgcos 8
Q=2 & +.s_’2x_§/ tx(axn, ) +20xY,, +
= (=]
where &- -.6(32);/ = —394;/' I'n./jggl)' Ly : 6¢ -4k .
Q0xQ +Lgbcosg +O -hkgésind by £ 7/7a
= 96(lcosb-ksins) = &(/3i-k) rad/sec*
MK Loy, = § (V3i-k)x(6i-2k) 16(2/3-3)[=1.43] infset
Qx(QKE, )= ~423( + 743+ 246/ 1nn./sec?
2O XY,y = 2(4i-2{+4 475 k) X (+4[30))= 960 (-V3i +k) ;:Ti
a 4(30)*k = 3600 k in./se’?

Hre/*
G hert @=20%0( -364; + 4%t0k in./sec

WD +pL, ¥z Q+pl A 4p XS
< 8(73i-k) + 30(4L-2f +4lik) x L
§V3L +120V3) 4 52k rod/sec?

e




’7/5/ [Amgu/ar velocity oFf axes =2
‘" " " ’W’J‘"':‘_‘_)-‘-‘Qv‘-/o_/r

where b= /oo(2r)/éo = 1077/3 rad/s

Q:-aié+!'w'cosa’+_{ra_;’ sy u.)-_zz.z = 2T rad
d 3 5

= g e
X= (2= = (42 (lxe
- dt )xvz (drf )&yz+‘ "= (9. 4/
(a’w + 0= o_J-a;aJ‘.S/ha'+f\'3:w,‘053‘

't vyz (dt Lyz
Oxcos Qu(Q+pk)=Qupk = yp)+pweosy.

= [a'p - a-a)' slln a')_‘j +~ /ba.), cosa"__c: + a:w"cc)ﬁa' ../'..'
Substitute 3= 4 rad/s, p=10T/3 ragfs co =25 rod

- %"_ = /8.99¢ + 3770/ #7254 24
\52

K=V /8992 +3720%+7 2 = 42.8 ruays?




__’ 7'/52']'4""”‘/7 origin of Franséarims axes » 8
wrth X-y-# poratle/ fo X-Y-Z

Y=+ eoxin, § note that g)-gx[_/;/ax\!):a
where _‘{' = g =wni? vector iy Y -din

2g=ra) (-L)=-0.080(4)L = - 0.32L m/s

y-coord of A rs /0 366% 6780 6,200 2= 0.200 m

LAY,

MA/3=~0./C +0.2/ +0.24k 1 * . .
~A/B £ ‘=/l-' P Vi Ak
Thus z{;!: -0.32¢  +

-0./ 0.2 0.2
Expand § egamfe cocfficients fo sof
0.2¢), -0.2w,=0.32  ----- )
o. 2y, FO. 1wy == - =--(2)
O.Za)z +0./ w = 0 - - = <(3)
Alsofiaww, +/ i ] ' ; '
{. % fyaj, +_/_rcu£) L x[—o./_c +0.2y +0.2k )x/. ] =0
which Grres W - 2WF0 --- -~ -(4)

Jolve (1), (2) 3) (?) & gelW;F-0.64, W,=128  w;7-032
%:O,/S’O_\!'m/s) é£)=0..32(—2“'+4!'-ér) ,wés/ad/s




7/53 //V//'h wX;“’j/:O‘; a){_—_“)l

Moy Lyas ) o, 424,

,i—/a = = mbPlw) -2mb(- w) + 2mbil-w)k

- 2 1 o _ - g
ﬁa- mbw(_t ~2/ 25’) ) Hy = 3mbw

G =Zmuy = m\ow(é-ib G = mbw2



/54 | with w TW, =0, W, -w

X 2 f
%x‘ “Lea @y ) MoyT Lz Wy F0, L3y
= 2 = 2 = 2 2
.Z;“ meo? ]ﬁ 2me° JH 6m2 +2mb

H == mb (-w)i ~2me-w)) ¢ (§ml2ms? )(-w)k
He mbtuli sz - [E(Ye2]E)




755 I X-y- % are principal aves so

H=1 w [ ; 5=30 =
L7 L e 4 +'2;‘1w7.-/+'£‘2w2'é & /%0 gﬂ
I  =mk? = =-w
2z . . g s
=4/5(0.370)"= 6.16 kq-m A\[\‘

- F = ; - U __200010°)/3600
Lutlyy =Ly 44, =2, et
S0 I” =21, =308 kg-m =-/20.8 rad/s

w, =0

About G, H_=0+3.08(-0.524)] + 4.6 (-120. %)%

f/&‘ = —-/.6/.3j - 7‘/“/& /(jnm’“/s

About /-l)

Zyy =.2;, +md*=3.08 +45(0.2)5)"= 5,16 kg.m*
H, =

O +5,16(-0.524) ] +6.06(-120.8) k

Ha==270) - 744k kg.m*/s







7/57 M’}/; wx=a)y =Q

z
Eg. 11 gives : 3
- i : b
Hy= (L -1, j+1 k) zllb | b”Z Il
/ | b
———x == e g

o o o
Part L, I, ng {([} o) =iz po b s pbl6 e [L])
/ 0 0 3’/05 =4 pb3
2 o Ipt b’ i
2 3
3 ip _pb Fet




7/58 |
M/’/) Lu‘x =Cu‘7 = o) ds

I
o=15°— T4y

£o. 71l gives T
Hp ==Lt -z:ja“)zJ'*-Z;;“:'g./S s_A_N_i_
N=300

Ma.s.f per unit of s [s £ 2_ 0 _9 rev/min B i o
a.150 0.300

2] (s cos/5)(-55int5°) Hods
= -40.!0730 )"-‘-s-2 o150
=-0.0225 kg.m*’

Loy = 75 12§0.240%+ (0.300 ¢o515°V} = 0.1416 kg-m*

By symmetry Ix; =

H, = 0-0.0225(3.4)]+0./1416 (31.4) k

Ho =-0.707j+ 445k kgm'/s

w, =2 io;‘z”= 3/.4 rad/fs

= :21(3/4,(,) (-o. 707+ 445 k)

\1‘{
([}

/
29,
= 692.9 J



wx=cu£=0) c%:ét)’ Seo

,.E_"? 7/// S /ves
'/‘L/:Ff"{‘y 48y k7, )w

% iy

_—
e ——
—

0 4 w=w, Bu ¢ _7¥y=0 .
N _ _i i i
X% 2 _[yy-jmf.ZS/né))

g {y;_/yz dm = f(uasa)(s Szh¢9)/o as
. o .
where P Iass per wr)? /enjt‘h

3 2 .
S = S @coOse £ s Ll S8 crsO
'2:/7- f’ i 3 3

4 _/f;’:[_(_,'[a) ”'\/"'31 ml%/hzé —_/_rj—m.ﬂzlf//;;& wo‘ﬁjw

2 . .
= \}/-m,g a_).S/n@(! St @ -_/5’&045 5)




7/60 a)x = %:O a) =)
IX

So H= -1, d Wz  * 7, 2 K

-—_

H = mrw[ 2/2c#6/ {k]

- - 4r -
2 =0, Iyz-o+m( Jcr2 )}j;_z-_-?—



7/61 | About s, Sl
P

Hx'l= II('Q)(’L/O) _n_x

i 2
sz—/—2-4mb ), y N
Hy= (£ 4 me) 0 P L

So Hyz I(Qy+p) (L1 2mb7) 1,

= Zp + 2(I+mb?)N,
Stemilarly
Hy=Ip +2(Ttms)N,

Hy=Zp +2(I+mb*),

Thus H.=Ipletivh) + 2(Z+mb?)n

where .Q:_QX_L'J._Q :j.;_(zié.



T2 | ty= 17 4556 iz, o o
7 = (L 2, Lmr
where /7, = {/zmé * G Jw
-y: z’-mrz/p , /7,: 0
F=-gjrhk, 6= -mhw)-miuwk
FxG=(-4jvhk)x (rmew)(h)+ Lk
= ' béut *m/;zwz.:mw(hzf
R L
Thes ,, b, rt 2,6, 4 2
#h = mew (8 ‘g FhAZ )t gmr
? 1 '
lo= ($4F4h)mes +3m0py




763
_/_JFram @ 7/// with “}x=w1=a)

4, ——‘I;z"’:- e “% ASALY. £
" I = / (s casf)-ssinplods
0 ———||--x w/:ere/) -ma.r_s/um:" /enffl.
z: ! I,_!=0 =-f>nn/5:osf3 !’-/2-70 _g,nz”
b

_6.20/52.2 rzi/z) P
2_——_8//2 24 Snéo
=-0,0378 /b-Fé-sec?
r4
Izz‘ =.Z; Iszz"‘md‘l
= 6.20 /28 cos 30° 16V
S|+ (4]
-0‘/0? /b Fé-sect
- [ f - _ . 6004‘2{'
Ho= (Lt ~Lygj+ I k) =(0-[-0,0379)j+ OnORE)22222

H, = 2.38)+25,6 & [b-Fit-sec

From E?. 7//:? 7=2"_¢g-_/:/0=5‘1 _@ A,
- 1 booxzw 5 fE-Jb
- x 25.6 = &0 /



7’-64“| TIntroduce axes '&'—3'—2' 45 < hown.

' wxl'-—- w&\nd) w3r=0 U\)z,= (UOO.Su(

L

T = Iﬂ'd‘.: q}_—mr'l

I Eqo T yrelds
L1 Bq Ty
o /
ul =(4_"‘— mr")msw\xy + (lz mrl)tu cosa K

Rut)i'= L Cosw + kSine
k= —Lsm«s + k Cogak

-
>0
~
n
=

=imr7‘w [ (- sin «Cosog)'k
+ (anzo( ¥ 2(‘.03"“)151

"l Hok
g= Cos <:H_-)= 496 for w=10°




7/65 We#h a)x: %:o} w}:w) Fhe compornen’s of
£y are -1, 4 4 "73; L, "’{7;4@“)2

By inspection & E;

= . B| |
2y3=0,1,p=0 :ﬂ

|
|
' b 16
___._...y x—_.-u.___.-!__.‘

Gpj~d
Loy = al | RN
l’-'l- (-Z%+m ) 2 2 g2 x b\?\ \‘HJ—
2[fm(2sing) s m(p* L5y ] !
om [—'3-—62513'?2/3 ,_bz] b 4

Tha s {‘_7'0 = 2m [74-125,;;2/3 ,Lb‘]wl_r




7/66 ' Let = angular velocihy of x-y-2 about Z
Ror axes! O =-MLsin 6, nyséza, N,20 coso; n=27F
Capsule: W,=-0 sine, @70, W= NNcosd +p

_ ; /2 . . .
Heo = B = MK (~2mf sin®), /—/Gy-lg,ywy zo
HG;[R Wy = mkV_Zrzf cos8 *p)

Hoz 2mm# (-k'*sin6 £ + koso ) + mk'nk




wa:—www S Ye %
5 7//4} f’é: _45+5“xg,5:b_',g‘m%
OBXG = b&K(—-méf«’J k) :-,Zz:’ij'f{
Lex=Z = mr 4/—)’~Z zj 7 r:[ow:];“:{"':_o
mr ,DA‘

£9.7/1/, Hy=Fmr /‘U)L*Zmrw /tz

2 i
ml‘w X2 +mw /6 *IZ)J ¢Emr/9_/f

anJ f‘zll""]

-

So £ =-3

= Frrt [ +('*4"z)

1
\,__,

—————

2
T 1+ % )w il




7/68' z/ \ : =
\

‘ ! to \|B w -y
Use princpsl axes x'y'z \ L -
6)3' = &Sln@ \ ﬁ)zt = (,,)C,O,S{S B s 3

' - ] 2 i = R
IH 2! 0) IZ'Z’ = mr ) Iﬁ 31 %MT
I'x'b’ - lelf =0
Ho - 1\3'3' wﬂ'il+ Lorp Wz k'
But (j' = JCoesp+ Esinp

K = "\';S\}\(c + K Cusg
= Smro sn'r\@ (\_‘ Cosp y k Sinp)

+ v Wces B Cisinp+ k Q&F)

= mrlh) ['i'S\.nZP:,'_ + ("JZ-SE"LF)E]

T=%w H, = Zmru*(I- Jis{n“s)




7/69 l Xy z' are principal axes of rnerrra
St =/ T
© -/-(76/9' & ‘Z;'x'a;i *;/.{y(y,a)y f'_{r]z"z.a)z

where = =Lpmr? = 4 2

X’ z Ty
Wy, g, = p, o
SO f = :#Lmrzaj_é' # ;_.Lm”z'_/' = 2—/”’”1(%0_"*"";/)
- 2’-5‘_5'_2(,&2)1( 07 + 907j)=0.l26(¢ '+ §/)
/é—f)‘-_se-;
7= -é_é)-_o, -,L..z’_q_j'.g =é(wf’+€J)'éLmr2/;££' -,L/O;j)

S 429+ 63.85
= 148/ FF-/6



7/70l r=/00mm W= 4r radfs

b =200 mm = Uv-:- = bw = omraqys
m=2 kg r
_y 4’-1‘7 7/1) holds for porm? O as

w
/(Q’ a Sfrxed pornt on axis of aish
w =) 2% -—,b--.?nmo’/g cd Sw= 477;”4'

/\
\\ %ey= 9, J.ryy_i’”’z‘“/z[o /) 0.0/ kg:m*
o - L -
'Z.;Z 9, Ixz'o; 'Z—zz' 4mr+mb '2(3 2 +a.2)

= 0.085 kg.m?
S ,iv’ozl_[ “) +A,[ C‘)Z :J'{.—Lmr"z/b) *_/_r(;;.;wr‘+m62}w

Yy
'l_
mrw(-zi%_ +[z+ 7_}}5)

=200 (-3 2/ +[z+4]l_f)= 0.25/(-J +4.25k)
NS

—2{—(— F@'#--ﬂ/ré)-o,.?i/(y'f 4 255—)
3./5t€6.7/ = 287/

i

7= w-H,

L
2

"




7/7[ I 2 Lefp=mass pcrbu,”-f of /Oﬂﬂc/‘area
/
25 [ (-heos o)t sin8)zcp dl
=6

- —

v =§y FO by symmetry
L1 = I, +md? for each panc!

fu’eiz"““:; [c*+ (2bcose)’] + dbcpar £

2 2
= 456/3{-;- + J-QCasza +a.z+acf

Ror /bi‘bd

f'/o"j,}zw;." tLwak | m=abep (fotal)

" ’ 2 z
H,= %‘-bzw sn2e L + maw {; +§cosza fa."fac}k

&y J_ymm:ry,zprl'ﬂd.pa/ axes are O-/, o- 2} o-y
Z - m{g—éﬁ fa.afacg (max)
Ly=m {-S-sz-a.zfac f (1hfermediate)

.Z;‘ Jimbz (mt;'u;nwm)



57/72’ W, = mjzo) Wyp= W 3: 5.:‘ -Zr/,n,

X'E.wz ) Haz'ljiwi

o) —X

Hz= Tz s - 2| f
IX&:Ix—i*m"lxdE L S I

= O+mr(—5/13= - ; Z: o
dItj%: (r sin 6}(—23 Prd6dz “iI dwm
Tuz=- f > ;_,._?_}-L n p o

yz e (-che)]o
= —-f’rl B—L B g mreh

T —izz"“r"‘dz = (L,- m?’“)+ m(r—"-\—?")
= Io-t-\m\"l = "Zmr2

H= mrw ('bz"':‘*r%'\j +2rl_<)







2L
E Tezs mER-m 2R

A 3
Ry 1' 3 P m % = -mLR/3

’d "13 ITB = = 0
g R bigil O TTxE o

: m 2~ Ty3= -m

o2 T

-y axes: ZM = Tya w  (from Eq.723)

- . MLR = - mRw?
—BjL— ""——'3 (.0) B& 3
ZMj = 0) B,x=o

EN

KI'U' WesE ZMy= Lyz Wg
RJL = - ng wl)
ZMS' =0, Q'X=°

— _ mRw
93‘ 3




Fromn; £gs. 7/25 et #h 6&3 e =0,

|
f X
. = 2 % =
el o Ly, M, 'Z,:;w; , M=o
! N él’ ' 6
/) E A, 2 Lygs -mF n8, -’;z" """"‘""9
R * Jo -%c--m.b—ljlné (w ?)
4 c 6
7 - T~ - Mé!w
y// A)/ 2 @ Z Jiy_ e Sn B
Jd *8c =mg!co5z9/a)}
z
5:‘m& (T
' mb!w % ZC Sin 8 .
g 8= (4 S5 +/coso) B=l8| = mblw




7/76 | z,

@ o
@ pb(-2)-b)c+tpb’
@ pb(-b)- 38y . 2p b

@ o
@ pb(b)-2b)=-£pb’

© pb(5)(-30) < -2pb’

5

. pb3
Total Zygr pbo¥(z +3 -2 -2) = -2pb”

.

From &3 7/23  Ziy= 7, @,

- — - 3 2
M MX Zpbew

2




7 77 iMj = _Iai Cba- I'Xiw; ) d']i:o

£=0.050m W, = = 27N\ - rad
Aot CET O 00e(EE) = 1041 G
i b= 150mm I.ﬂ = -mbe =—6(o.|5)(so) @o“’)
Romm A - -6 2
= = 45(107%) kg'm
2.00wm Thus 8(0.20) = 45(.0%)( [047)
B <! = 247 N
;i For Orlﬁm of Coordinates x-j-a
at C, ZMU'=O , Since L, =0

Thus 0.35B - 0,154 =0 , A= 2‘35

—~(247) = STEN

—



”
_2;3 :ﬁza’m .-'//rf rcos8)(rsin &) prdé M=-n,
]

T

3 ’ _ 2 2 .

= -cos&-—-—cosz49] =2pr%= "
pr[ £ . /' m

2 2
Jo "M:—;mew) =r_'fm,_zw1




7/77 l ZMZ= IZ'OC where ‘Z:Z ’5 jllven by E}- 8/ra
with Z=60$@, m=g ne sin &

% 2 Ly = Lyy=4y3 =9
Thu s = 2 2

Zy, -Z,;(Z:.t;ym AR

o 4'5055 + 0 ¢+ [:/hzﬁ
So A= (Z‘o cos6 +I.w'nze9)o(
AA7

oL = =
%cas ® +I5/n20




7/80 | o z . -
Z%xhz;iwl ) ZM"‘J/“ “Zys @

xz “z
fy;(ﬂb)b(g +(Pb)bb +(pb)b 225’: 3/63
Zya® (P8) 26 +(pt)b 2 = 206°
M, = 6w’ ag =z -2p6%0" MeVra2enqt= Vi3 pbia’



781 |2, T e L e,
220 I,=$pb’

YA lzpb"ft/)b(b-w)_-/:b
z: /zb(b Hﬁ)-z/»b’

/’hws Liapb 55+ =
£4.7/23 with wswy 0, @= “’z

3 ’ @ JMQ
IMy= Ly e, Frowy “
From 50/, fo Prob. 780 [ 3063 I =208’
5 am
LMy = ~Lyg @y My=-2pb 7;;“3'-;67/\//0
EM, =T, W, ! pa =_3,b% M, _ _ g
Y vz & v ﬂ W—b—a— ;M

M= = 2 2 M, r——
mx f% 77‘0/6;'_*92 - JIKI}M



. b/72
[yZ:ﬁzdm :ﬁzpdf:/y’y)@é/
¥ B 2/
A ) s Yoo o
M= 0.02(20m)" kg m
s 790 Ao
on plate, A= 77,.0_4' N

buf ac;‘/éy on J’hd/d; A== 97900 Nm




7/83 [ m=1.20k5 y
=¢) = | D
a.)x = wy = 0‘ .D\ C I
R \ b A b | b B b z
_ /200x27 ’ 2 N
“2= 60 w
= /25.7 rad/sec J b= 80 mm , r=100mm
S — -
N=/200 rev/min o T ’.;é;: = BEH i B
e 4
From £9s. 7%?3 about G, ', — __.Ii_é
I I3
M, =Ly Z)ZA// i A Y | G"H
ZM =0 Ax Ix.
2,3 =0, L ={0+m(26)(7)]+ {0 +m(-28)(-7)} = 4mbF7

= 4(1.20)(0.080)(0.0924) = 0.0/630 kq.m 2
ZF =0 so A —.8

ZM, =-A, b-B b=-4mbFuw’

'y s Ax=5x= Zmbf‘a{:‘/b

/
A =8, = 5 (0.01630)(125.7) Yo.080
= /608 N
ZM, =0, A7=/35=0 .
L=1608L N fy=-1608 i N




T/54 | With wx=wg=%=;éx=43,-0} @, =990 rad/s*,
Egs. T/23 become

IMy=~Lygoe, My =-L &, My =1L,

From the solution Yo Prob, 7/83 Zyx=0,1,.=0.0/630 bg.m*

Also L, = F(2mr? = /,20(0.100)*= 0.012 kg-m*

where m=mass of semicircular disk

4
. m l ILBy i
2:/;:0 .soAj=57 5 d L b B Sz
M, =—0.0£0Ay -o. 080,37 Ag M
=-0.0/630 (900)
j=57=?/.7/\/ b= 50 mm
.So_/;=—9/7:jl\/)_/'3=q/z:'/~ m= 120 kg

; u:a'f?oamd/sl
M=ZM, =0.0/2(500) = /0.8 N-m



/85 =ew = =
% Wy =W, =0, =,

wx=“f7=“,}!=0;fy£=0

so £q. 7/23 becomes
z % =-Z, “’;

dl, =dm (s cos )-ss5in8) @{

. £ 3
_Z;z = -smgw_fé/o{ $2ds =—/Oé-—-.rz'»7249

so for complete bar I, =- ,f sin 268 (b°+¢%)

n’”"f’?‘bzé‘“‘g‘f?cfw.rﬂ:f-wz/b’-tc’).smﬂ cosé
zﬁfb’—c’) c&ﬂ =§"- (é3+c3)¢u;54'/v67¢>$é

, 39 b*-c* , ~1b%-c* 3
Sind= ——, é=s i ion L 8
2w pi+c® “ b+’ 2w?

provided that w? 3y 39 b2-c*, otherwise cos& =0 8=90°
2 A34c3’ ?



Z
7/86 l wL{_’

= +
Lo Lt mayd, yoook
Zz =ff$/h9 Lcose dm
yizl s y---—
z Sind casd /Z dm
= S/ne Cas@']);.x.
= L <, A z_ ¢ z ,
= 25/’159 r2.?‘)’!.&) -z¢mb Stn 26
'.‘_I.I. y b . b
.Z;Z qub Sin 26 +m(—-é._e_§sme)(_?m,g)

2 "
= .’P‘;—b(gz-smzo # Cos 8)
2
£9. 7/23 z%‘ o *-Z‘;/z a); 42
b b ' b m *
myg (-2-4--5 ana) -mg 7 T (33‘ sin 28 J-cosﬁ)

Gran® = b (556 +4)w?

1 6gtand

@ = b 4sine+t3




T(87 M, = - T, oy | _Tx;/fx'coso()(x’sh x) @m

Pw - Sy
Nx 2 N4
U ‘ e where .Z;y= 4—;‘ mrz

JO.Z;ZI E’mrz&';? 2

z A s _A_/_ly:(—émrz.sfh Zo()wz J
Burt moment on Shaf# +s
M:{?mr"wqwh 2«) )




7/88 I For fPQral\tl—qune, G —— ——
motion with @ =0 E:'I’)(E:o)
Egs. 7/23 Sch
rA
2 My = Ty, 0z
bmsf
:S -

132= thc\m tcmP fdz

where [ = mass per unit of =z-dimengim
23| bcosg )
Iﬂz = ftq“P 3 )O = -L:mbzsmzp
Se My = tmb w  sin 20

(Moment due o weght s Y\eg\td'c&.)




7/87 I For parallel-plane motisn with Wy= 0
and Ixz =0, ‘:“z:: xR, I\\Jz- = '(l;' mbSin 20
(From the solutin o Prob. /%8 ) j

723 give

EMJ = _132:(;32: ) Mj = “L‘ Mb = sin 2
ZMe= T, 0

T = M) (L2Gre ) (From Table D3)
(F"—' mMass per unit of bz ? b/2 i
areq projected onto K-y G% bsfn(s
T\Ome) ™= fh Qos(g) :

b sm

L (b Sin | +B)f+ bLSmp(ZS\n(s)f
=Tz mb* (|+ 4sin*g)
So Mg =ambix (1+4sin%)




7/70 IFI‘DM £7 7/23 with %=w)@z=0)
.ZM I w?
j(/z dm = //% Sm/a)(y‘ Co.r/S)c/m

=.s'm/5 cosB fy:dm

=z/‘.$l'n Z/Q.Z;z /

=45in2B(4mR*+mR?) 1
2 p(5mR+m %

= £m£2$l'ﬂ2/8
Seo mg[.x[nﬁ :(g—mkz.;inz/ﬁ)wf
\Sinﬁ(g—}{,qwzx‘?coa‘/@)‘-‘ol pB=cos” /49,'7 55/

otherwise =0




|

]

F
So My o YY\3
§ for Mz0

P=o
2
ZM:} = Lya Wg
B N glxzdm jxr(++« f’d’x
- U
[z  Where [ = mGSS/(x-comp. of ler\J'th)
Q _ _1? 2
e _41-?—— m‘QZ'OD
w= 2




Wy= 0, W= ‘*‘) Wa=o, Lyz=0
Ijz ‘_‘Jﬁtdm j( rsme)(Zr- rcose) frda
-fr J (zsine - Sin @ cbse)clé

Pr3 E’2 Cos® - 4_0.&328]{

- 4‘3" e pas ‘4‘:an
0G = Zrpy
Eﬁs 7/233
20 4mrt 2
my(F)-M, == 7o
zZr Amr© 2




’7‘?3 I I'X'Z = J/x/ zé dm

J_|\Q)\_Iz % = (CR2)=)r (x'dz')
AR ) )
N AT | ' Phb
X2 2sz2 3dz =-Z_“mhb) Since M= —
0
o Tl - 92
= _-i— ¢ mhb, SlMIIerJ =ﬁka "713' i

' Aiso ) Lz "th Ija

h’\j?:—mhz
Wz = = 23/h
ZMj O%F\ =0

ZM,(-—- I'xlwz *QU(ZQ-&B) '\'Mj(ﬁu— ) I'Xi: 5
S\m?lufjmj Afj__ A= mj/L




] U= AT Ve s oG
O = —IZ_Izz “’2 - m3(h/3>

From Trob. 7‘8/:3’ L,a7 "é?m}wq', So W= 2 J%
A :
1: 2ZMg=0, ®,=0

L: Q\'X

gx ZM'X= IHECU—:)

Ay

Z’ as
} ‘ﬂqj (2q+b)~r mg (a+ %)=
—mh(ﬁ+%“)4~-—h—-

A, = m3. 7&12&;]
J 3 2a+b

™3

ZMfﬁ =0 : A, (Ra+b) = 6o, A,=0

.H-'- ‘ngi'*'ﬂ:‘z' = mﬂ Ta +2b ]

3 2a. + b




7[75 M: I{_-LX‘P: “—M_E,=1—B—X?J

Q. s an + K A\ rechan

Se Precessan s COW when Vitwed From olbave,



1/%

M
@—»ﬂ- B
e
M M
(Side view) (Ogerhmd view )

M 3 T™he moment exerted on the handie

\o3 the sthudent @ H 13 The uineel angulox
Vo= . AR
mamentum | From l\_ﬁ =R = ft—) We Seg

That AH is in the same direfion as M.

R' iy Tthe new anguler mamentum . The sfudert

Wwill sense o 'hndmc\u) of the wheel o rotate
= her r\},h‘c .




_.___..7'/97 I M=I;1;p

y .
' 0.8(2.81)(4-0.180)

[ .
. Ayp=o02 radfs . 2,2(0.06)2(0.2) /72650{217)
N
M b-0.780= 0.0364

% P x b=0.2/6m or bz2/6mmm



’/- ’/
Because of /&rt;cssjon v 4R
L re scoprs o 7 ar AR
) jy eprc momen AR

on roter points 1 the rear
dgnd rcaa‘!;"_? rmoment on bus (3 Sorward. Rese/?
1s Thal Phe force under the fish? -hand Frres

/5 Increased




gx2rr
n=4% = 5.03 rads

R=50(9.81) + 4R

, = 8.62rad/s
3.06(503)8.62)
132.6 N

; . /32.6
M= DR (6) | AR= B.—:35=22’”

Thus R=50(9.81)¢+ 22/ = 772N

1

M=7T1p

n







701 |~ M N\

o\
I'_--\"“"" - "‘\\
IR \\:ﬁ- =i
‘Cul——'GP: . v
’ ﬂ 2 i
JSrde view  Tep View

P/l/of would Qpply left vedder Ao cowrntr
’he clockwise (viewed Ffrom abow) reactron
Ao the gyroscopii mmoment

A = I_Qp = 2/0/(9. 220)2[ 12?600((:000) 3300] /?c;aoo x2m

(10.16)( 0.0877 )(1885)
/168 N'm




Forward R =20 000 é_}”' = 2094 rad/s

L2L=2 rad/s

2
T=35/0.079) ¢+ 2.4(0.07/)%
= 0.0339 hg'm*®

. METRP (=M, +11,)
O.I15C z0.0339 (2 )2094)
C=D= 948 N




: o
7/03 | A= — rf 0.1745 e \
o< 5‘0027, - 52 4 @sec

/40 M
Z= =5 2/0 435

A ”ca =5
M=ZQp
= 435(0.1745)52.4

=3970 /4-F+

—— N A
\As viewed by passenger
. V/Ookl.fl) forward
Conclusron.’ CCw deflection




M necded on S Freec Feere

of ship To courferac’

rosl rto port (/efr).
LeacFrom on gyro /s
cpposite Fo AT en .:/u/'b.
Proper orrecHons of

F. ) -_f?-) A Shocon - rc’fa/r/v
rota #rom (6) of wmrofor.

M=IQp = 90(/.4512%052!_’

o o 320 :54/0 A’/\/tm



Tﬂ
IO | )
J2o | i
Mo= ([ -2 o)
mg b K l Y
A
mg g R=mg
(@) ®)

Cose (@) ZMx:o,' Jo ne pn'[éss}an
) M,z 4(9.81)0.320 = /2,56 M-m

Casc («5)’ M, = mjé = 4(9.8/) 0.4 = 1570 Mm
- . Rp: /57 = 4(o0 /2)2_()_ 3600 (2n)
ZMX = ’Z;Z P : R = y 24
N = 0.723 rodfs

R=mj
‘ %‘lj Ma ZM“x-; o: Mg= ™3 (0.08)

0.08m mg Ma = 4(3.8))(0.08)= 3.14 N'm




7//06 | 4 mg _
i J’ mg
"Iz w Mf - ),
= 2 radfs Ms T Mx
cons? mg mg
: Yy
#or rofor 3600 (an) (L‘If =X
My T,, Qps dlou2)'2 =500 45,4 ium M,
i ) P
Jo /V,L]- My = M = 43.4- 39.2(0.320) F

- 0.9 _A/om

IM <L, (1 but 2=const 50220 & My=ay =0



7//07 ' Fronm E;- 7/30 weth & small so Fhat
cos & 2‘,’/’ e pfcces.:;arz¢/ rare /s
g <P I ;

Lo L (L)l F
Where the minus s/5rm nasiakes retrograde
Jorece s3/0n

=-4 r-ev/m."ﬂ




o pei725tlzs506 22
4 n-482:-5,5r0d

ec
I 3 ,o
:)T/ -

T Stake reactions
Jr 2o b 4R R= 4 207/0 /b

4
M= IQp; 2(4R)(6/12) = }——?( )(.5‘03)(/6’0 €)
AR =2.20 Ib
R.= 10 -2.20 = 7. 80 /b
Ry = 10O +2.20 = /2.20 Ib

n



7/109 I Let m = mass of each cone |2

From Jable D/g
Z=1z= 2{3mr,¢ mh{

X 20
h
"75‘(5*'2(;]1)
= e 3 2
.Z'-.Q-—mer

Mo wokble or preeession ,,C%-

%o (ﬂzh) 6, hir=\/3/z



PRSI : . :
N ( %
| : T 8
2 Lo, 7/25 | @applics

‘If a-= 9F= /522;:/2)7 K-r—-
mg /P/b 3% (3000x Zﬂ'/éo) 3K Sec.
IZCsu/fS aore 1.23x 60
/ndcp:na’en/ of 70- Canstk, (”" o = 7.5'mx/m,,,)
M=IQp Sin 70° = mk" 7),0 S5in70°= mg 7 s 76°

whm/—r agrecs wn‘A Tl e 4*744/5/J ”/J'Aczfz‘
where ZNLEO gives A= &xF5/n70°

M= 677. lb6-in




7 _
M, =mg hsiné (-f)
S0 change in angular—momcm‘-“m

vector /s /in -x direction and

precession /s a’esigna ted by
_O._,g E?, 7/25'9/\;:5 the pre-
ces:/an) So Meloem'ad (s

7 = Zﬂ/—f)—

T= Zﬁ/%). For the .SD//'C‘/Cone) - .-.-.‘.-;3./1

g From Table D/“/) _Z—-%mr‘z S0 kz=7"3-r""
7_/714.5

= 2 —477,.:.p

3gh/4 ~ Sgh
3 Wit el

h de,oenc/en;" of & for large P



7/1 12 | For the given direction of spin P

the friction force acting on the cone
at P will be in the +x-direction. This
Fforce /ar'ac/uce.r a moment Mabou? G,
a small Component of which, A//i; /s
a/ong the Spin axis and tends fv reduce
the spin. The other component M,

causes a change in the principal angu-

M M,
N
DG
p M
4
P
6
/
g

P

/ar momentum Lp jn the direction of My, Phus causing

& to clecrease,



righar Feern
reter M — R
mass
'"Jﬂﬁ& \
2 :f \' __‘l( —!>-ma.
L g
l O
n=v/rR mgjz MGz
NG Rear views )

ma& = mvYR T I = mah 50 M=mUh/R
M=INp | mvh_ 2
P, == m, k EU'D
m Uh a,b,ao&/')‘c drrection

p o E1&
ok~ Ti Yo rotatien of
whHeels




71 Mrl

Nre | Nirs
——__—f-.——._—

e
ST ]

Direct prece ssrorn 1f

Retrograae i

1‘—’/{>'/;'

24 4/2' </,' r{




I=lz=2(5mr%)=mr?
= - / z é 2
, Z=Z —2(—4—mf‘ +m[2]°)
= Lprty Lmb?
= Zmr 4 zmb
Precession 15 po possrble
when 1=, (6:53:0)

/ By 1 % 2 -
Jo -zmr-/zmb_mr’ b=r



7///61 F"rom. Z:".;,?/jjo fhc Freguercy of

pre CesS/or 15

with cos O =/}'

rd with L =
Z, =L

B | —Z
27 ar (L -I)coso

r _ oo _
7" B0 °° AE 5
/’nf'z
= -2, (retrograde
~mr* mr ’ .
5 ,orrccssfo-—a)

5 = 1.5'/-2)/ = /O Hz



7/H7| From £s. 730
. by

¢ - p

f[o—[) cos @ [({/,[)-—/]cosa
where J‘;/Z' - ;;"mrz

Lmr2 2

- L . 300(2m
- ) Pr -—-—602 < jomr rad/s

7= 277/|Wl : Cos@=cos 5°= 0.9962
= 2 [(/2-1] 0.9962
Jom = 0.0996 s

PreccsSion 15 rcfrograde Srerce 7>z



I8 | Case ta) o=t zg;zg 97 red/s
&= p =0 ) ;ﬂ': 7]
Casc (&) p= &7 , 6= /0°) .C/Z= /0.3
JSrom £g. 7/30) the /:m:css/onaf rake /5

p=—»I~L . _ 97
1"2-—;" 1)cose  (Fh-1)cos 10°
= 547 radfs

From £z. 7/29,
fanﬂ :.zﬂ{/'an& = 0.3 Fn /Ool p=3.05°

[4]

Case (c) o=p= 90° p=0
{ﬁ': 477 rad/s




7///7 L= momen? of sertia @boul 145
longrtedina/ ax:s = é. m(ara ly, @=2"
.{ = Wromenl of werfe @bew? Fronsversc
) z gt
'41(/5 throush O -=/—£; m/a_z,ﬂjlj) £:6"=2a

_Z;/z = 3 nt (a‘l." 421)//3’. m‘2= 5/2

£s. 7/30 " = o - 200 . )
7 ﬁl 4 P - pe / . = /35,4 n‘_‘l//mr”
fz: 1)ese  (Z-/)cs 10

od coobble 7= 82 _ o
perto of o e ) 0,443 sec



7//20 |/C-/’0M f? 7//? M H.(Z /./_n_

Argular velocstras of aves are
..Q wx=a)ﬁ- TLl,20 .SoM)d/—/

Buf fmm £9. 712
1= e On "Ly Wy = L5 s
where t, = W, w,=0, @,* 95':,0
'Z;xz Té"’" (£smd)? =,—-’2m£".nhzd
-Z,‘(y‘-' S xydm = Z-%}rmfz:/'n 2¢

[xz =0

7hus Ny 2 .
N= A, = 71:‘ _m_e sin d) 6—-m£ P @, g cosd

= —mz LD, S/ 24

/2




7//21 p = 1250 (277) _ rod R=m
T —/30.9"'5“‘ g n

N=y-= 402/277)____4/.9.,,00(/5 R é _,29
2 e | F P
I=mk :5/0.08’5) m M =
= ©.036/ kg-m? 02 =3 M
.Zo_= L/2 for thun disk
mg=5(9.81) N

Use notation B =90%20° 0
of Fis. 7/20 =90 20 = 70
g £9. 7/20

M= @sinéd [f/Wcasé +) o ¢ cos &]
41.9 510 70° [0. 036/ (4/.9cos 10°+ 130.9)

a 0'236’(4/.9)@5 720°] = 196.3 A-m

M =-/96.3( N-m

Also for disk [6: ma-y,' -F=-5(0.3cos 70“)(4/.9)1
C= 2470 N ’

Shafl! SM, =0 Myt 196.3 =2470(0.140.3 sin 20°)
- $79.8/)(0.3¢c0520°) = O

Mo: 319 A-m




7122 _
/ Bj Sqmmcfry .nyzf =] =0

for whole propeller.
Let p= Fls) he mass per unit length
so dm =/od.5‘ = £ls) els
Blade I: I,,=0, Iyy = [£(s)clsxs* =]
Blades 2§ 3: J;x = [£(s)ds (s cos 30°)* =§I
2, = JFs)ds (s sin30°)= 3T

Thus For the three blades w)(:ﬂsin‘P, a}x =Npcos?P
Ixx= 0+2(‘-’¢3-,I)=2-§-I wy=ﬂ‘cps‘f:a')q=-ﬂp sin¢
I” =l+2(3I)= 21 wy=b=p, =0
Tpp = 1

From £q, 7/21 Mx =‘2.;x a}x - /..Z;ﬂ _IZJ. ) L

= g—fﬂl{;ws?’-(f[-ﬁf)npcm ¢=3Inpcos¥
M‘j =I‘J7 wf - Izz _'Z;cx )wg “n
=§I{'le51'n 9) —(31’-33-_1)11;; son¥= "3].0.2 sin¥

acting on hubj reaction on shaft has spposite signs.

7%3 m47ﬂ1'1‘ﬂ€/¢ 0; M /‘S M_— '/M; +A4;. - 3-2'—0_ !



’.7//23 l z (0 = W. =0" From mommenf £gs. 7/26

where = E r2

I
AN » |z mgd 51}79:”‘)(.4':24.22}5 e @)

: where _z;:_[xx-ém,-j*mlz .
( : Y (’4,-_:“53)6=-—’mrzép._,-__.(é)

I

|

Bi 2. 0=Lp where Wa=otp - (c)

AZ b B~y Fr'am/(c) p=const
From @) with &dé =846, (32 5126 46 = +£)jad<9
which j/'wc.'s &%= (?ji/(,.z+ 2%
From (6) -Ag + 4, -E-m 9,0 Sfor 8=1/2 ... (o)

Also for 8=1/2, sFE=may; ~Az=5;* cmdd”
Sove (d) & (c] & Je,‘

A = - m9 /‘P [6 ) 2 2
* B ! ) where =2 7_3 2
r+ 4L

B8,= f'—_z.z.-,ea)




Pilze] ¢ - Cijl‘t:)c 58
o L]

@) No precession if IT,=T
From Table D4

) 3 1

oo L 2 = t 3 a2 r 6
0= Ny - (zuhmr +5 mh =T mC 4+ £ h‘l.
I=To' &mr = jpme +gmh h= %

(b) For h"\'vz; 'Io“-I'

)
Ye,'trbjrade, precessiom
Body
Cone
@ h=r Io:%!‘f\f r%mrl
= Smrt
T 3 = .
IT,-T 3-3%k 3 %a.l ——>| Space
o od \é/ Cone
20 )- res. -
P=2°0 el 20.9 <
&=Co> |T,T § Cone \ F
-l [Z 2019 v

e’ |3 T

s direct )
= 3. ?mmmb



3
B
&
(3

B

constont precess/énal rote gbout y-axs

= gyroscopic moment on

| |m X Z-whee/ = T w
£ -9 ) ~My = momenl fo acce/emf‘c
i X-whee/ —I.Q

M, ¥ M, 0 L1, w = -I1, _(1 +wll, = o‘
ap— M,=3 Yroscoprc mament" on 2a)
M, | a x-whee/ = ~I12,c0
”/’ t=0, X “M_» moment )ba.ccc/ero/e
0, fso 3 ¥ Fwhee/ = +812, )
JZ O so TN w = +dJZ _Q ~wh =o

Camb:'ne @) 8 () dje?‘ﬂ +w_n. =0 4‘ _rl +w./2 0
For guen condifions at ¢so0, {.{1 g =il .Sm wt

!2‘_= n, cosawt

Thus mofor forgues
on shafrs are i

M= -Tewn cos wt N,
A_'? ~Tw N sin wlt
M =Vt A k
=7 w2, -n |-
cansfanl"




S -w, cosy Sina
e, Sin -l-ﬂ.

11

P 726\ nith =ML,
L2

W, = N
Hx'-'[gxwx =-Z ), cos rsias
Hy=dyy @y = Z, (0,50 7 4 f3)

2Lyt = .Z'[cuoaosa':as/s #p)

HE
W/:f’/; A{y =0,

Second of Lo T//F becomes
0= _Z; (O a‘-/é‘)—[/%cosa’dad/s f*p){—a)ocoﬁa’.S/hﬂ)
=2 ¢, cos y 518 /:oocos 1505(3)

Neglect “%2 terms & rep/a:c S @B by B for small3
where K==, peos

(K 2
g+ Kp=o .
Thes 13 o'z;-n,a/e harnronie motion «ith peﬂa/af
7-= E: 27 IQ , %“J 5yr¢ ojf///df&S
K .Z'wo’p cos 7° _

Gboul north oirectiorn & corth Some od@mpiny
wrll alewhbys /bo/"v/ rortt .



7/ 127 I Angular velocity e and velocity of point A are perpendycular

Thus _69-_(_/:0

w = ew (300 +/50_J+300_.§)/13ﬁ002+/.5’0"+3005= 3‘! (2i+]+2k)

U= /5_:'—20‘/'-/-%‘& m/s
Thus ?{21' +j+2k) (/51 -20j+4 k) =0

30-20+24,=0, =-S5 m/s
U =f)524 202+ 52 = 25,5 m/s

""zg‘”) d:%: 2(25.5)  _ 5 283 m or d= 283 mm

/720 221176()



7/128

o /500103
= —= F— 2 d ‘=
P=r = orxoseon 168 /s >Za
p
D =/48 8 k rad/s / Ss
- 30or i h
=308 _ 0524 radfs x/ #

L =0.524 4 rad/s
XK= xp=0.524)x 1488k =779 rad/s* a=779 i rad/fs?




7/ 129 Angular z/e/oc},j, vecrtor

must e along rhe line of P w
conrtoct whbich /5 Fthe

/'nsfanfaneous @x/s af
Zero velocify.

N=E=2D = 3/.4 rad/s

Law of sines g/ves

N
a} J‘/’r) 30.‘,0 = 3/.4 \f/'ﬂ ,4'?00 = /‘ ;/.,7 -?0-,9
/ / ,y w=3e Sir 14.90°
6/03 4 N = 6/»3 md/.s
W =—(Lrk) = 433001 4) roals

IR
n
ie?

KW S =309k x#33(0+k) = =/361] rad/s?




Y0 =4 + Yy s Yy 2205

/3
= 3/ . [sec
(Uay, Jnopmal = 305 Y
_-y A8
_3 1/6 +3° iy .
= = /n./xc

n T4
W
2 "
w:ﬂf(tw Grk /'
D 3 } st 6) N
|
. ?f" 6"'0
]
/" /5/‘) i
L_};_-*L

9)n=4—[77/2.c' .Cfv) rad/s., '




1131

Direction of beam’ng forces acting

B on alirframe
-2

x
.

To satisby M=Iaxp
p must be £,







7/133 | Y= yor woxr, "
15 perpendicular b A8

where @,
Lass® ~O/L #0085 ) tolk m

_Z'fa = 0. 5:/ m/s

z= -o./we mfs

Thus -f' :./ k
-0'/w-‘: = 0_5;/ -‘- wnx wny wn,
-0./ 005 o./

Expand eguote /ike ferms ¢ set
)

-0./w = O/lw, -0.05w,
'y #
o = 0.5"0./&),,*'0-/“-”“! (2)
© = O + a.aswnx +°'/‘“ny (3)
Wt Lp=0.
(4)

A/so‘ W, L h AB 30
S0 =~0./, +0.05w, +O |, =

Solve £gs (1), () (3)(8) & get




7/134 |

let M= mass of each oF #e

FJouwr Sides

L=l =2{(6%2% +5met e by

2 = 2 20%0%)
L4 e e mlY - 4ims?
Z=L, i Zo¥e+[4]) = 4ms®
or £/y=V2

8y E. Wy
Y £9.810, [=L=1, = 2262447
Ei\ _6-—1 I 2>bv2 Z>7, drirect precession

No [FER<bVZ, L <L refrograde
T precession




7035 | .
Let 0 be e\ai" \
Z I )
the angular \\I o\
velocity of the ",/ i C
0

R - (‘UC rel
axes /Xgi.
Q= Z,\T"Y (4 sfne+l<cose)
Relatwe. o ';ht XYZ axes, 0' s Fixed and
C moves With speed (‘\qu =R e

e
So ey = (l%\&‘(-g)v 7R

Tk W = _’«%_[:-3?! ...\-jsfnew»lsmse]

= ?%T._[(-ﬁr+ _[r?;_):|—+ R’;rz B]




1136 | From the sSolution o
Prok. 7/135) The absolute
angular thoc.it\\) of the ¢
disk. |3

— — — — o —

So = %L{[%"%](-W\MW

"
N
2
o

p s}

|N
c1

N




7//37 From £Eq. 7/6 2

2clsa A
Y =4 +_n.xr/0 Q "
F) \3 sl
On_xr/ _211-( V/?-rkx\l _
' [
(1//2‘—r"’j'+r_k.) o R
= %E(é’z—k)j L= -‘%_—[J.Sm67+kcosa)
v, =- e [R 2x); - 2mp. = 2F[r; vR*-r
G ==ra fo-r(B2)i-2rp = ZEiv T
=2xfar* 1 -_ 4n Zy,
= P F-RR]E, G R B




7/138 |z/;;,,9 Egs. /6

2,=a +.n.x:;‘/a +ox(axr,, )

""2'“"‘9:-e/+“rel

ono

¢ =%—- ([ sin 8 + k cos8)

_22“——’21'1' ,;;"“ R =

nx(nxr,,)- (2”)(2‘]_,, vR=r {Zr ;2)

- () (G oy

il = =8

2
20X &gy = L (L )+ TE (2R )=~ 22 (ferrT) - rk)

4,/ =—I"wr':[£<=-r'(:_—-e:%_£)_@ =_(§E)2§1£

Substitute, S/mp///j cf‘get‘
_(277) [/Rz—_'(.?,r- 3)J"‘{3’"2 Zr )k}




7139 L, =mr* k=r=0060m

2
p= 10 000 (z2rf60). = JOY7 rad/s
Frem £3, _7/23:
o~ 2L 9.8/00.040)
P (0.060)*(1047) = 60

= 0.208 rad/s

/V=ZJ7160 = —zq-;?z—ofxéo;' VAL 27 c7c/¢5/m'n

With =¥ very .sm&//)‘ the baa’y cone

IS Foo Small to aé:er're) So Space cone

(Note divection of
Precessisn  on
clia.sram.)

/s the on/] r‘e/a/‘:'Ve/y apparent cone.



7 |
7140 Wy =Wy =0, wy=w so from Eq. /1l

H,=(-T,,¢- Lai+1, K)ew

F3
|
[1;2 1For rod |, mass per unit L2 | L/2
/engr% is mfL, dm= —@'d.s
/xza/m /(J.ﬂn 8)(s cosb)cIm L cosd

= Mm San9w59/ 2. /s
L
= j-mL'z.smﬂ co.rb7
For rod 2, I,y = mAPsinbcosb so fotal I, = Zmisindess b
[Iyz] Iyz =0 57 Symmetry
2
[Izz] For rod 2, I, =I6+md2=;é-ml.”+mfisfnﬂ) =m.l.1(,é +5in%8)
For red |, Z,, = ' L (Lsing)= -"mL"sinzﬂ
So fotal Iil = JMLZ(A/ +4Stn 24)
Thus H, =J—’mL w[—‘/.smécasﬂ_i + L +4sin*8) k)

--! . =_L -_!-
T 2_59 _/:/0 ZHOE‘JZ—GM

(v sin®B)




714 |£7 /4 becomes H,=H.+Fxmid ;=0C, 7=,
= BOOXZX  £0x2% .. 2p°_ 334 md/‘»‘ec

Fora/:sé ey - e
w'-—é%;—z”cuzo = 5.90 rad/sec
s =0

=L, Pt
i 2 ez 322(/2) =0.0/380 lb-Fb-sec*

49’
‘Z;z ,,mr‘ 0.00690 /b-Ft-sec?
With «), =0 & principal axes x-y-z " Eg. 7/13 gives
,/_Vc =Ly chys f + Ly WK = 0,.01380 (33, 8)j%0.00609(590)k
=0.463 77+ 004o7é =0.42]j+0.19674

19} o 0.8330 /¢
L2 x0.833] = 5.24] féfsec

C é0
Fxmd= 0.833(x 5o (5.24])= /,084 k Ib-F-sec

L, =0.42/j+0.1967k + .04 k =0.42/j+1. 28/ & Ib-Fft-sec

=+ —-‘2-9_).;16‘ (el:C here)

4] 527 (5. 24j)+3 (29.5] +17.03K)-
(0. 421 + 0.19¢7k )

I
NN
(_)11

[1.30 ft-lb




77/42 |£7. 7//‘/éecom¢.r /‘/ 51‘/ +Fxm_¢_7', f: OT) _.'7':_.‘}‘c

For disk, ‘ﬂ' = "29'”"/2 57 radfsec

Wy = M 63"02”-.5 'n20°= 33,4 rad/sec

w, = Gazn cas 20"= 590 radfec

2 éo
2
_Z;x=_2;£ 4mf‘ _‘732262) =D.00690 1b-FE-sec*

Lyr=Fmr’s 0.0/380 16-Ft-sec?
For principal axes x-y2z’ Lg. 753 gives
M=l i + Ly W+ Lyppresr &

= 0.00650(12.57) i + 0.01380 (33.8) '+ 0.00690(5.90) &
He = 008670 +0463)"+0.0407&
=0.0867i + 0.4_2/‘/'4- 0./967k /b-Ft-sec
F= -'—’g- L =0.833. Ft
F= phxF =6—oi-2—"-'k X0.334 = 5,24 Ftfoec
E

= 60
xmT= 0.933( szz (5.24)) = /oMk /b=Fft-sec

Hp=0.0867:+0, \H2[j+0.198T k + .08k = 0.0887(+ 0421 +1.25/%

lb-Ft-sec

T"JiT_J—'g +Ji(£'ﬁ6\ (G'—'C,htre)
=% 524 55 (5.24)+ % (1257 + 2.5 +17.03k)-
(0.08¢17% + 0,421 + O-I‘lmi)

= [1.835 ft-1b




7//43Iw=/_29L2”) X, -3
f2 60 (P—-— o
gn 8" g o

|
= 4om rad/sec ! 8" " 8" __2
0
£5.7/23 U )
- 2 R
ZMK-.Z;Zw? R Ax 5 “? B)‘
- 2 A .20 .
ZM.Y - Ix! Wy y‘!, o \[‘_Z_ﬁy_
‘ N ;
Where ! ~ 5 20"
L,.=m (EZOK/G -5.20x24) y
y‘ ' ’ . (-5 ] -3
="/6/,4(/O_3/ /ﬂ--/b-.’écz mz—E—zl—é:B}'gg(.’o )
‘ /b-sec’ /i,

L m(=6x8+3%/6 +324)
= 280 (107%) m.-/6 - sect
M, —'"3ZE®=-0./6/4 (40r)® ’esy= 79.6 /b
[Myz +3ZEBX= - 0_230(40.;7);"- EB;"BZ ?/b
Becawse mass center has ro acceleraron
Ray® _E@ ) #ay® 'eax

Y
IR = |Ry| =V 79.6%#/379% = /5%.3 /6




7/ / 44—| With @, = ‘dy = 0) /200::23'“ /25, 7md/fec

&0

w, =“’Jy""’!=0 £gs. 723 about O becorme
EM =l pp , M= ~Lge)f . z/w, :
Let m = mass of each :egmen/‘ 2 = | Z /
b [
of length b s b
#
= /4 _ 0 0435 Ib-sec® ',,=4_—'f3 :2—_' W b=8"
322 ft 0|b C%
¥ o s o _ __ x
“ M,

Static Forces produce no moment
So are ro# shows.
0) @ €) @ ;5
I,y =m(b128) + () (26) +m & 3)(6)+ m (-4)(8) = 5 mb*
My = - $mbe}= - 2 0.0435)(55) 11257)*= - 257 16~ £t
® @ ©) @
yf—m{-é){zb) +mlo) +m[0}+l’n(‘b)(b)-"“ b
M, = -fmbiaf =~ Lo.0435) % Jt125.7)"= - 85.0 16-F2

M:M‘M/f;': P59 42572 = 27/ lb- F?



1/145
_I_I Let m=mass of each plate

mass per unit area = m/(rRY4)

= 4Im fTR*
am = Am yrdrdd
mwr
E R /l\
]’;z XZO/M = " - - \‘j
4mb2 % a4
S
£z A
4 mbr
L, =gzdm =
P fy m wes), ), (~-rsin8) broreld = -
4 (2)(0.150)(0./5
Top plate Z =-j;z }_g” Z 0)=0.0/9/0 kg.m*
Lower plate I =—-{3;Ae)jgé= 4./;;52 where b=0.075m [éaialfa)

=-L,,=-0.0/9/0/2 =-0.00955 kg-m"
From £, 7/23 with 1o, =, =0, w,=ZLE00) o vadfs =0
M, I wf =(-0. 0/4/o+0 009.53')(/01:’) = -F42 N-m
Zu, -—J L Wiz~ (0.01910-0.00958)(10n)"= =9.42 Nem

M=y/942%+9,42* =/3,33 Nom



7/’% l Weth “y jw7 =y =0 (c&z =200 raa’/:") £q. 723 gives
ZMXL- -.ij!e.é 5 .Z/V'y = _Iyz‘dz
From J’O/tlf/'éﬂ ) Pmb. 7//4;

L, = 0.0/9/0-0.00955 = 0.00955 kg.m™

Z,, ==0.0/910 +0.00955 =-0,00955 kgom"
So ZM, =-20.00955(200) = -/,.9/0 N-m

ZM7 = 0.00955(200)= /.91/0 N-m
M =1.9/0%+/,9/0* = 2,70 N-m




