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USE OF THE INSTRUCTOR’S MANUAL

The problem solution portion of this manual has been prepared for the instructor who
wishes to occasionally refer to the authors’ method of solution or who wishes to check the
answer of his (her) solution with the result obtained by the authors. In the interest of space and
the associated cost of educational materials, the solutions are very concise. Because the problem
solution material is not intended for posting of solutions or classroom presentation, the authors
request that it not be used for these purposes.

In the transparency master section there are approximately 65 solved problems selected to
illustrate typical applications. These problems are different from and in addition to those in the
textbook. Instructors who have adopted the textbook are granted permission to reproduce these
masters for classroom use.
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101z frons cannol be added as Joreser vecrors



72
Yp ifj) are Per'Pena’/cﬂ/af‘ 5o that @w-U= 0
_600x2n 8i+/2/+ 4k - Lt
- 0058 Tl fine, 12141
So (%[ +/2_:/'+4f)'(/2_5'—5!'+£{é_/__é)=0

9 -72+40, =0 U =-4 ftfsec

U'=-//22'+ (-6)*+ /—5)"'—'-'/‘/, 70 Fifsec
R = few = /4. 70/(201)=0.234 ft or R=2.5) in.

Ap=0, =rw=0234(207)" =723 tfsec”
or ap = //,080 (n.[sec z




7/3 EZ _c_uXr.ca/x/ouxr) r=0¢ =0

- ) - -

= /002040 +8k) mm w=30(30 +2/ +64k) raa/s

K )
§ _ ¢ J &k C
Yewxr =goo 10 5 &= 300(le L -/2) - 4k) ";:”
2 o #
¢ J Kk
A=WxV= Jo(300) | 3 2 & |= 9000 (64L + 0%y - Ca?q
b —I12 -4 mm/,

@z 7V64%r 108+ (W] = TZozgh = 1285 mfs




Alfernative (a) Alternative (6)



5 | vy =0xr = (-4j-3k)x(o5i +1.2] +LIK)
= —0.8L - L5 + RK m|s

The rim speed of any pant & |s

Vg = \/o.sz+:.52+223 = 2,62 mfs
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77 | w = M. 27(200) 50 6 roay
I 6o 60

<\ . W= 40 rod/s . .
’ 2
law of cos/ines w = +w2..2w’wz cos 6¢°

40%= 20.9" 4 &, - 2(20.9)w, (0. 5)

2 -
W, —20.?‘02 -//6( =0

- 20.9 2
Wy ® ?rg’)/zo.q +4(1167)

= /0.47 % 35,65 , @, = 46./ rady/s

N, * %{60 = 440 rev/rin




'7/8 (B:(“Sinei‘tCosﬁ l_<>(,o \ X =0
r

= dl + & -hk
VU= WYC gives
U= OJE,QCGSQ'& + (oLCose—ksfnﬂ)J - fzsineﬂ
@ = XXT + wx(wxr) gives
o

= 637‘[0'\ Sl.r\e cosH - dQOSIQB ! - ‘o\l + (hs'mle ‘dﬁk\esl.f\ﬁyg




| = -l2L racl[sec}

=X T -L20 r&d/sec.z

= 34’{’\'20& ;n. ("FO( F:Q5°)
Carg out aljebre o sbtain

Gp = 358 - B0 k In.[sec*




- 30% X 4ITA
= 727y ras/sec?
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Vs WXL = |3y o qp| = IT(-¥ r 6 -3k) s
' o S5 /0

-4 6 =3

2. : ,
12077 —1200"C 725 0%~ g0m %k
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-sni(25), ri18k) /n /sect




7/ i AK : w. = ot
o e Jooo r2n)

when € = 2sec, &)= —2

Z,
Yy ' =100 77 rod/s
\ | x SO &= 10077/2 = 5077 rad/s?
\ oy // ~- & ez Jore
7 - =
\\\‘[// g “, :‘ W, =somrtk rad/s '
=30 o -
— \\\E X =) = S0k +SomE k
L= 30x2I/é0 But f= Rxk
= 7 rad/sec = WK xk
Thus fortsi/zg, =(V3/2)rd

X = Somrk + 507 (é)/@/z)ﬁ'_c'
= oy 2
50”/2—7_;- (L + k) rea/s

(A/o/e,' Total angular velocity 5 w= 1+,
foa=e =0+, =0 +w,)



<

w = F
" e/ 60=‘20':§~d
IOfdd/s / 300 Q@

o =
Law of sines

/0 2 ,

IJ/.I?G o 5/;7(50‘5) ) 6:)‘0!‘)— i
w = )/(20 co5 36°) 2+ (20 sim S0 er0) 6076 19/
W = 26.5 rad/s

)

Space cone
degenerates fo
a ot plane

Y Body come
.o rad
w=205/n60=17.3275



______7//3 l N=4x2m7 = 8mn rad/s

U »

L
-

St 14.857°  Sin (180°-30°- 14 9579"
sin 135.143°

o= 877

Sin 19 857
69/ rad/s

-k
b

w, 69./ Cos /4.857°
' = 66.8 roa/s




7/ I From Proé. 7/13 w = 69./ rad/s
W= 69./ (L 5tn30° + k cos 30°) rad/s
L= 8k rad/s

X=X =8mhkx69./1(( 5/n30° 4 k cos 30°)
1737 (0.5( +0)

X = 869, rua/s?




N

N
,_\_"_
Ig

w, + 0

\ l w Z ° , o v

N\ \ 2 2k+ 0.8 Cos30°k -0.85/n 30 ¢
\,! = —0.4, + 269k rad/s

P =0.8(-0.5( +0.266k) X 2k
1.6 (0.5; to)
0.8) rad/s?

R
"







7//7 W=+ Wy
=2k +0.8(jcos30% k sin 30°)
W=0.693)+2.40 k rad/s

X=Xty =2kx0.8(fcos30°+ksin30°)
X=-/.3567¢ rad/s?










7/20 l = 0—? 120 ;/};joo__;’ +/20 cosﬁao_j #2200k mm
-6O( *# 103.9/ ¢ 200_/\' mm

fl

W= +&, = /o + 2ok radfs
Y= W= 10(c+2K)X(~60( ¢ /03.9, +200k)
= /0 (-208¢ -320) + 103.9 k)

U'z10) 208 %4 320%+103.92= 3950 mm/s
or U=3.95 m/_s

@z WXT + wx(wxr)
where 6<3=9<-‘99,<7<&‘.)=£‘%<’<‘_U¢=/0_@’)(805:-200_/

rad
KL
200/ X (-60¢ +/03.9/ + 200k)
~ 4000 (/04 + 3k ) mn/s?
WXIWXr) = wX V= j0(i +2k) X j0(- 208 ~320/ #103.94)
= /00(640L -5 20/ - 320 k)
= 24.0L -52, OJ 44. olr m/s?

Ta- )/24.0 +520% g40%= 72.2 M

Wxr

§

1]

SZ



7/2/ I 9=z’5 in 4t where A =3’—' rad, .= 77 radfs /?—.f). T rad/s
& +Bk, &, =, =~ - 9J+,3/c+/3k ,e-a k= 03
J———n-"“‘ﬂl 9- CﬂJ‘qﬂ't 9 "'—-51'74”['
Wy, =- 28,4 Artlj)l+ nk

X2y, = g't’m 4t (j)+ & 272 s Yt ()

b
i
]

2
(a) 2"—--2-'-5 w = - .’23 CosZtrJ),c-/z_a an(_?_j+_k)
g:-%ls;n Zrt(_/)+3——595277(_£)) o =




7/2‘2 I fA =r= 0.220(_[#0394‘&54‘»19) m, = n'md/s

fa) t= 3"6) Sin 4t =0, ca.5£=(:o.$(€,.9in4rz;')= CosO=/

Sénd =5sin (8, sin4n z’):_s/'n 0=0
r=0.22000+0k)=0.220{

U=wxr =/T(-£—’-tj+é)x0,220_£)_(l‘= 4220”('/‘+ gj—’r_k_) m/5

or _U_':ﬂ,é?qu- /,449‘£ m/s

0.220( + ”/-25—?45)): 0.220r (j+2% )
+ 0,22011'2(-[23_’!]!-_") = - 0'220”.2.(/_* [%_;[]2)!
or a==11.704 m/fs*




7/23 |07>= 24 m, p =0./0 rad/s consi, /3 = 30°
2 r=0P= (24 5147 30%)( + (24 cos 30°) k

p -

= /2( +20.78k M
racl

>
w= 3284 4 010 = 0.209k +0.00/ e

V=Xl =(0.209440.19)) x (124 + 20.78 4
=2.078( +2.5/3) 12k ™m/s

where U= |V =Y(2078)%r (> 513)20 (-12)% = 2,48 =

l
I
l
I
l
|
I

Q= WXF +WR(WXr)= XX + WXY

= 0.209k x 0./8f = - 0.0209, rad/s*®

X=w= wpxa,
WXV = XX = -0.0209¢ X (124 +20.78 k) = 0,435, m/s2
WXY = (0.209kx0./g) ) x (2.078¢ +2.5/3/ - 1.2k)

= ~0.6496¢ + 0.435/-0 2084 m/s?
2 -0.646L £0.870/ < 0.208k mys?
= |2( = Vf-0.6%) % (0.870)%*+(- 0.208)% = /./09 mfs®




ap = 2% o+ Wx(wxx

“-»T\“t\r\ A= 6) -8k rails") r = o8 -1—\.22'-\4.“_&"\}
and W =Bitw, = Ri—4j-3k redfs; e
oktan

Qg = -IR.5{ 104§ - 13.6k m)s™

Aa = WIIZ.51+I0.+7~+13.£,"\ = 21.2 m)st
() % = Zx@ = 2k x (-4j-3k)
= B rads?

A = X

x

L+ ox(Qxy)
voqs’-) £= 0.5. +L3) + Ik m
W = Qawe = Rk (-41-3k)7 T 4] -k vy
ua abtawm ag = —8.5&—5.(;3-3.2\_«: wm|st
Qg = -\/3,57-4— 5.6% + 3.2

—

= 0.6 m}sz'




7/25[ W= 0k + 7L - cosr -y smrk
_o_c=6_<> :_(1!; +a:__é"+%2:5/h/‘/' -a)owsdflj'
~yy sy k -, sm )k

where 1L =4 rad/s const
w,=3 rud/s 7 r=30°

7<= g radls v
§ 4= ri= Dbni = Of e Roj=0hnj= -0 K et zo

SO xzgor 3-'_(2!' +%J'5/}73“_J' + Wy 2005 ( -c) yeosy k+0

w @Sy L+ Flata, s g)J - yycosy k
3(4)0.866) - Z (4 +3x0.5)) + 3(74)l0.56)k
=/0.3920 - 4.320) + 2.040 k rad/s?
X =l = \/{/0.3?2)274-/4.320)21-/2.040)2 = /.44 rag/s?
w = ~4’——7—_c_' —30.566)/ +(4 - 3x0.5) k
= ~0.785,-2.60] + 25 & reafs




»7/26| 515 = ‘5_‘0/_ = 0.2357

/5072
B=13.63°
= 2_/7"-_- 7/ rad/s
low of Sines | _
«w - (L w=n Iy

\57;7_7‘—\5‘/—;«;73 ¢ S8
= R 60 = y D:
)9_(1 /_Q:(_ / e S 45° = Py

Sih = St (18095 /3,63) = 0. 8539

25/;)2”\’/"” 450

o, 8539
O, 70 = 2
> 2357 7/ 6.32 raa/s

So =(J7 )2
o=(Z)



re! But cos =
v i db) Vrsrh?®
| Z,, 2
0\ = vUVr+h
N X N - rh -
_ & AN TCos T Yo '
X:, g-) A AN - U 7,'{—2+—,é2_1.‘
w= consf SO o(:__{l)(é_()
a=-Y__ 4
— hcos
2
V- 1
502(:_ /\,x__fi_é=-”,~/
heos - reos hreos’) =
2
- _ vV /r '
L = hz(h—f‘?);/




»7/28 If;,,- ¢=0 6= aamlpo.s///m vector of Bis r=4i-8kin.
@, =-9_— L 37 cosint _—-— r‘ad/sec for t20

@, = 2 rna’/sec

W= Ltk -—E—z ‘» 2nk radbec for t=0

= XxXr= --2—_{-*27!!'))((‘/_&-8!):—472‘! -+5’7£/ =4/I‘/2—Il‘{j/n./s¢c
or &=-/435; in.[sec

as= wxr+wx/wxr)
D=w i+, 1 + e K+, k= +—(3/t)-$m3n‘z‘t—2—co.r3n'l‘/a)
+0+0
Wt 0 =0- —ZIZJ-—RJ, oA = a)—-/ZJ—-j/OJ radfsec?
=-7%)x /4¢-34e)+/ Hz;ré)xx/:z/z-ny
= /én*(n-1)/ +2n'//c n. fsec?

Q=3385(+/9484 in./sec?

So

(h




7/2‘? l Anguwlar veloctly of rotor s
W= ph -gc Azd=pk-gi s Dxlph-gé)

- ) = g

whore Q= angulor velscity of axes = -gi

Jhus o= -f_c'x(p_k..j._/) = pgd
d
or Sfrom Kj. 7/7' o= (__ﬁ")



7/30 W= #+p =4 +0k V12, 2. rad
| Y =lerp =Tl , L=Yd /0 10.77 22

Xz Qxp = 4L x/ok = -40) radfs?



7/31 l/lnju/ar velocrhy of X-Y-Z axes /s =4¢ rad/s

7% Y+ 0xr, gt el
U=04(4)(~J)=~1t 6/ m/s
DXy =44’x0.3/: /.2 k mfs
Upey = 0.3(70)(-¢) '—3_[ m/s

Jo Yp= L6/ +1.2k-3¢ Y= -3( -4, 6/ #1.2k mfs

_4A=g _Qx LoP: +Qx(Qxr A/)+2.n.x Vet + Qrel
Q. 0.4(49(-k) = - 6.4k m/s? , =0
QX (DX ) s dEx 1.2k = - 4.8] m/s?
20x Ypoy = 2(42) X (-3¢) =0
@er = 0.3(10%)(-j) = -30/ m/s?

Jo a,:-6.44-48/ - 30/ | By =34.8/ - 6.9k m/s?




12 SN .
x ———— =%

27 2’.6._0) = 127 rads
6

~0.2) X 127 (- 5in€ & +cos 6 k)

1394 g
. o
X
e

2.41r (-0.5k - 0. 866_4')
-r.2m (V3L ¢ k) rad/s”




7/33 I}Ze angular Ve/oc//j w of He plate is o = P4 +9£

Tnx-yz o —=(dd) - Gk+0 (6204 i=0)
Y2 T hyy —

So by £ Y7 &, , =(§tgxn= Gk +6ix(Vk+0;)= Pb-69;

or, by Straight different/ation ;
_ d _ oo .« ® I" “=
P"XY‘E”{#XYZ =Ph+Phk+0 where §=0§ i=0

But k= 8ixk =-A'1J' 50 &\ o= Ph+PlE)) =Gk -69]



7/34

In Eq. 776}
5. A _é_ . _ __é .
Vg =~REj, N=8i,r, = ri (for ¥20), ¢ =2 4} (for #20)
U=, +NX) , + -6 +€zx +L ¢;
A =B ="">A/8 —r';l)- "’ "J ﬁ _/27 J o
fqz(}-:,z.-‘/"BB)_J
_boga. o a
—rel”_ﬁ(pia—g“ﬁaf,:@ 6i=0
—A=-€6+gfo/8+ax(£‘*Q/B)+2ﬂerel+aml
b, =- 29£C+0+91X(91th)+291>¢—(/J_b¢ i

N

=-R*6*k +b-/219.$@€—-— f)i[,gq.—.—/_gé +b1/5'4’)9f _b (,le-

o

or 4,= ;-40 — (RE-b4T%)6k

N



7/35 IAngu/ar' Ve/pc1f7 of OA is w=-,é_[+psin/8j+(pm.rla+n)£

%)

G), e = O+ p,éco.s/?j + /—p/é;;n,a +0)k

N XwW =N kX (/64 f,b.s/n/3J+[pco:/5 +IL]k)
-‘-‘—_O./BJ -ﬂlbsm/&t

= /pﬂco.r/s -—.H.IG)J -Lpsinpi —',D/S.Smldk

X =-1Lpsinf L +ﬁ{PCoSIB—JL)_‘_j pﬁsm,aﬁ

So




e | Up = Vg + W X o)
Oa = Gp + W XX+ QJY@XEMB) .

W = L4 1-L2=j rad[sec, ; QW= 2‘34»3\1‘ rad |sec

. . . 2
Fojg = 5 =33 fohs, 40 = 4
Substihdten Om* S.\'tr\@\i‘ﬁ'cq‘b{ M bie\i
Vg = 32 -6k Ftjsee = Vg = 6.8 £ /sec
A = .20 +12.4j - 15k e = aq = 20,83 Ftfsec”




7/37 I\EL_I X2y 2r2%=0L2

X)'( +Y\; +0=0, 2= (arzsfl L =consrt

- ____)i - 0.3 - _ L ‘
Y=14 = yXs-224= & mfs (—y-dir)
So/l. ZZ ZJ;A:_%’LEUX_.FA/B )EL).[‘A'/B:O ﬁ/f/'njﬁ)J.AB
. iy A
UJ= 4 +

w, w, W
-0.3 0.2 o.6
(_Za)x +J W, + ko, ) (~0.3L +o.2) +o,6k)=0
Expand, eguare coeffrciénls g gct

Oéw, -02w, = - & ()
0.6y 03w, = (oA (2)
O.wa +0. 3¢cv = 0 3)

0. 3wy +0.2w, +O0. e, = O (4)

Solve o'/;wu/r‘aneoasy g g’

Wy = 735 raals , = -4.90 rad)s w,= 5.3/ rad/s
YUp=-6y m/s




174 ) " 2 A "
X==Q-AL-fi = Q-BL-faxi
=0 -pL -ppS
C ade =4 "..'at._ 27 2
(@) before; Bep =fdp | 3= f20:(250)2
= 0.00388 raa/s?

’ 2” / . ‘ , v e
Xz -0.00388L = 75, 5 < —(3.88( + 3.49) )16 rod

b) after, /§‘= o o= -43.4?(/0’3)_1' rad/s?




4

A
i

|
b

Ve or co, _£ docs nol chamse
’ ~ /0 =
oricwrfalfron o 2?/‘44,/) )

- P, L
. Aceel co v
wbw,j) EC Componmts 57
T2 9(:/.)602_4' “/b“’l\/'""‘),“‘)z.-lr




T[40 lAefy“ = angk betwecn AB g y-ox/s
Anja/oyr Ve/&cx/ o f A8 /5 co-—gwé + Nk

So A =Lbc-Fi-Fi +0
Bul?r 2= ,Z.smr Y, = F3 lrwsa’
g =0=-LF g M«T”Sﬂ‘

. vz
So = A = g =
7 Lcos > 5(4/5) & radfsee

F= 0 Sang = 2 (3/2) = 3 rmdfsec”

Also £ =Rbxs =02 2/ ragfsec

Thes Xz ...3_" _z_(zJ) = -3_4,—4_‘/. rad)sec




7/4| | Precessson 15 Sreed, So X '-',_f_lx Y]
A= ATk x 107, = o rad/s?

%= G DXLy, + AX(QX L, ) # 205 Y+ Qe

G QXQE) 2 -10"% = ~0.3(4m)% = - 487 m/s?
Q=0 OxIa, = 4k Xx0.1k =0

Yrel = R X130y = 107 /x 0./4= & m/s

2NX Yy = 2(41Tk )X 7L = §77% mys?

et = OX(PXTay,) < =0 (10m) % =~ /o7 % 1 )5*

Q

= -4 5’/7:2' 87 - /_0/724

N

= 27244 +4/-54) m/s?




742 Ime Eogs. 7/5

Y =Y, F XL, + Ty

V --e.ﬂ.t .n-‘.n-k _A/a-b.fl/?/BJ*‘bcﬂdf&, ,,d*bﬁ/Co.rA/-Smfl)
4 =-£fu +ﬂkXb(s;n/9J+co.s'/B /<)+b/0/cos/aJ sinpk)
Yo =~ (R+bsinp) i +b,B cosfy 5,34“",6/6

=By + X0+ X (Dxr, )+ 20X, +4,
4, =-R0aY, 520 .n.x{.n.xr'/ )= ﬂ/cx(ﬂkxb[sm,eﬁcos/akj)

20xU) = Z.Qkxb/B (ca:ﬁJ ,smlbé))g l—-b/B (s:n,BJ-rcxfk)
Combine, collect terms, fgel
a,=-26np cospi - (1 [2+bsanﬁ]+5/3454h/8?—j-Aﬁzwsldé




7/43 ,_Q= anguler veloc/ry of axes X-y-2= %’;’1{-/& /{J’%‘L"
Zf U' 7"_.(2)( r:q/a + V
where 3’ SYRL =T X ( 0.18L +O-1k)=1(0.4¢ # 0.184) m/s

LRy T/ %018 = —0. 17k /s

Yrer ,b/rxr‘ Zigﬂ’)k X0, = 0.8%f m/s
Cottect Korms & 5t v (0.1 +0.8) +0.08k) m/s

where @ =,n_x(gx ) njx(rr/x[-o.lu + 0. Ik])
SI2(0.18¢-0.0k) M52
./}_x(.(l.x_l;,/a) ST X (~0.4mk) = -0./m2, mr/s?

2 X Upgs = 2/ X ©. ¢rj=0

Pres= BEXDyg 4 tayg p(-£) = 0-(8m) 0,04 =-6.2r% =

Cotlec¥ ferms ¢ 33/
Q= -0 /T -6 +OIENY -0t

@=-/r%6.32¢ +0./k) m/s?




7/4‘4‘ | A nj‘//ar Ve/oc)é/ of arerr /s

W= (-p cosO) +O/ +(p Sth& + )k From . U7

Q(=§_¢3 -'(/.:6'5/}79)_(,' + (/oe'co.se)_/r t Nxgw
Bu¥ anja/dr Ve/ac)')ﬁ/ of axes s AL =k , 50

x=(p 8 5rh &)L +(jp8cosB)kr
£ Nk x [(—,ocosa)_f' +é/ +(psin® 4.(2)4-]

(o6 517 8) + (p6 cos8) kK - (pLcoss)) -n6¢

1]

S(psin6 -Q)L -(pncoss) ] +(pbcesd) k




7/45|Anju/ar' velocity of axes N=(k
" " v pane/s wr-8)+ 0k

Q= (s+L). +(-2-Y3) ;. 13
% (gt7e)e +(-2-2)y 2k

= 0.3/3, -2 4{/’— 0.10 83k Sft/sec?

wy #h 2,= 2.45 A sac?



7/#6 IAnju/or Ve/oc){j/ of Y‘
X-y-Z axes /s
N=-wt+wyd

V=l +0x Iy + 1,
where Yg=bd), (-k)=-bw,k

R5Lyg= (i 0, T =
-Vre/' mrpL

Thas = -4 Wyk —re ke -rpd = -rpt -(re, + ey, ) k

Q2= Gg + ARlasg +QX(RXInyg) + 20X, * 2y
where a4 -—éw ¢
-Q—-wcv‘-w J'-~w.(1x4 = W,y k
AxXQxr, ) = (@, +w, 3) x (-re k)= =ra) (w,g vy )
20x Yy, = 2(—w£+w])x( rpL) = 2rpw, k
Loy = ~ 1Py .Slxvﬂm_wu kxvj = —ruu, L

Subst tute , Combime 1 Get
a= - w, (bur2rw )i -1l PN » 2w k




7/47 L1l = anguwl/ar velocily of axes X-y-2
w = ‘" ” n simulater =L+p
LeF N= angular Ve/oc/')y of frame =0,2rvd /s const.
P 0.9 rad/s cans?':) /3 z 0.15 rad/s cons?’.

Q=L f 1] Neos s~k Nsinp | p=pk
= 0.)5‘4' + 0. 2./ +0.9k rad/s

- )aw
)XYZ (—Z xy;+-'r')-x£)

o= (Q-j Np sing -k Nfs cosg +0) + 2 x(Q +P)
where Qx(n+p) = Lxp :(_z'ﬁ' +y'A/cosp -1\-A/5/nﬂ))(p[r
= LNpcoss jpf
© g’,g:a =L Mp "2//9/9 /rAI/6
= 02(0.9)¢ -0.9(0.15)s - 0.2 (o. /5%) rad/s
= 0./8¢ -0 135 ~0.020 k rad/s?*

‘_‘_/ﬂ-o
£9.7/7,
From £g. 7/ X = (dt.‘




d 7/4'8| From Sarmple Prob/er 7/2

n=27 rao’/fec ey, = V3r rad/sec | co= 57 rﬂa’/Juc e = 4772 J’Z’
Also =~ T = 37 rad/scc

/n jem:re/ co=(-7L + Qecos gy +[ew, 4 U sin r]/r)

Sor r-aoj w = 77[—3_4 *V3) + Sk) rad/sec

From £5. 77 o= [d@/at]y, =[dg-u/dt]zyz+-‘-%xcsx g
Bur [dw/dt] = (o-2ysm a'J' +Rycosyk)
= 677'( "'./ 413 /f) 3/7(—J ,ﬁ/—lr) ra.d/sec_

a)ﬂxes:fo- (=4 k d C()azcsxw (w wk)x‘u—‘w/rxéo

S0 &yyeg X €O -‘-47711')(77(-34-#/5‘/ fé'?r) 4772//‘4 *3./) rad
Thus oz 37 (~) 415 k) +#1HEL 43))

7N #3L + Y +3VB k) reafsec?




Angle d@ measured Xy -2

> 7/49 | ‘ w=dp + LLp=(peose)/ +(osimor )
Y I

I \\z Jj/ turned by wheel 1n Fme dt /5
< |D ~N / ,
l P RANR g = /Z-—-—-('td) so @ = g’b
(9
v , o wz=p[Jeose +h(sine+ _§)]

Angular veloci of axes /'Sb_Q:J/; so

RP),. al arl
5_0:__(_1+(7‘a}_/_\" Now use /a‘ )XYZ (dé {lx[]

/Vo/'/'?:j n /5 constml th XyYZ 419/3

Thus X = :;Q)YYZ' -#ﬂx[ﬂx k]t-Q —6‘9/:

A= [fpcos&)J f(psm &)k]x — A

or mersly g(:g'):o+-;:°£r=@£mx/r) et
= r \=*3/



> 7/50 IAnju/ar vel, of X-y-2 s n:é;s/na—_jé #kgcos &
a-= Qb+.r2xr‘ +x(axr, ) FRAXY, t 2

where &: —6(82):/ $-394/ in/set, Doy =68 -4k in.
Q=0xQ +{qbcosg +O -hkqbsind by £ 7/74
= 96(icos6 -ksins) = &(/3E-k) rad/sec’
LLXTapy = 8 (V3E-K)X(6C-24)= 16(2V3-3))= 743/'/,7./,&z
nx(Qaxr, L —423L + 7. 43,/ + 246 Kk /ﬂ/sec
2 QX Uy = 2(40-2] 4475 k) X (+4[36] )< 960 (-V3( +5)

Qs ® 4(30) 'k = 3600 bt in./sec’

[
Frer" @e20%0(-36%/ + 4810k in.[sec

W=D +PL, Lz rpl =B p QXS
T8(73i-k) + 30(4(-2f +4lik)x L
X = §V3¢ +120VE/ ¢ 52k rad/sec?




’7/£I|An“9u/ar veloc/ty oFf axes =2
7" ” " m’b"’:é_‘_)‘-‘@-/-lbir

where /b: /00(2/7)/‘0 = /077/3 rada/s
'.Q-= -3_4 + J.Ot) Cosa’+_f_fou' Slh'a" a),: 77‘;20_.2/1'_a_a’

- ——

p éo 3 s
X = (4L ) 4 nxw Eq. &

T df )xvz (db‘ )wz - T (5. 4/7)

(4L . (C_f{___’-) +0= 0=-JFW SNy + kywcosy

dt vyz Lyz !

{lxcwo= Nx(Q +Pf") sQxpk = a';o\/'+/3a)‘cosa—_¢'
o= (rp -ia),SI'n b’);/. + P cosy ¢ + a'wl'cosa— Vs
Swbstiture a'= 4 rad/s, p=107/3 raafs 2] = 2773 rad/,

077

- 1077 271N L 107217 V3 27 /3
X= (45 -4F3)/r GFLL 25 T4
’ / 2
= 1277 575 ¢

‘2L f = 1299, 3770/ #7254 ”’:’
S

K =Vi999%+ 3702+ 7252 = 42,9 raas 2




’7/52|/7ﬂ‘ac/1 origi of Fransiaring axes B 8

with X-y-2 poratle/ fo X-Y-Z

Y Yt xlayg ¢ note That wJIx(r, xJ)<0
where g‘ = g'z wni? vector jyp Y. -dir

Y=y = re) (-i)=-0.080(4)i = - 0.32L m/s

Y-coord. of A /s ;/0.3002_ o700 o,zoozz 0.200 m
Ta/s= 0/_4 +0.2/ 0.2k m |

SR
TAhus % = =0. 324 N w)( wy wz
-0./ 0.2 0.2
Expand g egumfe cocfficients so ge ¥
0.2, -0.2c0,=0.32  ----- e
Oaza)x' +0./Cl)z =‘,UAT "“/2)
O.Za),‘ +0./ew ) - - = <(2)
A/So(éwx H &y rhaw,) L x[Fo.1¢ +0.2y +o.25)x4.']=
ewhich Grves U -2WF0 --- - - -(9)

Solve (1),(2).3), ) dgefw, 0.64, W,=1.28 K w;=-0.32
Y; = 0./1604 m/s w=0.32(-2( + 44 &) o s P/




Moy Lig@e H%f: Lz, Hoy= 4
- 2 - 2 -
ZLyg=mb? L, =2mb% 1,2 2mb?
,_Lfa = -mbi-w)l —Zmbz(-w)/' + 2mbil-w)k

Hyz mbw (£42/-2k)  Hy= 3mbu™

G =2Zmu = mbu(é-i)) G = mbuwyz




7/54 W :irth wx=wy:o' wz;_a)‘
%x: “Lee @y s Moy Ly 1oy L35%;
- 2 - 2 -/ 2 2
2, mé) L,p7 2mb° ]H-é——mf +2mb
é?é= -sz(-w)_l. -2m62(-w)-/' * (g/'mez+2m52)(-w)[r
/7 = mbiw(i+2) - [é‘.'4£)2+2]’.f)




755 I X-4-% are /:r'/'nc/pat/ axes so

= w 7/ /
K= Ly 00y, 0, 4Ly ey e

AN =
Lz =m#’ =Ty
=45(0.370)"= 6.16 kg.m* %
= [ = /= & o 20000°)/300
Loty ,J;H 72 Ly N X Ry L2072
So I” =51, =3.08 kg-m =-/20.8 rad/s
w, =0
About G, H_=0+3.08(-0.524)] +6.16 (-120.9)&
f/&‘ = —-/,6/.3/ - 7‘/‘/5 kg«mz/s
About A, =_Z_;w +md*=308+45(0.2/5)=5./6 kg-m?*

Ig7
Hy =0 +5.16(-0.524)]+6.16(-120.8) k

Ha=-270j-744% kg.m*/s







7/57 M'/b wx =a)y :0' T Z .Iy
Eq. 71 gives 3 L3 a3
Aoyt dieltle B0 e
/ —_—
o ~ X o1 o+
/ 2 2
Part L, I, /42 {([H ), =t /DAAB +pb(5+[2] )}
/ 0 spb =4
o A b3 3/0 3 - J/OA
2 o zp /ob3
3 4pb b’ 4eb
2 43 3 3 2 43
fotels Zpb" 2pY 3pE

So _/_—/o =/ob3/"_‘2££'"i‘ij+§£)a)

Tezw H,=ge 5pblew, T=4p60"




7/58

With W, =, = 0 I ds
7 4 9""/50‘/-]\' \t
E? 7///?/'4/85 | 7
H, ="I @, 4 Iya“)zJ'*Izz"f:lc Sy
N=300

Mass per unit of s is 12_ -//0_57 rev/min 9.150 m
0.150 0300
z> 2/ (s cos/5°)(-5sinl5°) 4Ods »

y g (0-150 300x2%
—-‘/054'730 x:; / wz=—6—0——=3/.‘/md/5
=-a 0225 kg.m*’

Ly = 5 12{0.240%+ (0 300 cos15°)*} = 01416 kg.m*
.By ijme*r‘lj .[x
H,=0-00225(3/4)]+0.1416(31.4)k

_{-/o =-0707;+ Y. 45 k /egom‘/.s

1}

o N

T=gw-Hy,=2(3144k)-(-0.707  + 445 %)
T=699 J -



wx:a)#_:o) a?y:é(J’ So
L. T g/ves
By 2

-
Bult L,,=0
Z,, = g’m/z St3 .é)).2

2
(Scos®)(s smO) p ds

2
5/.2;,Z=/y£c/m =/

. o ,
where P MIASS per wni? length
ﬁ SIn OcosO £3= é—m,é 2515 & cos &

Ja_{'yzz
' v/ 2. 2 / z .
)74 /_5’:[_4[0) +J§m25/n9 —frj-m,ZJ/nﬁwJﬂ]w

2 . .,
= ._/.m_g a).S/n@(! St @ —_/f'co.s 6)

T3




7/60 - - =
Wy = Y=o a=w

- - 3 2
L,.=0, Z,,= 0+m(§7';)(¢,;_62.)/[ = Limr

yZ zz 2
So Mgy J + Zpu
Z/ZC:‘é) . r,
H = mrw = =75+ Lk




7/61 lﬁbaaf G, Ez 3
L

Hx’= .Z'(flx-f-,b) 'QX
Hx2=/-21-4 mbz)ﬂx { X
H){f(%’# mé?) L, A *p a

So H, = I(Nyt+p) + (L 2mb?) 1,

= Zp + 2(I+mbt )N,
Stmilerly
H,=ZIp +2(Z+mé*),

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

Thus M. =Ip(ct+/jpk) +2(T+mé?)n

where Q=12 ¢ 402, j + 12k



7/62 | 41,2 /7 4 FxG W,z W, Wy 7y Ay =0
LN

where /7;= //2

—y: E’-mrzp ) /‘7‘= (o)
Fo _ 6 R ' é
r s/rhbl _Gv-—mhw_/-miw,/!
rxégs (—Zé_'/-h[_\')x (-,-mw)(h/'f-‘—g-_/_f)
A _ - 2
= —b—iof' f_m/,zw—[ = MW(hzfééjﬁ

4
Vi ¢ %/
“F pprmew (L hB Bk f e




763
_/—,Fr'am @ 7/// AviM “) =¢U780)

J+_[Hw k

by = _];z “'z-
r _/ Iscoshessinplods
0 +———{|--x 2 w/ierelo -ma.r;/a/lmf length
z: ! Ix_2=0 —-/os'm/dcp;fj 14/2-70245,,,2;
- ds
7 "eps30° 6.20/32.2 (23/12)°
4 30 = 2<U/5«
| G‘< cos \é 23//2 24 méd
O =-0.0378 /b-ft-sec?
/47205 30° 14 .
b ‘ Izz .Z‘o /2ML +I')J
6 20 [(zsmso 2, )z]
‘0‘/05’ Ib-f¢- sec"
’ E00x 20
Ho=(Li~Lj+1 k) =(0-[-00378]j+ 04094)222

Ho=2.38/+2564 [b-Fft-sec

From 157‘ 7//:?



7l~64~| Introduce axeg x’—'j'—z' 45 < hown.

l = \ - =
i wxl_ (A)S\Y\dx) NB'—O) w.i/ a)ooso(

\ 2
T gye
e /Io_(l , I 2
)
/:xl Egq. 7 yrelds
z
\ 2 ' ! 2 1</
\-_-\:(Z‘_“mr)ﬂ&l'\xl_.« + ?_mr>uCOS°\ i

But(i'= L coss + kSina
k' = -isimns + k Coga

Thus H:"‘-mr”‘w[ (- Sin «Co&x)i-_

+ <S\'nze< + 2cos"o(>ls]

-l/H-k
g= Cos <’~'H—"->= 49,° For x=10°



7/65 Wtk CUX:%:O) w$=¢u, the comporen’s of

/—L/O are 'L/Ox:"-z;g w;) /72:-—1;/;4% / /-/az=’[3éw3

Y
By inspection Z Z:

|
- - B! |
J;e o, Ixz-o :’9 L : ”
|
| VR | I

Lpg=2(Z, +md? R S
- a8 2
‘z[zl’ém(“'"m +m(bz+:_$.s/hz/g)]
=2m ["3'1125’;"2/’ +57]

o
I
‘<—-——J
/
b
/l
/
==
~
¢
3
~

Thas Hy = 2m [é—lzszhz/s +b"]w K




7/66 ! let (1= angulor velociy of k-y-t aboul Z
For axes’ ﬂx= -Nn S‘//"l@] Dy*é:ol ﬂ!:_Q Cpsa)'_n_:Z”‘f
Copsule ! W=-N s5ine, 4,70, w, = Necosd +p

o - v 2 . . .
HG,‘-Z):x“)x =mk (—er/.ﬂn@)) './'/Gy’l;ywy £5)

2
Ho = Lpy e = mk(2nf cos6 +p)

Hoz 2mmf (- k' sin6 ¢ + ko036 4) + mk'pk




7/67 Wy =~ | W=, W= p

£5. 714, H= H +03x6 08 = bz G-my;

=-mbuw, k
OBXG = bzx(—mécu k) =

2—
bzwzJ'

- A 2 5 - B
XX 4_mr 4)/ 4/77/' 7. mr [ =7 =0

2¢ 2 xy "~ x} v
£ - 2 £
5.7/1/ Hy=gmritw,\ L+ Fmr w,J +3mripk
So H =-

/ 2 ¢ 2 2] ¢ 2
-— /
4ml‘ w, L +mw2/6 + L )_\-/ ¢2_mr /a_A'

- 2 ' 9p? ,
= g {-W,i- +(/+—r_a)wz__j ,szé]

From £¢. 7405 J=LU -mU + 2w-H
7‘ Z -2 < 2 A

- Lm A , ke L
6‘07~-2 6602 +2(w/_ +6U2J+/9-) (—' w L




/68 z/ \ @: z

Use principel axes ’('5'1' \ L‘*’ ///3
6)30= NSInﬁ) ﬁ)2:= ARENY | ER Y
Ty'e' = 0, Iyy=mr-, Tyy = % mrt
I"'S' = I'X'E' =0

H = I\(j'yl OJJo il+ Izlz, w?:'_k_'

=0
But (' = Jlosp+ Esif\p
g/ = -\;;s{n(c + K Cos 8
So }-io = l‘zmrz(,.) SmF <\.{ QOSP-), LQS"\F)

+ \mr”'ums{s (- Jsinp+ K Cosp)
= myw [::11,‘5\.“2(3\_]_ + (l"‘z‘SinL(s)k\}

T=%0 H = Emfa®(-Lsinp)




7/69 ’ x-y-z' gre prncipal/ @axes of rracrira
50 Lt Lyt 0, + AL @

where _Z;Ik/—{z’z—a_’-mrz) j;yl=2/mf
wx-—w) cuy" P, «y=0
50 b= ol b g = L (2 v p))
=j\%(f‘—;ﬂ’%”_¢'+ <07 ) o. /é%(u&'j)
J=Lewe +l .G =2 ' . 2 /5-"3‘/‘-~S¢"C
2= Lo T3Y°GC -'—(wc+,b./)'-’—mr /‘_‘:’g -/.,OJ)

(—f‘coJ) (mrwJ) wherc r-/okm,
/
Fmr z('wvt/a’) # L P00

2

S §429+ 63.85
= 149/ FFr-/6




7/70| r=/00mm W= 4ir rad/s

b= 200'”’" b= V-_b_w=<?27'rad/s
m=2 kg r

£5.7/1) helds for porn? O as

w
‘/(Q’ a Sfixed pornt on axis of disk

- W20, W, = - =817 ragfs, T @ 224
x40, {vy‘;;'”f = 3(210.1)"= 0.0/ 4g:m?
- o
zfoz -Z-zz' Zmr+mb :2(2 o.1 +0.2)
= 0.085 kg .m?

o =) =_'Iyy cuyvl—_é']z'z ¢, :L/'/-—é-mr’z/j) +_l_r(2’-"m"z¢-m62}a)
= 2 , z
a2 YA AL
= 2(0.0) % (—2—’ 2/ +[z+4]k)= 0.25/(-J +4.25k)
C AemS
T=gw-H, =

b =g (I e rb)-0251(y s 425
3./51+6.7/ = 287/




7/71 l 2 Llefp:zmass /x,- unit of panes orea
/
/( Leos )2 sing)zcpal

\\\ b
X o \«,dl
_ \«t s - 3‘/’Cb 510 28 For 2 ponels
2-"" b Iyz [y SO by symmetry
Ly =T, #md? for cach panc!
for fotal

Z, =z{26cz°[c +.(ZbcoSB)z] +ibcp[a+§]2}
4bc/a{- # —cos % ta ""Cf

"'j;(z“’gé *'I“,w;lr , m= 4bcp (;‘o/‘a/)

8y Symmcfoy, prmel,oa/ axes are o-/ O- 2 o-y
Z = m{c;bf“ fncf (max)
L,* m{ c?tasac § (/n fermedio’e)

{,‘3"’"52 (rminimrum )



> 7072| w, = Wy=0, Wy=w 37 202
H')(= ‘I')&zmz H =-1T N @}_XO
AN B e 0" —x
Hz" Tz | 2L_Z -- X
2= Lym + Mdydy SR
| -c>+mr(‘=>/z§-—~m~~£k 2| .
.

dT 2 = (r sin 6)( 23 Prdodz _ 1
3 2

) SEv

Tyt o ““L Foso)]] 1

o
= - frtpt = s

(or mare S'\m\ob 131~L -t-Hmd
e
T .=T,,+md?> = (T,-wmrF )—\- m(r? +'F7‘>
= T,+mrt = 2mr?

| =

H= mrw (’b{b'*%'d +2r|_§>

—— -
-







K-y axes: ZM, = I;ni;)f (From 5’3,27/23)
- - z - mMRkw
"‘B\:‘L W 83

3
ZMU = 0) $X=o
o
X-y oxes: FMy= I{j'z' ‘*321 )
Ayl = - mER * Ay = - Mo

ZMj' :0)




From £3s. 7/23, with ay=co =0,

X
- z ——
! fo'{-/;“’a ZM 'Z,;;‘Uz,z”"o
l . '
- 64 - %4
A ) 42' —m?.fm&/ J);Z -m—Cos¢9
x So - B,c= -m_"_f.s/he (w®)
< 2L
~ - mb!a) ¢
5 w 2 @- ———2—— 5/’)&
Y
J f-gxc .:/713!6055/“)}
2
8:‘m6 w* .
" 5C .5//76[ .
mblaw
B<lel= 242




7/76 | zZ,

@ Q
@ pb(-5)-b) s +4pb’

_hY/.- 3b
@ pb(-b)(- 38y 2pb°

@ . o
@ pb(6N-£b)=-£pb’

© polR)(-30) = -3’

< 3
et g pb¥4 ¢ -5 - 4) = -2p0?

From &5. 7/23 ZMx:Aj;/z “4

o 2
M = MX.. -Zpbza)

.

J




7(77 TMy= Tyeda-Tul | =

K29z |
SO et es o (3) = tow £l
m b= 150mm Iﬂ=-mbe=—6,(o.|5)(so)(|o“’)
K-—==-- A = - 45 (lo-to) kj'm?‘
2.00wm Thus B(O.Zo) = 4500-(»)( ,047)
= 247 N

For or'lj'\n of Coord;notes x'—j'-a

at C) ZM3,=0 ) Since IX,2= 0

Thus 0358 - oush =0, &= 23 (42 g

——————



”
'Z);z :ﬁéa’m _—//rf rcos8)(rsin 9)pra’¢9 M = -My
7]

mwr
= pr3[-cose-—jcos 29] =2pri= 2 ;2
o Vea

JO M= -2 2%
M = -}}-mrw , =}%mrzw?.




7/77 Z,V/z= Iza( where Iz /s 3/’0:»7 by £y, 8/r0
with Z=6059, m=g n= Sin &

2 0 U e
Thus = 2 =

Ly, = L2 HLyymi s Lyn+ 0

= _Z;'Cosz& + 0 ¢+ Tsiné
50 M z(Zcos’® +Is5m6)x
A7

m -
.éco ) +I5/n20




7/30 - 2 . - 2
___I Z/WA):- Lwy ZMAy- =7, 4 %
fy;mb)bg L8 bb +(p5) b 3?5.- 363
sz- = //6):2{’.5 f-//)b)b%é: 2/053

M)C: 3/63w’, A/g,—' -Zpb’wf M:\/sz+%2=)//_3_/b’w2



IRARLAS A AN
,Zl':o)I2=Jﬂba 2
[3=7§Pb3*/’b(£4 sz.- %’-pba
I /;6(6 %% = 206>

ﬂws Zz2 ﬁba/ *""‘Z)‘}ifbs
£g. 7/23 with @ = Wy =0, w = wz‘

. am,
ZMy= £, Cu : /Jb ) wz-//pb%
From Sso/. %o Prob. 7/80 Z, =306% I - 2/063

3 3IM,
ZM){ '[)(3 wz . M Zﬂb _,0.93 = /_/_ Mo
ZM -'-".[ 6(') M M =_3 b3 BM _
y = Tve "% 0 ey 2,
M= 2 Z= M r—————
VM oAy s Zoyg2ege - 32,




b/v2
yz /yzdm:\/y/.)de /yﬁf

(53 -53) mbz_ 3(0.2):‘
6

2z 2v2
2
Mx‘ c.o2(2onm)
s 790 M-m
On plare Af = 72.0_4_,' N-m

but acting en shafl, A== 7900 N-m




7/83 ' 7 m=1.20kg y _
i | D
¢ 1
z

b A b | b B b

D
/200x21 "~ \\ g =
“2= " ¢o \
N § b= 20 mm, r=100mm |

= /25. 7rad/g¢¢

v _
N=/200 l‘ey/nu'n . r ’31”":= H2,4 mm A

Gl A x
(o —

From £9s. 7/23) about G, ;fr _ 5 ¥ ¥
2 Gl F
My =Ly e, 2My =L o, { ! %
A x |

x Y& &)
IMy=0

L3 =0, L ={0+m(26)(7)] +{0+m(-28)0-7)] = 4mbF7
= 4/(1.20)(0.080)(0.0424)= 0.0/630 kg.m ?

ZF =0 so A =8,
ZMy=-Ab-Bb=-YmbFu A =B = ZmbFa?/b
=8, = 4 (0.01630)(125.7) /0.060

7
4,-8,
= /608 N

IM =0, A =5, =0
£z 16080 N, £ =-1608 i N




.
Egs. 7/23 become

ZMy=~Lyy 0, ZM = -1 ot 2M, =L, o
From the solution Yo Prob. 783 1 .=0,1, . =0.0/630 g.m*
Also I, = $(2mr? =/,20(0.100)*= 0.0/12 kg-m*

where m=mass of semicircalar oisk

T/84 | wirh W, = Wy = ty= 6, = = O, & = VIO rad/s*

| 8,
| S PR "
= 2 ' b
Z/; 0 SDAy 57 > _C__z
M, =-0.080A, -0.0505 4 M
Y g | Ay
=-0.0/630 (900)
j:57=?/:7N b=:90mm
59_5=—?/,7J’A/,_/:@=?/.Z/‘N m=1.20 kg

] =a’é= 900 rad/s?
M=2‘M‘7 =0.0/2(900) = /0.8 N-m



7/3:’" wxz'wg:o) alz=¢d)

Yy % - 2
“’x‘“{y'a{f—o -[yz =0 X—g““\‘:—
so £q. 7/23 becomes

z% =L "J;

a’I =dm(s cos O)-ssind)
Iz ——Sméa’:g/o/ 5"a’5——/o——5m29

X2
So Ffor complete éar .Z =- ﬂszn 28 (b°+c?)

/’”5/0?6'—“5‘9 P9I —co.sﬁ ;ewz/éj+c'3)6m9 cosé
2'2{62'62) cx&—ji (.63+c3)w- .Sznﬂc\é

. 39 b*-c*
Sind ==L =5/
2e* bIrc?’ “ b3erc? 2w

provided that w?y 39 b-c* L hperwise cosd=0 8=90°
2 p3+c3’ g




7/86 | w£ N=mg ‘2

j L b2 e

J;z—J;IzI*Mdydz .y__—ol_— &i 9:

7, fzs,ha Lcose dm , _f\y_ '
= singcas6 [Ldm g Y’

Sthf cos® '-2):')('

Mg

7 . / z-_L 2 ’
_2-5/n Z@ I—a-mb s 24-Mb Sin 28

%

2 .

z __’7;6 (3% s/ 26 + cos 8)
2

£9.7/25 IM, =0 +1,; @y

2
my (-gi-% Sl'na) -mg -zé = r—:/lf (;Z sin 28 +cosé)

g tand = b(%sfnﬁ +2')w7‘

2 .
[Z=Z_'4mb Sin 26 +m,(-2‘2_g$,',,9)(—g.cosa)

w = e 69 tan &
b 4sine +3




7187 ZA/J//: ~Ls w0y ) _7)<z=/(x'caso()(;c’5/h x) dm

C_%)w - Sin 20(_[
Nx‘ 2 Yy
=L 2
e
f E o I,,= r?-i/’;4/‘2~5/"'? 2o
Z 7He s _%:(_ém,-"swzo()wzg
But momernt on shof# s
M:/.éml’1wid/}72d),/,




/88 | For fpar.allel-P\qne Yy —— ——
motion with w.=o e IXE:O
Egs. 7/23 give

J

ZMx: IB&"OEZ
bCosf
13?:= fazdm =S 2 tcm,s fdz
0

where £ = mass per untt of 2-dimengim
23 b cos
Lyz = Ttanp —3—)0 b - & mbsin 2B

Soe MX. = Jé'h‘\\oz'ooz Sin 2(3

(Moment due +v weght s neg\td’el.)



M, For parallel-plane motion with Wy =0
and L,o =0, ““)E: * IJ'& = ‘(E' b Sin 2
(From Tht solutimn fo Pk, 788 ) )

123 give
ZMJ = ~1yz 0.3& ] Mj = "&' mb = sin 26
ZMp= T,,0,
Te= Lﬁ,%@-(hzsinz(s +‘o?') f (‘From Table D3)

(f= Mass per unit of bz ? b/2 ———x
|
|
|

areq projected onto N-y G
Plane | ™= Phcosg )

'y
T T,, = S (e )P + bsinp (st
=T= mb <|+ 4 sin P)
So Mg =ambix (1+4sin%g)




7/?0 IFpom E?, 7/23 WI'*A a.é:a/)tbz=0)
_ 2
ZM, =Lz w
J; .= jqz adm = //% .n‘n/e)(y‘ L‘o.s‘/ﬁ)alm
:J/I?/ﬁa.f/ﬂ f%za'm
= '2/"51"1 2/8.2:“
=z".$/'n Zlﬁ(émﬁz-l-mez) Y%
= %mkzsl'nzlﬂ
So mgRsinf =(£mR*sin2p)w?
, _ 1Yy .
Sinf (9~ ZRwx 2c058)=0, f=cos 5,@5;2 w

otherwise =0




U4

Tz = g’xzdm < J%E(%w)fdx
- 9/4_

Where = ma&s/(x—mmp. of Ienjth)

I3

= -
Xz = 4—?—sz) uhere;M~—ﬂZ—




J

—
—

)

=W "0 W, = X =

132 JHZ‘.o\m I(r51n6)(2r—rcwe)frde

_fr3j (Zsme sin ecssé)clé

fy3 E&-Q Cos© - +Cm326j”

= - 4P3 = - '4‘/'Irpr
~O_€l= Zr/cn
Eﬁs. 7/231
2r 4mrt 2
‘ mj("ﬁ"—M - A ®
zr Art
My = mﬁ(”) i
J My=e ) Z Mgz=o0
Se HT Z«Irw(g + Rrw?)




’7{93 I I , = j/x/ zé dm

. a | I ) !
L - feR)r e
/ / 2h l — _b_ ' !
Eoxlesh _g( 252) )f(‘szda
-h%f ¢ / \°h
Tyz = %Jzzsdzl =-)Tmhb Sinte M= =
)
=y = T el = i - B2
= ""3“'& Y‘r\hb S‘\milarlj)lxz’: IZMH') + = 3 mha'
' Alss ) Tz = Tmh’ Ija‘o
/<\x Eqs 7!23 ZM.=T_,
3 =?"‘h2
q( wE: - 2 /h
ZM:} 0 = A =0
M, =-x —Q3(2q+b) +ma<c\+ ) I’xz y

S\m‘aln'fblnj 93_ A= m3/(o




»7/94 U=n0T+ aVe + a'\@
O =v—é_‘1__zz coz - mﬂ(h/?»)

From Trob. 73/:3 Izz-. b hl) So mazzﬁj
1y .
T, ZME:Q) w, =0

l) ¢4 \‘X
— 2
5, M= Tyeo?,

Ay
Z/ s
\H: "93 <Za+b)-r M3 (Q+ h‘)

“m\'\(lz'i' 3)43

A, = 9 7&12B]
J 3 2a+b

ZMB:—O : A‘\L <2Q.+L)= O) A’X=G

A=y - L[ Ler2e

3 2a+b

™3




| M= Toxps -Mis TRy
Q0 s o 4 K difection

Se Precessan s CCW when Vitwed Fram olbave.



2 b
/] 7 lﬁ A_l‘_‘_

| M
(Side view) (Overhead View )

M s The wmoment exerted on The handle

b\x) The shudent @ H 18 The uineel angulow
b= L AR
mamentum | From M=h = 3% ; We sex

TheX A‘i s i the same direction as M.

H' iy the new cngular mamentum . The studedt

Wwill sense o 'hndencj of The wheel o rotate
> her r(jh‘c .




___l7‘/97 M = .Z'{I;/a

y .
! 0.8(7.81)(b-0.180)

[ .

20,2 radfs  _ 2 1725 (2m)

o 4 = 22(008)(02) LT
M b-0.780 = 0.0364

2P x b=0,2/6 m or b:=2/6mm



7(98 | »

y [
M < S [, '
Because o//b@esg,”, v 4R
a2 / AR AR
jyro scop/c momen AR

agnd rcaa‘mj moment on bus 15 forward. Res«/?
1s Thal Fhe Sforce under the ﬂ;h/ ~hane Fires

18 Increase 74




48x21T _
o = 5.03 rad/s

R=50(9.81) + 4R
3.06(5.03)8.62) Sresreas
132.6 Nom

A= DR (b = 222,
/)) AR 0'600—22//\/

I

M=Inp

= 72N

Thus R=50(9.81)¢+22/







7/701 | ll'\\ TM

!

I.....- - -

\v”’ P

J/df vrew  Tep View

Prlot wouwld @apply /eft vadder Fo countr
the clockiwsse (viewed from abow) reactron
o Ffhe gyroscopic mmoment

M=2ZQp = 2/0/0,23@2[_/.2_?_:5%0&’) 3800]

(10.16)( 0.0877 )(1%85)
168 N'm

| Rooox2r
6o

]

"




Rrward P =20 000 gzz’r = 2094 rad/s

L= 2 radls

=3 570 079)z+ 2. 4[0.07/)2
= 0.0337 /\'j’mz

M=TNp (:,V{A + M)

. ‘\( o.15C :0,0339f2)(2094-)
4 M C=D= 948 N
C




; 4 Z\
7/03 | n = /{_‘%77 20.1745 See '

r= %2-77:5‘2.4-"&'%& *""""’Tﬂ_

M
Z=222 pq35s M
32.2 /b-}/-se_cz V\
M=ZQp |
= 435(0.1745)52.4 o

= 3970 /4~ ## N

As wiewed by passenger
. Sookiny forward
Conclusion® Ccw deflection




M
i

N

L

-

M=IIZ,0 =

go(1.45)2

M needed on Sirwcrre
of ship Yo courterac’
re/l to port (/efr).
Leac tror on gyro /s _
opposite fo AT en b .
Proper orrectons of
R, N At Fhowwon - re;az}/»'v
rota #ron (6) of wrofor.

760 5{ O, 320 = 5410 hN oy



g
(2)

Cose (@) Zszo; 56 no precession
M= 4(9.81)0.320 = /2,56 M-m

mGb = 4(9.8/) 0.4 = 1570 N
4(0./2>2a J600 /277)
60

0.723 rad/s

Casc (6) EM,
My = L {2p /570
N

R=mg
‘ gﬁ’l) Ma ZMAf o: Mg= ™3 (0.08)
Ma = 4(2.R))(0.08)= 3.4 N-m

0.08 m mﬁ

n




7//06 | d mg —
i m9

n7:4(msd M

=392 N x((

L= 2 radfs Ms y M)C

Consf ma mg

: A%
or rafer 3600 (2n) l -X
n
My= L, Qp= 4couz)' 2 2250 4 <:M
Jo /V{4- My - My = 43.4- 39.2(0.320)
= 30.9 Mem

Z/\/’yzz;yfz but 2= cons? Sa.(.Z-‘-O g My=A/0:o



7/107 ' From Lg. Y30 with © small so0 thet

cos 8 X/ e precessronal rare /s
we b . A 3

Z-L (L)1 4

Where the minus s/5n imasiaks retrograde
p/’?(ﬁ.‘.’/()ﬂ

=-6 rev/m/h




" o e /725—-/305

IB /o
Qﬁ 4

T Stakc reactions

| zom 4k g=te=0m

4R

M = [(zp)'

2(0R)(6/12) = ;—-2( )(503)(/90.)
AR =2.20 Ib

@Q: JO =2.20 = 7,80 /b
'QB= /0 +2,20 = /2.20 b

{ - 482”—5—03 rad
Sec

rud
“sec




7/109 | Let m = mass of each cone  \E
From Jab/e D/¢ '

e 7222 prtetm il
£=Z, 2{20'”" tgm by

Z,
= %r(.? +2{—f]]z)
-7 -2 3 z
_Z'-_Z;-Zl-brﬂf

No wobble or preession 1f I=I |
2
5o (3t2h)z6, Hr=\Vikt




b M0% ¢ : (X
~F ‘
| ! ' 8 /b
2 Lo, 7/25 | applics

7y r 32, 2 , d
Y, =2t LE2R)T__ a. )k d
™3 kp 3% (3000x 27 f60)
Resulfs ore /. 25%60_ )
/ﬂa’cpena/cn;‘ of 70- Canst, (0" e — 11.75 rev/min

M=IQp sin 70° mhk (-—-. ),O sin70°= mq F sin 70°
k20
wh/clr agrecs ot Tre e ﬂﬂqé/.s/J 4/5/)&7‘2‘
wherve fM O gives A= &xFs/h70°
M= 677, /6-/n.




7| , ,
_/_1_40 =mg Zh sinb (-1)

So change in anqular-momentum

vector /s in -x cdirection anc

precession /s designated by
Nk. £g. 7/25 qgives the pre-
cession so the perioc is

7= 27/

T= 211/(;9'{;) For the So/z'c/Cone) P =§},

g From Table D/»‘/} I-‘%mrz So k2=7% r?

Thas

= zn =47Tr"p
3gh/4 Sqh
3 —7
5P

oz de/oenc/enr" of 8 for large P




7/ 12 l/:or' the g/ven direction of spin P = " M
2

the friction force acting on the cone N
at Pwill be in the +x-direction. This N, zG
force produces a moment Mabou?t G, p 7/ M,
a small component of which /14/) /s y
a/on9 the Spin axis and tends fo recluce 9/ /
the spin. The other component M, | 4 y

caunses a c/mnge in *he pm'nc/'/m/ angu- P

/ar momentern .[p /n the direction of M, , thus causing

8 to clecrease,



n=v/r mg/2 my/z
_ Rear views /

ma = muo¥e M= mah 50 M =mTh /g

M=INp mvh._ 2,r
) TR Mok g h

b= 2 Uh  opposite dwcction
% P fo rofartion of

whHeels .




7/1:4]

£
2
2
2

PR R

D//'-ccf prcccS.S/bﬂ oF 1‘-’/[>/)'

Retrograae

| r

/"

Z= = mrt
- - 2, 7 2
.g‘,z;x 2/77/" #;—;ml
——X% )
_.z_;:_,.,l_/.(é)z
-z v
1, 0 )2
$+5(%) >/

1 hfm<l




L=lz=2(5mr?)=mr®

r = =20 L port £)?
e, 523y = 2(mreml))
oINS = ‘—2-’-/?’)/"17'- ?’-mbz

Precession 15 not possible
when f=1; (6=/3=0)

Lrr® Lmb* = pr® =
Jo ‘z”’""‘g”’b-”’", b=r



7///6l F"/'on/), £z, 7/.:'?'0 #he Freqguercy of
precession rs [ Y . J_I Z

| 27 an (L -I)coso
with ms&z/)'_ﬁ_ 320 _ 5 4, -

2mr s0 ’
g L pr?
g wrth For 3 3 —= -2, (nr;‘royrﬂ‘dt
> —2~mr - ir /on:ccs.S/on)

F=15(-2)] =10 Hz



7/”7' f~ror Ey 7/30‘
6= 217 .~

(Z-Z) cos @ [(%/j)-—/]cose
Wwhere ]°/Z' - ;f‘mrz

. . 3oolzr,
Lopr2 2 0 P ——-———602 /. /107 rad/s
- M 2
7= ZV/NN Cosd=cos 5°= 0.9962
~ [(/2-1]0.99¢2
7= e = 0.0996 s
lomr -

Preccssén /3 rc;‘rajraa/e Srnce 2 >_Z;



THI8 | Case ta) p= "22527= g roafs

60
&= /-55 o ) ‘1}: o
Casc (6) p=47r | 8= /00) ];/,Z= /0.3
From Ey. 7/‘30J the precessional rafe 8
p=~l 97
(%—/)605@ (55-1)cos 10°

= 547 rad/s

From £3. 7/29,
fanﬂ:z_{fane = 0..3/4»7/0‘: P=3.0.5°

[4]

Case () 6=p= 90‘: p=0
{/'1' 47 rad/s




7/ L= moment of rocrtra @boul +#s

lowzgrtedina/ axss = /__é_m (a %2 "y) =2
%‘: roment of werke @bex? Fransierse
0 - / 2 4 - N-
,4X/s :hm@/r o —/—Em/a. ;‘2)) L=62a
2
Z/r fam @Y g et %

£s. V3o ¢ =_7F - 200 -
9 %’ -4 . - T— = /35.4 m'//mm
/; ~t)ese  (Z-/)cos 0°

od cwobhle 7= LO .4
per/o of ) e 0.44.3 sec



7120 | From £3.7/1% Aiy= H, -H0,- 740,

Angular velocrtias of aves are

N7 wy=y, 70,20 S0 AMy=hy

But From £9. 72
#y= Lo p ~ L Wy = L5 s

4=9) @y = é:'o

/ > 2 .
-l-z-m(—ZS/nd) :/_izm‘llJ/nzd

where =
Wy =, w

]

X x
I = = L e
Xy fxya’m-24ml Sin 26
[xz =0
7hus o 1, - 2 2
- - / =1, ,
M_M)é-:/_t- ;Em,e Str2 d)a)x-g-ml ¢w¥ simg cosd

= L ,£1 w S 2
/2m /o o ¢




. 6
=y L0002m) 41.9 rad/s
= 2_ 2 \ :z.
I-n;/ro—seijfa)r085>z INURPYY.Y5 i | (VESVYS
- . j.m
L=1I/2 far thun disk

mg=5(9.8/) N

Use notation o Rl 4  £=290° 20°= 70°
of Fr5. 7/20 o= 7
g £3. 720

M = Y 5in @ [I(Ycosé +p) -1 Y cos o]
41.9 5in 70°[0.0361 (4.9 cos 10°+ 130.9)

- 0.236/(4,.9)@5 720°] = 196.3 A-m

M =-196.3{ Nem
Also for disk Zh=ma,:-F=-5(0.3 cos 0)41.9)°
<=2470 N

Shaft: ZM,=0. My t+196.3 =2470(0./40.3 sin 20°)
— $79.8/)(0.3¢co520°) = O

M, = 319 N-m




7122 By symmetry I =1 =] =0

for whole propeller.

Let p=Fls) be mass per unit length
50 dm =pds =£(s) s

Blade I: I,=0, ny///;)c/;xs’ =7

Blades 213.’ J;cx =///5)a’;(5 cos 30° 2:5[

.Z;m = [#(s)ds (s sin 30°)* = ;4'—.[

Thus for the three bladles w,=Nsin®, W) =N pcos®
L= 0+2(;,‘31I) =27 w, =0 o5 ==L sin 4
I77 =l+2(3I)=21I wy=b=p, wy =0
Tyz = 31

From £g.7/21 M, =7 cw -(I -1

XX "% 99 Zi)wywz

Mﬂ :_2;7 a)7 _(J"ZZ-’Z;‘% )“)z”x

=271 (~apsinb)-(BL-3I)psin¥=-3lapsin ¥

act/ng on hub; reaction on shaft has opposite signs.

The magm';‘ua/c of M /s M:‘}/M; +/M; :3_[_0_2



2N x: mgl 5in 6 = m/ Y6 i )
NP
where '[o:'z;ék 4mr+m[ .
{ ! ('45"53)6=—é-mr 9,5-_.---.(5)

where f:z’.mr‘z

> 7123 2” = & O, From momern‘ £os. 7/26
[
I
[
|
I
|
I
| Bz 2.0 =Lp where wzz=otp -~ (c)

~. From (c = cons?
AZ b 2 VH’”Z) R /0 .9 .
From (a) i 494/5 @/& /2 Sin® Jdé = [— Yy )/5d9

wh/chj/wcs (9 = é’jl/(rz+ 4_1)
From (6) -Az + &, =§m 9,4, Sor =772 ... (ol
Also for 8=1/2, sF=may; RAz=5,~ e dd”
Solve (d) & (c) § 3¢/

Aé:_ma(r,b*ja) 6;—2)/—237
whereé = rip 402

5;?: m@(h/b 2)




»7z4| ¢ = _LP

/ Y (T,-T)cos®
6) No precesin 1 T,"T
From Table D4

T=T,,° 2(% mr7'> = St

L, = I‘Xx = 2(—% mr1+-§-mh")= —‘% z
T=Tot Fme = e+ g mh’
(b) For h<r7: ‘ I,<T;

) .

)
re"tmjr“&@ precessiom
Body
Cone
(C) h‘r) Io:%M( r%mrz
= 3
= 3 mr
T 3/5 _=z
T, T 3)2- 3k 3“1
-
p=Roo (Z8F)= 2e1 5
“ar—x=— v
e: C0:> IO'I w
-1 2 2019
=Cs |3 R




’7// I = -7{?- constant prcccs-f/Oﬂa/ rote aéoufy axss

= gyroscopic moment on

Y M, Z-whee/ = If) w

3 1) M= moment fo acce/erw‘c
|
! X-whee/ I.ﬂ

Mx* fo Jo I_ﬂ w--zﬂ ﬂ f-w_ﬂ 0

- M,=9 yroscopic momcnf‘ on \24)
M, :iﬂx x-whee/ = -2, 0

?1//: ef;: t=0 : M, moment fo a.ccc/ero/e
by n,=o0 ‘ Z-whee/ = +If2 (b)
n,=0 so TN, w = +\/fl .Q —wll = =0

Combine @) & (b) dje/'n +a).n. =0 ( .rz +w12 —0
For grven conditons at t:0, {.{l o= &/n 534

fl'_: N cosawt

Thus mofor tforgues
on shafrts are |

M= -Tw) cos wl N,
Mz =T, 5 wt
M =N 2o a2

Zwa, -0 |-
wnsfon/‘




=-4, cos \S/nﬂ

P 7126\ nith =11,
L2 278 S +/3

Z, (co,5m 1 +4)

I[a)ocosa’tas/ﬁ #p)
certh My = O,

"
N
&
I

Secong/ of Ko 7/79 becomes

0:_25[0%/&)—[/%605{605/3 fp){—-a)oCos)‘S/ﬂ‘vﬂ)
~Z, 4, co5 ¥ 51ifB (@, co5 ¥ cosB)

A/ag/_ecf a)oz ferms & replace J/hﬂ éyﬂ for .:’ma///ﬁ

B. +~ /cz/s =0 where /<a=:z-€—-wo,0¢05 A

This 135 srmple harmronie moton cwith peﬂéfef

7= %: V4 S Jhas gyro oScillates
Leg, p cos 1 A )

ﬂéoq}‘ vorth directior & corth Some  cd@imersns

wrll alwdys /bo/olv/ rorrtl .



7/ 127 l Angu/ar' Ve/oc/;‘y 2 and/ /e/aa'fy v of peint Aare perpendicular,
Thus w-v =0

W = w (300 +150j+300k)//300%+ )50+ 300* = 3“—’ (2i+j+2k)

U=/5i-20j+ Lk m/s
Thes éz (2i+j+2k)-(/5/-20j+4 k) =0

30-20+243=0, =-S5 m/s

U=f)524 202+ 52 = 25,8 m/s

=d RS _2(25.5)
U Zcu)c/ == =

=0 . 283 m or d= 283 mm
/720’(2/'[;60 -



7128 |

o /50(103)

=== =/48.8 rad/s )=
P=r 60*x0.560/2 8 radf. 7o
>LA‘D
D = /48 8 k rad/s / oS
_30rx 0
n-= /30' = 0.524 rad/s // g

L =0.524f rad/s *

K= xp=0.8524)x /8.8 k = 779 { radfs’ £=779 { rad/s*




7//27l/l/79u/0r velocrp vector

mus?t be along the line of % w
contoct which /s the

Instantaneows axi/s of
Zero velocity.

N=8x27 = 3.4 rad/s

Law of sines gives g 30"

. . y -]
Q50 30.1° = 31,4 [54n 14.90%, w = 31.4 %oo

W —=—(lrk) = 43300 44) raa/s

IR
:

XD T =309k x 43.3(0 k) = ~/361; rag/s?




L=y * Ly, gd-/a=(o‘.2)g’
=3) . /sec
(Y ) opmat = 305 I
-y fo A8
-3 Ve 3* 4
= = /”‘/SCC
A/ Vélf'jz" zl 7
ﬁ,cc V3 /7
wn'-' 7 :Lf_g rad/st
49
w
P n
vy . 5"
W= g (£€0sO & b 5in o) N\ 2
|
= 95 2/ ,¢_’_/f) 6°
sa\ 7 TGt f
I__};_-_x‘

-9 .
“n= o2l tk) rad/se,




131

Direction of bearing forces acting

8 on alrtrame
-—=2

X
'

\:__
»

‘\g
&)

7o satisfy M=Iaxp
p must be p,







7//33 _Z:.Ua‘,/. g)nx_,’,‘q/’
W, 15 perpendicular b AB

where
-’;‘/13: ~O/¢ #0085 ) +o./k m
Yg =05/ m/s
Uz =0dwi mfs
Thus £/ kK
~Olwi = 054 +| Wa @p, Wy

-0./ 0.05 o./

f‘x;taarm/J equofe Jithe #erms g et
=-0/w = o /a),,y ~0.05W,
0.5 -o./w,,‘-o./wnx

© +o.05w .
ne O /w,,y
Wn' L2g=0.

o =
o
A/sol W, L + AB 3o
S0 =0, /a)nx +0.0% “ny +0, |, 20

Solve £9s (1), (3) (4) & get
W=2,5rod/s, w

n= %(4_[ -2 #5‘5) rad/s

)
@)
(3)

(4)



7/134 I et m= mass of each oF /e

I Fowr Ssides

S/ I m 2 g2 2
bA/ L7222 (6%2%) + s me F gy
2 = m(szflz)

L=1, ¥ Zo*2+ [@4]2);4_3@2
or .2/6:\/2

% £9. 8o, L2L'=T = 2(2024 47

T N NV U .
<
AN [F L>bv2z _€>];.’ drrect precession

No [FE<bVZ, .€<.§ refrograde
| T precession




735 | .

et Q2 be \I \
The angular

veloeity of the \l/ - ¢
axes XYz. ©

Q= F-(jsineskesa)
Relatwe 4o The Ayz axes

) o' is ‘Ferc{ and

C moves With speed (v Sre =R 7

T
So Wy = @qu( )_— 2’[2 rf.
Thus W = ?‘3’ [ R '

+J
cull [( _I:\_ R‘Fgrl '5]

"




_ZI_BLI From The Solution o
Prok. 7/’35) The absolute
angular Velocity of the
disk Is | _
0= F[FR)i+ L k]

@)

x=Q Need.j=.1_1xi = %(J’sine-»l_gw&)xi
=-%csetl = X —-—&——“{{1 i)

= T
and k= fAxk = %—(35\’“6*’& %sﬁ)xk

o A
. = ?Smé_t = T R

A\ r -~ . 2%
s == G (L& MG 1

- ZQTB‘L R?._rz L
v r =




/137 | From £9. 7/6 12 A

2l n
Y=+ XDt \\0l roy
Y= 0_r)_xr'/_2/z'( 1/2 ke V! -

Q - \' r

8
(/R*=r%; +rk) R

= —21-_2 %—z-—k)_& -_Q-=;2_—(J.Sm€+/ccosﬁ)

=- - R 2r); - 2m =2Z(r YR*r
Zrel =T M L T T)EE R 7 gd T T4




7/138 I(/.s;ny £gs. /6 T A

£ 0.
2,=a, +_{7.x;2/a+nx/._r_).x_r'”o) \%ID oy
+2.n.xu;_el+a rel \\| ,r
=0 n-= 17 g

T2, =

.n.x_A/o—z”" N Lialsi k) ° R
n= -?Osmﬂ-rkcasﬁ)
(vE’-rJu*k) =2_/—_C +Ve2—/“k
_z;z(zrz ) (el T k)
nx(OXr,, )= /29(2J+ yR:r% /.Zr )

-2 G )

Y, =-re rel—’ = -r‘(—@- gﬁ)t =—2‘F'

an-?;'e/:ilg‘{eJ* -r’-k) ( 27 p (ZH)?/Zz_ri’._rlc)
Gpes =-Teg,, & ____,,{;_g%_;_r)_@ = —@'E} ;@_‘5

Swbstitute, simplity, dget
_/zzz) [//22—_’2r _3)J_,/3,_2 2r )/C]




7/'37 J.;z=mr'") k=r=0060m
p=10 000 (21/60). = JOY7 rad/s
From £aq 7/25;
p~9F _9.8/00080)
P (0.060)*(1047) oz 60

= 0.208 rad/s

/\/=2'7Q 60 = —ZQ;ZZ*-WX60= VAR 27 cgc/e.s/m,’n

With o =¥ very .s‘ma://) the éadj cone

1S oo Small o oé:erre) So Space ¢cone

(Note direction of
Precession on
C‘io.sv’t\vn.)

/s the only rc/ar‘/t/e/y apparent cone.



7/
//_40J Wx=w =0, Wy = so From 57, 7///

H,=(-T,,§- 7zJ+I k)ew

z
|
[.2;27/‘-0;” rod /1 mass per unit L/2 | L/2
/engl% /s m/L adm = ﬂd&
/xzdm /(J.ﬂn 8)(s cos8)cIm L cosd

=M Stn9¢059/ 2./s
L

= _—a-mL”'.s‘nﬂ cos
For rod 2, Iy = mi2sinBcosb) 5o fotal Z,, = Liml2singcosd
['Zyz] _[75 =0 67 .S‘ymmer‘r'y
[Iz5] #or rod 2, I, =T +md?= ;'zl"ml.z+m(l.$/n5)z='7742(/é +5in28)
For rod |, I, = _-’Lm (Lsin8)= .}LML"SL""Z&
So total T,y = jml—z/:ﬁ'-l-x/sin’y)
Thas H, =3’-msz (-4sinbcos® i +[5+4sin*0lk)

= L., = _ 2 271 c 2
T—zf‘_) Ho" Hoéuz—z-m w(4+‘/5m 9)

L
2




7144 Ify /4 becomes /’/ H*’”XMU' r= -0C , =4

For disk, w,, = 290%2X | ‘3’;2’; 20~ 356 e

wz'= -é%;ﬂ’w; 20°= 5.90 rad/fsec

w,, = 174

=L 2_
I,f,, z mrte 4 2B () 0.01380 1o-Ft-sec?
L., =5mriz0.00690 lb-Ft-sec?

P 4
With «),=0 § principal axes x-y’-z " £a. 7/13 gives

f/c Zynyr @yr f +I ek = 0.01380 (33 6)/%+0.00609(590) K
-0463J +00407é 042{/+0/767/é
=29} c 0. 9337 H

o
= éégz”e 0.833i = 5.24) ffsec

r
rFxmo=0.8337 xﬂ 5 (85.24/)= /084 k /b-f¢-sec
H =0.421;+0.19674 + 1.054 & = O.42lj+1.25/ 4k Ib-fl-sec

UG+ Z@H,  (6=C here)
=2 B.24j- 322(524J)+ 275d+l703k).
(0. 421j + 0,197k )

1

[1.30 ft-lb




Y142 | £g. 7104 becomes Hy =By 15xm, 7= 5E, =
For disk, <, ‘,é" ’—z—aﬁz-/z 57 radfsec

Wy -‘L:%f: 6?02”5 n20°= 33,4 radsec
W' = " eo cos 20°= 5,90 radjfec
Z =L =m 2-‘7322 ) 0.00690 Ib~Fi-sec*
L, = Fmr’=0.01380 b-ft-sec*

For ;>n'nc/pa/ 4xes x-y4<z’ £g. 7//.3 gives

o/ ’
/-/ .[ 41) 4 '/'.[y’ g,_/-/-l;z,«é,é
= 0.00650(12.57) i + 0.0/380 (33.8); "+ 0.00690(5.90)

H, =0.0867¢ +0.463) % 0.0407&
=0.086 7L + O.42[f+ 0.1967k /b-F¢-sec

0.833¢ #t
xf:ﬂré )(0933( ‘524./ Ff/nc

é0
#
xmg = 0.833{ %57 (5.24)) = 1,084k /b-Ft-sec

Hy=0.0867(+0, Y2/ +0.1967 k + 1,084k = 0.0867(+ 0421} +1.251k
lb-Ft-sec

T=—7‘:‘§-9 "'Ji(’—“'t}e\ (G'—’C,here)
T 5.24) 555 (5.24)+ % (R.51+ 2.5 +17.03k):
(0.08C7L + 0.421; + o.nmi)

= 11,35 ft-1b




7/143 | w,s 1200( 2m) X, 3"

O PG}
= 4orr I’O.d/sec | 9“. 8" 8" |- 5’“.. ---Z
1‘ .
E?. 7/23 R (g\\éu f
- 2 R
ZM, = [, w, . Ax 0 %
EMy = L w} Ay %20 R

— -
O

o 2
W/’;fe - 5\\ 5.2011
as M (5.20x06 -5.20824) y e ,
==/6/.94(10"3) /n.-jp- sec? m=—-2—27-2=3.'33(1o )

Z = (-6x8+3%/6+3x24) 16-sec*/in.
= 2€0(10°3) m7.-16- sect®

M, S I2Rgz=0.1614 (40m)® R,z 79.6 4

£y = +328g = - 0.280(40m)* Rgz=137.916

Becawse maoss center has rno acceleration

Ray ~Ra, ) £a= Ry,

Y
IR =Ry =V 72.6%+/379%=/5%.3 /6




7/ 1 44| With o, = e, =0, ap =202 1257 ratoee,

80
“')x =0Jy ’Wla'ﬂ Lgs. 723 about O hecome
- 2
ZM, = Lyp ZMy = L ) ZMI £
Let m = mass of each segment 21 / 2 !
of length b '1, b :b b
3
=/, 4 Y -0 0435 lb-sec” /b-sec* é‘” #°=b=. b=4"
322 A 0|b B
| &/———\:) ol _ _x
" ,

Static Fforces produce no moment
So are no# shown.
0) @ @ @
_2; = (b)2b) + m[b)(Zb) +ml —){b)-f-m/-,é){é) —mb
My =-Embal=- L 0.0455)(5) 11257)*= - 257 1p- 2
0, ® O @
=m(- ‘é)(zb) +mlo) + m/0)+m{b)(b)- - tmb*
A,& - _zlmbzw‘_ - F0.0435) (£ ) (125.7)*= - 85.¢ /b £t

M_-/M;,«M;' = /85,83 +257% = 27/ Ib- Ft



7/145 :

Let m=mass of each plate R
, |
mass per unit area = m/l(r RY4) dggi:" Wy
= A f R N
am = %_'% rdrdéd lb

/\\
-~ ~

: I R
2
=/xzdm = :z{’/’??’/ j/r’casﬂ)b rarcl8 - Ty
- “mbR o

Z,

XE

I

4

L
dm [* , Hmbr
Zyz "'fﬁldm :"Z’j; o/—rsmé)br‘a/ra/é’.—_-- ;"ﬂ_

[ = H(2)e.150)0.150)
g% 3r B

Top plate 1, = 0.0/9/0 kg.m*

YmbR + HmbR .
Lower plate -Z:‘z=‘7h:[é-)1yz= ;; where b=0,075m (;’afo./fo)

L =-1  =-00/9/0/2 =-0.00955 kg-m*
= 21 (300) -
From 57: 7/23 with ww, =4, =0, wy = =25 - /0 r'ad/s.‘) 4%_=0
IM, =L, F =(-0.019/10+0.00955)(10m)*= - 942 N-m

-~ 2—
ZMy = -1, wi=-(0.01910-0.00955)(107) = ~F.42 N-m

M=y/9.42%+9,42* =/3,33 Nem



7/’4'4 With Wy =y =y = o ic&z = 200 raa//s‘) £, 723 gives
M = -1, ZM =T <,
From solution o Prob. 7//455
L, = 0.0/9/0-0.00955 = 0.00955 kg.m™
Z,,=-0.01910+0.00955 =-0,00955 kg-m"
So ZM, = -0.00955(200) = 1,910 Nom
2M7 = 0.00955(200)= 1.9/0 N-m
M =v/1.3/0%+/,9/0* = 2.70 N-m
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