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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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r=300mm or 0.5 m
(@) Scalar. U=lw =0,5/0) =5 m/s

2
Q:Oﬂ: rev = o, 510 2).: 50 m/52

(6) [=0.3L+0.4) m  w=10k rad/s
Uzwxrs= 10kx(0.3(+0.4/) = 3/ + 4(~)

U=V32%% -4z 5 m/s

as g_i)x[+g.a><_f'= O+wxV
SO+ 0k x (’3_J-4_4')= —30_5—40,' m/s’

lal=Y30%4 0= S0 m/s?
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55 | For 0-9020--2, ~a,j 50 a,=re =18 m/s*

ot=18 - ¢ rad/s?
0.3 -

¢ a, = rw*=4.8 M/s") 40‘—']/4,5’/0, 3 =4 rad/s
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// lﬂy=’-/.524m/sz

/
" a,=3.025in60°-/.624 cos 60°=/.803
6o0° A, =3.02 cos 60%+).624 5in 60°=2.92 m
S

L, =ra: &= /.803/0.3= 6.0/ radfs*?
a, srw* w?=2.92/0.3= 9.72 (rad/s)* w =312 rad/s

a




/7 O= 24334244 rad

6= 6t - 6¢ rad/s

6 =/2¢ -6 rod/s?
When & =42 red/s? 42:/12¢ -6, £t 4s
when é'=66raa’/sf 66 :=/2¢-6,2=6s5

€ 2 2(4%)-3(4Y + ¢ = 84 rad
=45
8.¢s® 2(6%)-3(6% +4 = 328 rad

N6 =328 -84 = 244 rad






77 a=q =ro
8 ¢
’ = = 2
W=+ KE. Joolzrl)) =0+ x(2), ous Srrrad/s
Thus 5.5 =y (57) F=0.350m

6:\/0.3501—0.32 = 0./1806 m or b=180.6 mm
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xC = 2k x[a.5¢ +0.3y +0.05015]
= —0.4L +§ m|s
Qp =

A% €+ @ xlwxg)

=3k x[0.51 +0.2) + M.050k]

+ 2kx (2K x (0,50 +5.2)+ 005
= - 14l - 23] wst

Nete Thal v could have beentaken as 0.5 +0.2/m
The mojn\’mdu of The obave vesuWe art il

Vp = 1077 wls  ond Gp = .64 mlg? |
Thest N\uﬁn\’mlm Chedy  with

“,)%66 = —\10.5"+0.ZL‘(2\ = 1L.O77 mlst
ond g = \(%L’f“nz "‘«/(“xf( )o+ erjmt)z‘

:Jo,‘s’wo.zz‘ \/3"+ 24 = 2.09 mlsz v~
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7.9 (Y2) = 3.95 rad/s?




dw - 0.5t —a.5¢%
A= Je = —0.5(2-0.75t)e  -o5e

= (-1.75 + 0.315t)e = °°F

= O when —|.15+ 0.375¢t =0) t =407 AN
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= 0.3{ +0.28/ m

_0”: e()x_/z = _6{:\')({0.3_5' -f-O;Zé’;/) = _AgJ' */'68—“' _m/,
U= /682 L&) s

D

2w fewx = O+ (oR)A(1.68C - 1.8))
= ~/0.08/ - /0.8¢
- ; . 2
a,=-10.8¢ ~/0.08, m/[s




814 |t 8, v=22u4-75.3 ffsec, r=180-1E=/78.5 1t

a):d“/r' =73 3//73,5: 0.411 rad/sec

Between A iB “or =AA_-f£= -/%-0512’//.52 = 0. 344 r‘aa’/;gc




(QA)n: rw*=0./5(20)% 60 m /st
(90), =\ (19)*- (60)" = 45 m/5®

X =ay s 45/0.57 Joo rad/s?

(ag) = 0.015(20)% = 30 /s ?
@g), = r 0,075 (30c) =22.5 m/s?

4y =V(30)*+(22.9% = 37.5 m/s?

qc:aeé = 22.5m/32
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5/’7 i ZJA?: EJX_Q )’ Jy’:w_ﬁyx‘}_g" w=2 ra‘(/’(
w=2k rod/sec

. ‘ _ 2

@)= A xlp, 6L =xhX 4 - redfsu
&= -2k red/se”

e = xxre +€_‘)X/a))<_c)
x-——(z /) 42k x(2hx L [4 ])

')+-/V—.61£(z +J) V’(—m +5J ) in-fsec?
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5718 . A Iy U)“c = -4 2 H/sec

U
U= 42/5:n20°= /2.28 #fsec

P w=Y¥. 1228 ., rd

8 —_ r 612 T Sec
aw
W= _=424.6k rad/sec

~oP

Element BC remams poralle! fo £-axcs so hos »o

angesar velocity



f'—’—“—’=2-/«zt = 2-02¢
d+t P

57 |
[(2-0.2¢) ¢ w=ay +2¢-0.1¢

w, o
w_ = 200x 2/T/60 = 20.9 rad/s
Fort=5s, w=202+2(5)-0.1(52) = 284 rad/s
Nz 284 XGO/Z”. = 272 rev/min

oK =
w
dew
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o= 6_‘1‘0?/2_”)2'. = /077 rad/sec?

G =ra =6(107) =607 /77./sec?
Q.= raw?= gomr in./sect for &5°
2
Jo w?:z 607y, 207 wWz:560 radls

w=cuo+occ": 360 =0F07E, £z 0.1784 sec

Stz | < /
Pe “ 20
lai V6 id
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_5/21 | w=v)r = £Z < 20 roafs

Qg: aB: 45'm/52 0,025
‘ 8 X=4a/[r = —g—l—i—:/ﬁ.frad/s?
¢ T 2
K L (@ = rw'= 0.36(20)
i@ ajo e
C
“ 0.075m @)= re=0 36(1/2.5)
0.36”1 ¢ - 40'5— m/sz

(%), f» 4= V(194)% (40.5)% 149.6 /s
C \ —_
dc



f/22, K =/8-ko rcV/;z , @ /n revelutions

0.6=/8-k(20), hkz0.06 Ys?
So X=(8-0.060 rev/s? [ w = 399U, s Srefs

w 7 20
s oAdE - -
w de 9" fwaw = [(18-0.060)d6
S o

2
w?: 57+ 2 [/. 86 -0.030°)%%=25+46 + 73 (rev/s)

wW=Y73% 8.5¢ rev/s or A:85¢(6e)= 573 revymm.




Y23 | For geard, A= [ dt, Ny=2A,

21 _ H4+8
(W, -600)57 = 2= (6-2), My = 600+229 = §29 rev/fmin

so at t=bs, Ny = LEL )5 revfomin
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W, = 5)26()
. _ "2
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- ; I )
=0, ¢ so tha? :(_Q)zo({_ 2
¢ ' /
2
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\5'/25I Xz22bcos®, x:=-2605m6 U =x
J

B W = Uy g 2@ so w0 = - cw
b b 26 5/;?9
— e .2
C 9 o v or a=x const X = 2ax
- 5 )
x A =V 2ax
o9 w= ————~- V_22X - V2ax

26V /- cos% Va62- X2




5/26 Coordinates of A are
xX=X,= rcosé

y=r+rsinb

)?=)'Co +I"é$/n9=‘(é (/+5in8)
L/’:féws€=uo‘cos9

-'— hd U; U.z
&—%‘9@59: &[22 )cos 8 =% cps8
r r

. 5 . 7AN *,
9 ::—(fo 951’29:—00'(—9)5:"9=-g“-5m9
r r
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- ™ Y, ; ’ 2
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U bwsccza
B —_-—

ag= 7 = 26w 35eCE (5@ fanB)

2 =24 wisec®d fon ©
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AC 17
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AC oc 0.9




5729 | - rw = 12(2) = 24 in-/sec
oc 24 .
U=—;—V: —3324‘-'/?/’&/5&

(] AC A
Syt = /o/ogfzz): 66.7 sec










5/32 |

/‘:)65/'/76
O =X S/ + XO cos®
=V, w=6 Jo
W=~ -)-C’/—'/‘on&
--YU_r
X Vy2rz







/34 I A Sz Somm/s5 b= l50 mm

S= 26 5m6 | S=266cos O

X= 26 cos O, ¢ z=-26035m8 =—Uc'

7 3 SING . 5o fon 50° = 59.6 mm/s
cos 0@ I E——



r=xsm@  0=xsind + XOc2s8

\- w:@l':—'%fanﬂ
Z&O 5“* V‘:—X-
¢ fanb= —
So W+ 2”- A = v




S/36 D/3p/acemen/ of fork & roa /s
. Xz=r+teswmé

Y =X =0+e0c0s@
U)’C=ewco56>

@y = vV

r = -CWOSING = —ew?sin o




S/37| y-0.5tne

y=zo5 sech o
Y0 =secb(tonbsece)é”

+0.5.$ec26’5
0= 2Y/sec?o
. e '2
e =-2%mn8 o

0.6
For y=0.6m, fon &= .52, 8=:50.2°

Sec 9= /. 562
Jo for y=0.2 mfs, g . _2(0.2) _ 0./6 39 rad/s
(/.562)2

& =-2(12)0.1639)% _poses

rod/s?




Vs —y = - (szose) 2bsmné o
dé 4. (4b 3/n0> 4bcosh 6

v .
So U=_4 511 O
2cos58

U= é'- far &




5/39 |

y= 26 5/n @ T
T

U=y: 266 cos @

522 6% L2260 cos®
25z 0 *0 * 2bLO sin 6

6= —SE
bl sinb
So =26 _S55 Casa:Z\/blfﬁz-Zbé cos O 5

bl S/.nﬁ é *ana




_5/40 | oA

/ 1 Wy = ¢ radfsec

B 7 04,7 3 rad/sec?
10" :
'énjk 2/
3 c \ ,’ 453:'a"sc
(a'sjzdsc):/iz(ds:ds,‘) *
So 5345, Thus W=, 254 = 93 redfsec ccw
A = O(C:éj = / radfsec? ccw




0.32

s 0s22° (%) -
0.08+0.32¢c0522° °°° = 6.30 rad /s



5/4'2 l Y= 20+ 905/"76) y;goécasa
= 806 cos6 - 808 5in®

L o e a5 e
T T ¥ = 8008)(3) -80(41°%
Y =320-/109=-78] mm/s®

7hes Qe = 789 mm /5% down




5/43 U=rw ' azv-=s f‘w f-ra}' W=o
Y But f=1t8 . tw_ tv

”%h- 2w - awr

v tut
Ther S T e=—w = Y
“ @ enr arr?



S| fong. 0250

0.49m

fanp (2-co58) = sin 8
0.4-0.2cos8 '’ s ( ) = sin
< e ﬂ'.sec.?]a(z-cose)+7‘anﬂ(é51'n0)= B cosd
COS8 - 50 tan/3

1 2
s 8 cos
A 2-cos586 P

= 2cos0 -1/ e'coszﬂ
(2-cos0)? ’

- 4-a@d e - Yrz

For w=-6=3 5, 6= 455 p=ron s
ﬁ':-&

(2- '/vz2)?

= 28 7°

(-3)cos*287%= -0,.512 rad/s

Jo W = 0.572 redfs ccw




5/45 l X=/Lcos®

)(,=-Uo"=-—z‘9'.5/’n9

w=6z=_%
L35G v
where Z»J/}?9=y=)/z-'z‘xz
So w = ?Jo
Y L2-x?
x=6= Yd csco- ..U::(—c:‘na ¢sc o)
L 4t L 2
%L T*%
LYYy Y& L%x
= —'Xuoz—




5/46| 4 2 o

A Stn(m-6-4) S o (6 +4) B Sin (3
rsin(éesp) = £ Sin /3
r(6+A)cos(o4p) = 4B cosf

. 8
%G: a):ﬂ' - PﬂCdS/ﬁfﬂ)‘
,ZCas/Q - rcos /6#,8)
where /4,,'/3, = ¥ S5/in&
_ 4 -rcesd
for &=40° -/ 48%in40° '
/ A = /dﬂ —_— = -/ - N
7 - dessdo® Jan"0.5209 = 27.5
V/7) - 4{3) co S 6725°
“  ws= = 0.825 radfse,

B cos 2.5~ 4cos 617



5747 Belt vekcds, 15 the Same for both puileys
S0 /‘a) f‘a;
Thus ra) f»/‘u) fa) F rw

Féra)—o r'] o( 9.; a'ac hlve
- «w . *

age, = L@ h% | onr -k

2 e




5/48 | Grven $=o0.260 m/s

Sz2(0.2)s/n -g-

S« O.Zécosg
for @=60°
. 00

$=<0.260 = 0.20 cos ¥

6=, = 2259 = /50! rod/s

AC” 0.2 cos 30°
AC =1/ 0.3%+ 0.152= 0.335 m

— 2

n 2
= 0.335(7501)% 0756 m/s?




/49 | Coordinates of C are
x=3bsing »J’=b°°sz—a—
4

' So x=340 @ b <
Y * zbacosz 4 —2-651172

0 —_— X
. 2.2 . )

. .2 2
V'z.- X7+y = 94-2 (7cos’§ +[/-cos f])
" 24 1,242
—fa“b@

‘2
(X4 26 _ 2:2
/360531-/) _Zéﬂcosz
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5/50 l dA: [ﬁ)
n
= n @
\? 265//72
5=k=6@cos§
0= 65605;9 -—z-ée 5/}72

.o / 2 &

*2 .
4a,:- Z<‘9_e,l + 26

and




5/51 l Y=2(0.2)co50, y= ~0.460 5/né
V:-0405i08 - 0.46°cos 0

. ‘. kR
= -0495m¢ —0.4(“"/——‘- ) cos &
-0,4.5:n0
for y=0.2m, ©6=60" 5/h9=§, caw:_?'_
y=0.9m/s .;"'5-0./;'»1/,:,z
oo 9% 552 weriss P eew
0.4 s/né 0.4(/3/2) S ) S
g =¥ _ Y2 cose _ tou 0.€3(/2)
0-#3in® 0.16 sitn¥%  0.4((3/2)  0-16 (3/3/8)

0.289 — 0.770 = -0.48| rad/s':' o= 0.48|rad/s* ccw




Usv= (R-r)6
RE=r(8+A)
So @(R-r)=rp@
6(R-r)=ra
SoUrd guwsp
U=rw so Oé—‘ r«

(ﬁ = absolufe angle )

Y=U=(R+r)6
RO=rB 50 ©48=("tR )o
Jo r‘/éf-/é)'—‘ (/E’i-r)é*
where w= (3 +6)
Yo Uz rew so g =rof
(Bte = absoluFe anjlz)



«V-"/é'sl bz b : b

S sin(ir--A)  Sin (6+4)

(&W"\P SO V2 sinf = Sin(6+B) -----()
bﬁ; z & ‘/_/3 cospB = (6+4)cos(E+8)
o "9 £ ’ ' cos (O+A3)
/ b=o0,2m 02 --p )

Cos (9+8)- V2 cosf3
From (a) $inp(V2-wso):= SO WSOty g J/h&

-co8 @
o= 20 -/ 0.3420
ror /8 = tan 7z -09377 far’ 0. 7208 35.8°

g for é='2md/‘5/ £9,(6) 51m5

w.x -2 95 (20°+35.8°) . 0.5623
2 €os (20°+ 35.8°) - V2 cos 35.8° -0 5649

W, = /.923 rad/s




’5/54-| X = ?fﬁr/&) U= X = 86 sec?0
x A asxK= 26 secd +16 6 sec® fon ©

(] Z
= g9 secs + /6 i? secd tane
64 seco

2 2 .
=80 sec’ @+ 222 5/ O cos &

r '.:C Y7, _ -
But for X ons QA} 7{;2_2%)(

Thes aA = 86 seco + _Q;_x S5/ 6 cos 8
Substrure A= 4 /'n/:?:c") Sec o= 5/4, cas0 =4/5
S 8= 3/s Sfor X6 in.

4=86(54)% + 12/_5).52% , . B =-0.1408 rad/sec?

So OL=0.1408 rad/sec® ccw




DJ'/JSI 6= 6 5/'n2171‘, ©: 28, cos2ri, é=-4r129°5/h217t
%;.77//2 when 9:0 t‘:’/zs ¢ 9': 2me, = fl% ,—ad/s’é’:o
X g,f-/,, ¢ 620, 6=-4n's,= 1Yy rodfs’

w "

>

S lhyirb6P2ybcose 0=yy +ybOsing -ybes
3} 0:yj’+yzfjbé$/}76 +YybOsine + ybéicosf-)
ﬂ\ood\ -y bcos® J—yb@an@

V' y(beoso-y): g r2yb65inb +ybésing +yb6 Los o
@) =0, y(b—[bd]) O+o+ 0+ (6+8)b(7)

y=o J= Z 406+ 4)_ 17"0/4(0 ).
6=0 3 -2 0.7

-0.909 -g”—,-_
_(4r)
(b)e P//? b/S/nﬂ l/f/ﬂ ﬂ-s/n.’(a_'.’is,nz = 2/.24°
Yo = b‘”e"‘e‘”ﬁ 014wsJI +0.1c0521.24°= 0.2284 m
620  y(ou4cosl -0,2284) = o+o/~azzm@/4)(- *)sindZ +o

y(-o.o%ﬂo)— —0.06’55'5, j-o.?/&’.m/s (A/aam}



’5/5'5| Zj/hﬁ = P Sip 8, ,Z/:"cos/j = & cos @
&g SO ,

77 i - a5 cosé@ r cos &

AB r 6{) = :-—-9 =

Mwo A8 ﬁ i 505/3 V7 600 ~ 2
P/"(Z-.S/.ﬂﬁ)

A

oy} o 2 . e 2 . ’e .
LB cos/3 ~ LB sinB = =18 s ‘9) S=w =0

22 - . . 2
o/ =j = LB 510 8 —/"62_5//”9 _ rggoz ) I’; -/
AB . jtos/d = TJ//‘I&’




_— Y=o,

Vf‘/o""‘ 4 £/sec
(/034 VA/ = 4

€y —=—F
7{4' = & f#/sec

& — =

lo/12

=

o

wherc Vs

&
w-///z

35_‘_
/o//z

£ -

Y-

9.650c ) N+ 2.6 22 -

g rad
‘T sec

rod

& sSec

,,qow-lowﬁ

4 #/m

, M= 458 =

, N=945.8

72 sec

=9 7,,,,,,
cew

min

ccw

nv
i cw



5/58“'” =y Yo = 107 257] km [h

y v
Al RO= 637 (lo )[7 292 (10-5)

8 ., = 4652 (3.0 ‘}—,',,“;')

= 1672 km/h
3
Uq = Vot Val = - 16720 + 107 257) km]y
Ug = Vo + Vgl = 107 R57] - 1672] = 105 585] knfs
Ue = Vo + Ve = 16721 + 187 257] km[h

Vo = Vo + gy = (07 257 +1LTR) = 108 923 knh




5/59 - a7z - &7
UG/A A8 w . U;/p cow
There fore (2 }é’io,%,e = 0.579 m/s
0 —

< CO o
0 T YA



5/c0 | (5] = |Vay, |=rew = 12 cos 45° = 2.49 mys

8:M
o. 300

= 23.3 rad/_s




b\

%‘:%*-{/A/g ) 2o

Loj” A8 ey, 20(4):305;__:"

7{4'= )//6’0 sin 45°) %4 (80cos 45°~ 40)*

=Y3470= 58.9 mm/s
UA/-ﬂz fo mm/s =




s/62 | (vy), ¢ - 90. 3 -1 g
)t\ ys Jm{a % 5 A AT
l

D/(;ocns/bm ruw = 60(2) =120 mm/s

mn mm | ‘
/ ﬂ'IZO (V) Slﬂﬁzlzo (2):72’%3

Yzrw =45 {22= 90 mm/s
(U‘BizVa cas/j=?0/-g;)=72 '"""/S

Qe 72472 rad




42
y WEgg=3radfs cw

S

<G

2¢ =3kx(-0.2;r0.24)
20 +06/+ 06

2.6¢L + 0.6/

" m/s




5/6¢l T ® (12 cos 60° + 5 5in 60°) ¢

+(12 s1rn 60° -5 cos 60°)
2/0.33. +7.89; m.

rad /0:3%¢ v

:-—36—.3_-—

= WX [ayy = -3k x (10.33( +7.87/)

: 23.7_{ 7/ 0‘/' /b,/Scc




5/es | A o
w

0™ = (80 + 130% - 2(189)(139) ces @
\

4 =28%3"°
0 K B
|30
. = = ° |80 mm
sin@ sin28.3° ) 5 43.2 +
'UB= ot(:—rsﬁ

Ua= Ugtlajg : WoaX Ton = Vg + WagX gp

Wop k X 0.130 (cos28,3°¢ + sin 28.3%) = ~0.6] +
Wag k x0.090 (—COS 43.2°C + s 4'5.2"\_‘\-)

Lt 00Ty, = - 0.061 0y,
J D0 44 Vo = -—0.6-’0-065600%
Selve 5(mu\‘\’0ﬂeaus\\\, —~+» obtam

= Wy, = —3.33 readfs

OJRB
Woq = ~3.33k rad/s

So




5/66 U, = wxl;
_ I /g Lxla
A W= 4 red/s s o 4
N W= -4k rad/s
Tajg =030 +0.3/ m
5 Y Yy~ Ik 0.3(-¢ +/)

- —— -

= /.2/_1'»"_/')\ m/s

Yoot Upp =z rwi + Pow) = 4(0.3¢ +0.2/) m/s




- . . /J
] ‘= 0.5 +0.9, m
o -0 ?j 14.2; -/,3¢ = 0.5¢
Jo ~%: 2_( -0.7, /
Y
5
i ¢




0.5-0.55in30°
. Z

"qB = ?R -r’L’)B‘A = '\’g + ‘_’:)st)ﬂ

Vg (Sin30°‘{,- 005303 5: 35 + Wk [,2 (‘ C°5Pf‘ +S{“P~i)

=30+ wlkx L2(-cos12:02° + sin 202

3¢ = LT4wj - 0.2500¢

;3\)3:3— 0.2500 | g = 4.38 mfs
B s = T4 w = 3,23 rad/s

Je-

) e~




Y5,
Un = 4 F/sec
< 30 30°
v—
B/q S\ Us
vi: =2z 2.3/ M
8~ s 30° sec
i, 23
Wa, @/B—C = Ton 2.77 rad/sec CCW




/70 | A
) B Le{- /’:: /OI;‘)
’ D= /oo/}"o/an oy}
comerident with P

b
Ub= Cchs = 2bcos @ W, g
Jo 26 CaSﬂC()Cb: ba)OA casd
Thus  C,g® 3 %a

8"~ 2




5/71 | wig= 3 radyse 0
___l AB B %:5{;*-”—544,“)&: £
N B¢
U,;/A:ABAUAB
= 5(3)= /5 in.[/8€
-[3
= ¢ =
Gz cos =

=15(3/5) = 9 /n fsec
Wgc= /3 =3 rada/sec W




Viz=Ur ey, , Up= 300mm/s
-/ 200

@) C - &= " %50
/. U = 14.98°

g
PN

Ua= X = 300 mm/s

?/C'= 300 cos 14.48°
= 300(0.9682) = 270 mm/s

L, = 300 51h 14.48°= 300/4 = 75 rmm/s

CA = $00 co5/4.48°= 775 mm

Wre = Ui [ca = 75/725 = 0.0968 rao/s ccw
@,

=Y [z ° 290/200 = 1.452 rud/s cw




125= 2(300) Sin 8/2

& .c ' a2y o - o
—5//2‘ ——— = ,0 - 0

7 Zoo /2 2/_ -9_ 24.0

7/A-‘-‘l’lu=0.3/2)=o.6 m/s

L =lat+ Usy

T= ﬁ-g - 53.1-12.02=4L1°

X =/80- 411~ 240= /114.8§°

. Ué o 0.6 .
Srn 24.0° b S 114.8 ) Ué‘-‘ 0. 26? m/s







2/cos 30°

0,200

-G AT Jen = /.55 rad/s cw
- = _

From a’/éjrﬁm Z'/6-= 2//3 = /185 m/s

Ua=2 mfs

22imls | Yp= Ypt W= ek
£=-2y +a£a_kx(q.2605.30 £ -0z 30%/)
= (-2 + 0.1T32Wpu g ) 10/ g¢

lpga = Z_ .
A8 So3p T/L55 rad/s cw
~2/ + 11.55k x (0.1c0330°¢ - 0.1 S5in 30°%))

-2+ 1.00)¢ +0.577) = -t +0.577) m/s

2V 1% 0577 % = 1455 m/s

Ya
%

Q\? " G'\?



v . - (-]
6= 5" 1929 =30 & .

PN

_ Smn6o _ -
“as Simsue £ T 2.04 10/ "
/70 . g
= = 5~ Ua A .
Y=+ Yoy, Yo" 26 Yo where

s/inJo°  SinSo°

R UA‘/B: 7.8/ /n‘/jcc

Y32 8%+ 491 -2(8)(a.9)cos 60
= 48.8 (in/sec)?

U= 6.77 in./sec




/77 l o0l L= Up+ Lay,
s rw= § %{—ZE)= 503 in.[sec

- » ; e
/_8sin 45" _ 14.64°
/6 + 8cos $5°

ﬂ:fdl’l

Uy 503 st (455 14.64°)
= 434 //7./56’6

cw = Unp

AB AD 2T
— & cos 45° ) 4w
AD= g gqs 2 22.4 .
ﬂﬁ.—./%ae rad/sec CW

W =
AB 22.49




U - + Ué/a
u Je = VALY
C (2% VA/a =A_law
s Cpw
50”/ = 1{ .
‘Léoa Ua Yess
%‘:3 #/séc | UZ/B

From geomer'ry ‘ s
Y™ Sfsrn60° = 3.46 Stfsec A7 Ytanso®s 1. 732 7
U, = J46 sec
a .

2 - 2 ﬁ: 6.24 ff/scc
2Y(3#3)% (1.732)% = )/3q = 6.29 Ft/sc
U-c_)/(j’ 3)




WX (~0,120)=2i +aypkx 0.18(0458 4
-0.829;)

~0.02e)f= 20400825, 4 j+0.1600w,

-terms: O0=2+0. /mow

A8
WYy ==/2.50 radfs (CW)
J-z‘erms ~0.120w =0.0825(-12.50) sin 19-7-5—0— 0589, 6=62. 7°
w=8.52md/s CCW cos 8= O.458

(A/terna /'/,VZ/L/ 4 HL=2m/s
more 5/'07,0/7 )

.
>

2
v = —
/A 8 tdn 42‘70

W= L03/
' o./2

-  m
=/03} S

= 5.59.029 ccy



A S “Alg
- 1015 -/
D Y= tan 2L = fon 3
i e 0.2 4 U,:yg G VA
B ‘265/5,.’79 = 0'15.-
a ———-—3/5 =0.25m
&JAB: 40 rad/s
Us
U"-‘/@:ABCUAB
7, 7 A 0. Y z0.25(40)= /0 m/s
m ”m
= Uy 5ind = /0(%); 6 m/s
¢ ,, . 0.225
—_—U, = =
. 2 o5 6= 7 m/s




fea=012( t0.165 m

y ) , .
i L5012 m 0,7 0.246 4 0.04)
' -
‘5 -?{4;‘ %cx-réﬂ
’ 0.55324 = Wy k% (04204 0.16)
20 - - '
0| mm 2 0.2y, J 0. 164 L

YT WX 3= 0.5k x 0,12

T-0.06¢ m/s
Yas3* LaaX Lpa= “as k x (0.24¢ + 0.04)
= 0.246()“BJ'_0.046’)A@£.

Y= UptYaig, so 0124 -0 16wy L= -0.06¢
_ +0.29W, 5 j-0.04W,
Eguale coefficicnts 82 A8
g ge/ 0./6wAC—o.o4%6= 0.06
0,12 Wyp= 0.24wpp =0
Solve § 5et Ac ZY:)
Wy g=0.2/1%k md/sj YW= 0429k rad/s




LaB = <P
Y%= Y% *~ABX-C“/5 Y ?.;,4 0.5m
]
where %: g)on_Q/o :02 -
z-fra: c-oepx-ré/p D% m m B
5o L,_O’J;Q'ET__;C

Wkt X 0.6/ = Wy kx0.5( +2k x (-0,39.,.0,4‘_/')
Thus -0.6a),=-0.8 w, = /3334 rod/s

005Uy =06, W 20k red/s




AR
_UAT:%OX/:“\O
10k X (-0.064 +0.08))

=-0.6) —0.6’__& m/s

Dimen. in .mm ¢ ?:‘@BCX—%C
W, = €O = [0 rad)s '
Ao e 3 /3c£x‘7/‘?:./:’0/ywec‘
Yals™ s 1) /s

]
|
Q
N
e
S
K
+
N
~
S
01
e |
N
n

7‘%1/751
-0, 6'\/,;0' a"_z = -0/8, ¢ -0.2460A5_.! +c9./'¢0,qg_4
Lsea J rerms 2'_55/4 o.

. yg= 2:6

2.5 raa/s
Yol 583k rad/s o

Cug= 2.5k rad/s




S7/84 l Let £ be pornt on member D coincident with A

A . s 22 2 30°
&= 5/ J6o -
CF= 160 cos 30° - £0
= 586 mm

IEE farlﬁl }%O(’: 53,8°

(3-6=53.8- 30-23.8°
¥=/80-60=/20"

mm

Uegs 99.4(1.5)148.7 5~

Y 148.7
Sin 36.2° S/ 120°

vz 148723 . Mt

A o.5¢6  ~lol-¢
w - IOI.4- —

AoB” Joo = 0.634 rug/s (W N\ Yy
Alternatively draw vector Qo -fB=36.2°

Friangte Fo scale & measwic
UZ ~ 10/ mm/is . &k,



2,2, b* b o_ 2 7 _
S/85 2% 6% 2 —Zb(ﬁ)wszo = b1t 4-132%)
= 0.00684 0=0.0827m
.12 . 0.0827 .
2 rﬂ’d‘“ls NN ; Sin /3 Sin20° , 3= 35.8

Let ,bo/bf D ébe pa/'n/ on

—0z20° B ( .
0/ b=0.2m 02 whge/C cornciadent with
po:nt P
%: % + yD/p
7% 0.1V2(2)=0.283 m/s
Y= 0.283 5177 34.2°

= 0.159) m/s
wy= Upy = 0.159 f0.0827
w, : [/.923 rad /s

olz90-6-/3
=gp-(e0+ 35.8)= 34,2°



5/86 ILez‘ D be a point on OA coinciclent with P

Yp =Up+Yp,, where up ¢s L to OD

From z‘r/'ang /e BOD,
/75 5in30°= (400-175cos30°) tan ¥
7=/9.40°
DO cos 19.40°%= 400 -175 cos 30°
DO = 263 mm

(ID = 55%0=Zé3/3)=770mm/5 =0,790 m /s

5+ 30°+90°+40°= 1 20° U=0170
§=20°

. Up
Law of sines: Lt

Sin (40 90°- 19.4°)
:_a:l?._a_a.) % :2,/é n-,/s
Sin 20

Zfé: Zu", =4 33m/s




5/87 I Let C be a /.90/}7)‘ on whee/ corncriden?
A with P

=04
Ft/sec
%,
r = 0.2/0,5 0.4 rad/sec
(27 Y, =Cow =L 0.4:0.1414 F+/sec
o 2v3
v L& & . It
P/C (7] Lrom f/JqN-' UP:: D;' = a,zs.?c




A o.ls0 0.555 C

oD = Y(0.325)% (0.125)*

(7B=)/fo.25)2 -(0.15)?

Sin L= 0.125/0,325= 53
Cos oL = 0.3/0.325 = 12/i3
S 3= 0.50f0.250 = 3/5
Cysﬁ =2 0.2/0.25 = 4/5

Y=tp=Ye-Yepp, U;/=Uc-—"'[280

"’Ib

ol

—Z 0.2 m/s
\\/3 o
N
h Yeyp

Ugyp oS + Unyg cosp =0.2
Veyp SinxX — Unyg Sine B =0

sowe ¥ 927 y;, = 22 20,1393
m/s

] (- £ coset < stinex)

/56 = 0.06536 m/s

- 3
So U = 230

(Y



el D be po/nt‘ on S/ofted arwm
concrdent with P
Y Y= &p t o/ - (@)

Pl i
Yt e,
Ui’o v . AU
U;;/o-ﬁowpo- rPo =2 = U'o
1.5 mfs Po -

_) 0./ s 30°
B=ran 5 50300

CPs o,/j/—’};’%o = 0./239 m

Yp= Up({cosp +jsinp) = I (0.95( + 0.403y)
Up=/.5¢ +(r.5¢0s 30°)( —(/.551;:30"):/' = 2799( - 0.75) m/s
Yop= Ynjp(~L51np +ycosp)= Uppp(-0.903( +0.915/)
Swbdtifuwre 15 Ep @) & separate ¢ & /) fems o g6

' -2.799 + o. =
Z.Zoo';/g :;Lfa :/053 Z-D/P © j sole §get

N v - ¢ D, =0 -

A Z4 457226 mfs, 4, 21806 F

=238°

Thus w = w, = 2:26 _
€o® 739 =19.22 radfs ccw




: - ~//50 =
»5/90 |<9- tan 450 U,

T 36.9¢
Ve tVey =Yty
U " 60+36.9 -70
S A
Va/c
30+36.9

U R A (4 = ‘90

B/ €05 6 Ua/c cos‘ 66.9 } ‘ 66 |
~Us/a $in6.9°+ Vg, SR 66.9° = &5 -

Solve Stmultaneouss g get
Vg,=5.73 mfs, Ug,= 2.27m/s
Froms cwhich 422272 +3%2(2.27)(3)cos 96.9°=/5,77

Ué" 3'97/71/5




Ls/Ac
2/, 932 = 1185 rad/s
cw
UG'=C?9 cw
0./ (17.55)

= /. /55 m /s




5(92 |
CB=/180%*-160%

=103/ m/s

/.03/
=lJd=
o8 0.120

= 859 rad/s

Zmfs
/60 mm
w
B [ E
l/zomm\( ‘EO
s



%’:oA Cpn
60(8)= 480 mm/

g0
- 8
AC /80 cos 30° 480

S

Z77mm/_5




\0%
200/// ZOO
<z — ===

!

Y, = O‘cu) oC =Y 1oo*+ 250% = 269 rmm

= 26%(a) = /077 mm/s or

/.077m/s




5/75 C-P :\/(/XCOS 45-0)1+ (0.5'5/'/7 450)9‘.___0‘7?/ w
P v, = CPew =0.79/(2) = 1.58/ m/s

Y=CAw = 05sin 45°(2)
U = 0.707 ms




(O C,-/.d w = 4(5)= 20 /n./sec
—QA‘ = ‘ZCzjl /h./fcc

z/g: CBw = 8(5)= 4o /n./sec
_?)B'-' 40__j /n/sec

/~~.C U‘A:CzAw:3(5)=/5-/‘n/5ec
4= /5_\/’ sr7/5¢¢

W= 8§ radfsec — _ -
5 Z@:Csz-/a(s): 75 1. [see
%= 75y wn./sec




5/77 , Lg=rw =10(0.8)= &in./sec

”"
C;'\_\____%IO\ fo B A0z 20 co530°=17.32 /n-
‘\\\\ ) AC'= Ao [cos 20°
A ) Vg = /7 32/(05 20°= 18.43 /n.
\ GO /843 51 20°= 6.30 /.
930" \O C,8 = 63010 = (6,30 in
\ —
\\ CC, =\//02+/6.3o'"-2(m)/6.30 cos 60°
20° = [/4.2¢ .
\
—_——t - w = [ = 8__ -
. f/A A3 B BS 7630 0.49( rad/s
A VA 2 AL, 4, o 18.43(0.99/)= 204 /n/sec
UscC a) = 14.24(049/)=6.99 in. fsec



5/7g| A Poink T 1y the

’mgﬁy\tqnmug center

10" I~ .3
Ve OFCQ) T Rz
@ . = 1% rod [sec W
D U{_\= -HTP(J: %(lg)
= |8 Ttlsee >

- ‘UB=—B_PN: %i(l%)*ll&i‘"

v, = Tw =G+ () (19) = 15.30 fefsec
X = ‘tay\—l \Z_Z = c.l'%°)€|
10

v o= §Q: 2 (lg) = ’5 'Ftiseﬁ.« l’




5/77 C = nstantanecus Certer <

U,z OCw = 0.5 (I0_3)( s 24\‘) 7S { ) A
| %0 ~ e \
= 0. 1414 ws / \»«*’—L‘;r >
\ 075 o/ Uo )
\ mm < /
g | S

~— —



Wig™ Yep= Yp= Zragfs
y Up=CB 4y, * 0.3(2)20.6 mi;
2rad/s _ _ 0.6
wﬁD‘ Z/é/ﬁ—p_ —0—75 = I,Z rad/j
ew
U - —
Y, = CA W, =04(2)=0.8
m/s
0.3 0.8 2
m B8 “ho” Gl g 13337

Q.2m lcw




S/ 10/ U=CC W, w, :, =/ 3 .,3.8¢

1 Aac ) “act “asT YB/BC, T3 o
' —[—*25/!?60 rﬁd/s

cc, =\//3 s5in 30°) 2+ (6 cos 30°)% = 5,41 in.
- 9.9/ = P
A i (/3.86)/ 6.243&

c

—— —— -



5/loz|

w=v/0C, u:lé’- :20.9 = 15,71 Hfsec

or U = /0. 7/ ml’/hr w:Z’TN
60
4 4 =zo.43c.:f’
G=gu=501571), 4= 698 Hsec =3




U= 0,120(0.95)
= 0.060 m/s

UWn= Y /ca
AC,
%, "
0.400
0.280

= 0.0857 m/s

w = 9.0857 _ rad
e 5 20p Z0-427 =

(0.060)

leo
mm

|
o
|
[
|
\ |
N

O



S/104 |C] 250 _ oo
,_"_l NN s - Simase o (37262

~ Ny
AD = doo cos26.2°

17
\/ o #+250 cos 45°
=5 = 335.6 nm

AC = AD Fan $5°

=4535.6 mm
LD = 600 cos 26.2°
=z £38.2 mwm
CE = 535.¢- 6005/ 26.2°
= 270.94 mm

CD:V(ZZO'4) 2+ (538.2)z= 602.4 mm

v UL _C___Q_ 2 602.4 _
p* A @ "% Eae F5o/s

w T w= Yz = 4000 _
ABD A/(A 535.6 7.47 fdd/g



C,vt Instan’, center of A3
\  AC = 2(20cqs 30°): 34.6 n.

5//05 | 4

\ = - .
30°\ g 20 /n.
g = Bc w ="c,__?/—'z’
1 AR Ac,
= %(4):2}3/ ///jef
77 Y, _ = 2-3/: rad

ccw

U= 4 #/5e¢
@ ——




5//,06__[ G = instan tancows center

= /2 ﬁ:.s/'n_,_é:_’__)

D J/»/f S/n 45° 12v2
vy =74 .
CO=5¢cos45°+12cositié

= 15,00 In.
C0=15.00 tan 17.14°

= 4,63 in.
Ly - 67443
°¢, ° Qg3
= 9/9 Ft/sec




AC/B—C = 1.2/ ¢ 4 AC + BC = 200 mm
S0 AC= §0 mm

/120 mm 0cC = 40 mm
w:_‘@ /.
AC 0.0
%:o‘cw=0.o4o(/5)_-o,e,‘%1

C:b:)/m = )26.5 mm

-— 80 mm

Y=CPew <0.1265(15)
= /897 m/s



C-= /hjfanff center of
Simal/ gear

N—20 mm
. Ui+, | 320 +300
AD 20

w*= 3/ red/s Ccw




&/109 , Woas 60027 . 2.4 rad/sec

Y=rew = £(62.6)= 503 in. [sec

AD = 1/8 2r/6%-2(8)(16)cos 135° = 22.4 in.
o . . i .

/6/5//7/9 T 224/5/m /35° Bz 30.4

AC = 22.4/cos 30.9° = 25.9 /n.

- _ - U
Hag™ “p- ‘“ﬂc," A/A_c, = ":“?9" 19.38 radfsec Cw




J///O' A ‘ Ug c'f =£§5  CE = rtané

C = 1nstan fancous cerfer
of Zero velocih)y for

1) wheel/
ws=%. ¥
w D r/cos®
/ZUW - Zyxz_rz
a=w, = _U__é---/_ U’g_ w ;_ X
—_— = — = 2
Ao go Fo  CD w= 2\ i-tr/e)
- / rtoneé v v




12522 (300)sin & @=240"

o= 7032 = 780°
A= b"-l—/£°~ 53.1°

0 =/180-24.0-53,/ = 48.9°
CO = 75/cosy = //4./ mm
C=100 +75tnd =/86.0 mm
='rew = 300(2)= 600 mm/s

w =i __éoo rad
Ag” A/AC //4./4»300"'4"9 s

: 18G.0(1.949) = 269 mm/s




C=Instarnianeous

Center of 2670
VC’/OC/'):V )@’ AD.

% I25(4) =2.5m/s

fﬂ
H Zoo

Q

Q - U

1 %D-—:é"' 25":/2‘5_’3“!
C 1 75, v AC d. 200

§ Yz €D, =cDed,,

R = 0./50 (12.5)

R = 1.8725 m/s

17s

A zj’ w - -——D " /.&73 = 75 rd

2 2 o0 5> " om - &



f///;?' l C= instant center for ABD

U, U.=2mfs S0 U-—2%2_ . ~
A A F /s, 5 D Cos3o°'2-'3/ m/s
! 6o* - U, .3/ v
AN Wyt Wp® =2 = 22 0=/3.33 %ﬁd
' CcD 2(0.1)cos 30 cw
130°
| _ —
[} - -
| U';-AC a:k- Al ey
O & lm) = 0.2cos30°(13.33)= 2.3/ m/s
N —————



B[4 C is the instantaneous

N O
(3/ 7|

center ot zew \lt\cxc.\'\j) ‘¢ DRA o o(/xl

From Seometf\u)) o/ |

AC = 3(=0)= 200 mm o </

|

BC = 160 mm I / I
5= Ve |

= 170.9 yam | |
8= sin” Zos = 36.9° |
A= tan -ﬁ,—on = 206° Ya
8- Y0- 3.4 -20.6 = 32.4°

v 0.2

Up ® Tosf T Cosszer T ORI s
%__Z_z U—Z‘, ) Vas ,2;0: (0.237) = 0.278 mfs



J//ISI / Y, 2 7
&J:l

let B be contac’ ,ba/h/ Common ﬁjear.s / g2

” D ” 7] 7 . ” j@” 2 g3
Pon! € 15 instantancous ccnkr of zero vetoerd)
Jor gear 2. By s1milar Friangles 1{)‘:3/8’,}:24,«
Yyzra, = &r Uiz CAL= Frla)=16r

Vet 2rag,;=6r  w;s -?—Zm: _——24’:/“: & radfs ccw
DA -



>5//16| 0B=4in. | BD= 30 in. T60*

T AE=ED =DF=15in. . 1 g
¢ istant center for BD 0
C,= T a v ED e
2 - I U‘B
From scale dwsg ~ l

c_,_,e =3¢.9m., cfo = /z5/p//
GO =30.7in, CE=13./in.







ol 2 _ AT _ 25 - .
Y»J%/el Yt 55V = 775095 0.08m/s ) oz i Uy
U= 0.9 m/s .
X o 7
\i 1 —— — =T A 50(()60
\ 2412%/77//7 . = 0.5 290 (27)
\ | 50 6o
\ ' mm = /257 m/s
e T Ry,
\ 7 Yaso
\ mm =0.357 m/s
\ Jew
\\ \
> Y
A \ |A /125
\ mmnm
C
%B . Uty 0./18+0.357
5‘6/ 7_5__:6{)' 79 - —0.0—5_—— =/O.73 I‘do’/s cw




_!)—//i_l Q=G ), +(Ray )t

Jealar - geo metric

(Gay)p= AC @E = 0.5(2%)= & m/s*
(QA/C); ACo,, =0,5(12) = 6 m/s (@y,)

dA=l/(5+_g_3-gi6)2+ (gs’ +§6)2: 11.18 m/s?

Vector - a/gebra/'c
(Zos) s Wr(Wxr) = -4k x(-4k x[0.9¢ +0.3)])
= -6.4L-4.8/ m/s?

(_QA/C){: XX 212k X(0.4040.3/) = 4.8/ -3.6({ m/s*
&
Iubar‘,'fufe)- couate L t!' Coeffzzzbnfsl g ge?

(a,,)x.- -/0 m/sz) (QA)y: A

SO G= V(-/o)z+/—5)z= 1018 mis?

=-57 m/st



5//20' 6 = -c?o #f_QA/o)n + /-Qﬂ/o)t pnot fanctior

of U orsense

{a/'l/a)n= @4602:0.5’/2‘)=3,2’"/52 opfa)
- 2
(@) 6= 0O Pla L G5 3m/s

2
) (ZA/O)n:J.Zm/s’ &= 0.2 mfs

o 4:3”7/51
(8) 6 =90 "“_H

@-l {aA/o)”: 7.2 m/SL

=V 3% 32*

= 2.39m/s*

VV

g{):am/zz (QAA,)',:J.‘Z m/52

«) 0=r80°

[
==

= > = 2




Q= G+ (L)) ot (Bay,),
. i’ A 2

(), = A0 w =0.4(3%) = 3.6 my,
— - 3

(‘ZA/O); 4O X =0.4(8)=23.2m/s

By% 8y #(2,,) +3g,),

@)= 3.6 mfs*

N,
(2, )4: 2.2m/s? N)"

From poly gons ‘
Ay= 9.58 ms® 4 = .09 m/s? %),




= Qo dg/e =

I rz
6.673 (10™")[5.776: 16*"- 333 000
146 (10")]™

0.00593 m/s® (<)
637 (10°)[[7.292 (lo's)] ¢

0.0339 mis® (=)

Rat

]

- 0.00593{ + 0.033%(
0.0279L m/s*

"




4 :=re = 0.5(c 5)=0.25 m/s*
@= ro,= 0.5(2.2) = 0./ m /s

-]
a : 2 .
S For beam o= 2B 025 o.
\\\ Qg AB 3
T\ = 0.05 Fdd/sz cw
~ P c
L 3 t < l
A 3m 8 b___’ ~ya,
jm'—’—
2@yt Geyg = -0.1 + 3(0.05) =0.05 m/s* dewwn




5//2 Tn The Ceardinates shawun, e Y\m-s\'\r

Kinemakie Consbrints Gwe Vo=-Yuw, QAs= ~Yd,
iﬂ

) 3
So w=-"F -3z =-15 rdfs
Q -5
K=~ == -5z = 125 rodfst ﬁ--x

N
= 3¢+ ("7.5!53x 0.4[-cas45°1 +sir\45°i]

5120 +2.12) ws
Go + Ugfy = G0 TXXYgy ~ W),

C\B‘—'

—5L 1 12.5kx0.21 - (-7.5)7(s.21)

-16.25¢ +2.5] wm)s?




S/)25 |




):2'7*)7/.31

(Zap), AN “sg), z

VAN
=27 ms%, 1457\
V2 ¥ ’

\
}" Y
6 .
m/s?

. a2
(%), AB, w's VZ 0.15V2

29 rad st
Ww =3 rad/s

1=rw=0.2(3)s O.6 m/s or YU =-0.6L m/s

40=/’0L :0,2/9) :/,5»'*)/510" 4,=-18L m)s?




5//’27‘ = [0 _ , w=278 . 2,6 s
% FeT2TEms, 5.900" * “ s

ma’

"% H2,), */@v)
(a, /a)n- 0.300 (9.26 )%= 25.72 rn/s?
(Zay,), = 0.300 (11.57) = 3.97 m/s2

(QA/o ),,

7 =\/(3.47,+3.4 7)'t(25.72)% = 26.6 m /52

Y

(QA/,)t



T
&= ag+(%ass), +(8ay ), .
(%ug),,= V2 @ A
(%asp)y /450
aA

-wz
Xy o°




[ X : | ) ‘A
9= 3radfs | 0
O=0 4 9\’: 90 !

LA 3 Yoz bt ppx g
== ::““‘: 1) =1Vl ()20 for 670
|
i | )
O.4m 0.5m | &= 4+ /.d,a/g)* ) /_“A/,g),j
|

L= 04(3)(-j) + gk x (03i +0.4/)
= =/2) ~03X j -0.40g(

Ay : —040g ¢ 0:-4,2-03%,

%
QA

B:-"‘"}"ﬂd/fsz -(-XA6=_41( rad/s?

)

<0.4(-4) =+ 1.6 m/s? = .64 m/s?

o



A _03m Uai= 0.98)(~)) + W ghex(-0.30 +0.%))

5/130| y Y, = Vg + Wap Xy,
|
|
|
1

|
|
0 |
‘ .5 m . B _
49:4md/5l o E %'_0'4%6)0'_/'6 Q.3a)A,3
04 -

-QA= %7t (—QA/@ n I'(—(‘A/a)é where gg’ g,gn ,_Qgé--o

) =3 =0 %,32 /'L') = 0'4(4‘2)(“_4) - 6,4_{: M/Sz
(%4/8)),° %anX /-Aex—a/@) =Wk "(‘”Aal""[‘ 0.3¢ + o.e{j_‘))
S wABz O.3_L -O.4_j) = (_5:33)2(0,3_4' —O.{j)

a = - ! ' . .
(“A/B)é Lan* Las5° %k x (~o.3¢ *0-4j) =0hg (—0.31-0.41.)
506_5)‘/7&){9} eguaote < t_j coefficienrs 4 set

—O(AB = ~37,7{< rad/s z) _QA =730 _[ m/.‘;2




5/131 | A

F'—(‘Om —Tht, &o\m’tlhon ~+o

“Prob. 5/‘18 or 'From

_ VYo
Vo= VY W= = =

3
2/,2 = ‘g erISeQ CW_'

From Qo = T'a

)

Qo _ 4 _ rod
O(‘: 'S 2/|2 ‘24’ SQC_L
2 CCW
An = %o + Gpjy = Qo + A XVq =W ¥y

~4L + 24kx 3y - 87(7z

- 241 - 270 ftfsect

"

2

Op = Ga + Gpjy, = Qs + AXTp, —W T,
, 10 Cl 2 2 .
:"4_l:+ 24~l_gx<|zC°55m ﬁu*'ﬁj)

(<IN Lo 2
—-|82‘(12C055m L -

<
"_ B
\——

— 2650 + 34.4) Ftsect

(Could use P as & base pomt For C_lo.)



| 2_ _0.2)*
"5—/132 % s 2“05) QO_ m = 0.30 m/52

- !

£ [mm a,- 25510 (0.30) = 0.48 mis?_
%)ao qﬂ:'ﬂo 7‘(5/0) 1"(-8/)
w ,Z&,QA /aa/o) = 60‘0 =025 )Z 576 m]s?
/ada) Box = 025(015) 0.30m/s?
Q=0.30m/s k

Zg= \/(a. 30+0.30)% 4+ (5.76)2

= 579 m/s?

-4
(@) i O



Y , -\ 0.5-05sin30"°
5/!33| : (6= sin”! 23

|
/ +--=X = {2.02°
8

{'UB = 4.38 wis (Prob. 5/ia)

w = 3.23 radfs

Ya = 3mfs = constant
SR

T
Qg = Gp + %gla = dAa + X XY¥gy — W0

-BlA

N ¥ by 4'381 . . o

agt (Sm 36 L - Cos 30;}4— 0.5 (COS30°£ +Sin 30 :0
=0 + kxR (-cos12.02° { +sm [2.027})

- 323" (12)(~e 1202° L 4 s 2027 )

CG”:\ owt Vvedwr Qb@bmé ec‘ucd’e coefﬁ'c&nb:

L Zag, +33.3 = —0.2500 +12.28
§1-8agrnz) = -M4x - 2.0

Selvtn s gy ~23.9 nk? 4= -36.2edfs?




- Ua
4 10 “ae” 2
OB wir ;=0 so (QB) =IZ€ Eyo)
‘ W r é n r
: ! =
= b, %%t o).t (2a4),
A a
A =
=const “hs ‘QBJ. ° +@B/")n o
(28)
Q 2 8/¢
Thias of = S8l Va T

T (Zap)y* L = e



27735 | T 4zo solay)=0
\ =
r

/O( )
(&) = rc
4 Z \ l d@ ( g)é
oy ,"'A B wa;x:-}fi:w
w
) 2
Yo lat “epln (e )‘ (Ggy) - lo* & lw
: 2 - s °
2,: lw e = T
: BA = LW
(QB/A )n B ‘UBA / ag/A )6: o

2
Thus ro.= 2[602) = 2lw/ cw




- ' Un
L Ul |
o 45°
Atz s Up=4
UQ/B:%M/S & /s
. 4
A “g* Ly, 79 red/s Ccw
A T 0.24
, [o/2m w,: ai/£_z357md/, cew
7T

_dA: —QB f’/gA/g)n + (gA/B)t
(Za/g ) 0.24(//,7¢)2=33'3 m/s 2
(@) = 0.12 (23.57)% 66.7 m/s*

From d/ajrem
(@4) = 33.3+20/(2= 475m/.5
(Ca)y 475

0( 2 — b: — = d

lewW

—20 m/s?

(%/s),=33.3
<__L_Z

45°

( /a)

(Qy )t

(@)
=66.7
m/s*



From Prob. 5169 U= 2.3/ 77/ sec

7,

50°\10" Uy 223 Fifsec . = 2.77 rodfsec (W

-QB - -QA 7L(QB/A )n * (‘Q@/A )t

A — Ay= 3 Hfsec?
/Q ):2/2/" :23/2/20_32 £t
Up = 4 #/se. Bla In~ “Bp /BA T € 2:3.2 2
Y @Qg), = Us /g 2
G 3 Ffsec 8)n= Yo /8c = 2.3)%/12 z6.4 ffpul®

) : .
Summing component in
y-d/r; grves
(Gg) cos 30° + 6.4 5in 30°
<
=32 +35m30°
(Gg) = 1.732 F#/se’
¢

-(ag), 732
oty = 1B

E'_é- ) lo/r2 y
\(aa)t :2.08 Bcew .

Jad
sec?



)
(Q%)t: Po o =0.06(7.6%9) = 1. 23/ mfs?

4, )/(4.64 -1.230)% £(1.231)* = 3,62 m/s?

' Qo=' ——-—(2)‘: 123/ m/fs

=769 rad/s?

0./60

-

= YUt _o0.9r0¢ red

= mtY% _ 0. .6 _ 2
A8 0.260 =35.38 75

ow

(Q’Vo) n P

(Zrp),



- - road
/139 I From Prob. 5/81, &, gT0-214k @ z0.429k 222

= ga*/—aA/B)n +/QA/6)£- ---- (@)

' wW=0.5raed/ y
4 A Const /5

A
Zn= LoeaX (W x La) + KnX Lop
= (0.429)(kx [k x fouzg +0.46/1])
Fol, ke x (012 +0.16))
= O./"?(-O.ll_(_.'—O.lbj)
f"O.lZO(CAJ' - 0-/60(CA£

(2ayg)," %as X (g% my) 2(0.214) (K x[kxfo.24( + 0.04/]])
2 0.0457 (- 0.24¢ -0.04)) m/s?
(@A//B)t"' o{qaf_\'X_féA = olAa_l_rx(a,24_(,' 7‘().04_/') :%9(0.24/'_ 0.04¢)
Substtute Forms into £9.(@) ¢ cguate scparately (8
coefSficients & gef g - 4o, = 0.2755
adA@ - GLcA = 0.0204/

Jo/ve J'Jci‘ O(CA= ‘0-0758’0.4/32 , 0548: —-0.0277 rad/s*®

HKem = -0.075% Kk rad/s?




5'//4.0’ a_ =
____J -C _Oo +(g%>_)n * /-ac/o)g

A
(6) Q)7 wo7l¥); (@) rec

ly (Acp), = rew? :
7 (acy,) = -
Add g set Z5 (ko) £

w
N 2 r?
\‘0( &:(/’w-f_%.’)_j Y C\()t

R X l‘IZ‘f‘r -
gc= ) rw ]
=X 1+ 2 4
re —-X
(a)
/ﬂ) - Uo-z r.?.wl
Doln” 5— ) = —= , |
E"I”’- _,—‘! |
= 2 I
g%)n rw;/ | A
(?5/o)£= -rol ¢ 2 :
2t
acid § set Q= rw . 2 ot I
- ﬁ"r-‘/ l‘/'a)! - - j
/-R™



“g=2, 7 -45,/4 .
= 583k X (5.83kxo./8d)

2
,3ckx016’d m/s
= -6./25/- o./aozec_z m/s?

2= XX 2y,) = 10k x(10kx[-0.064 +0.08/])
= 6c-8mfs* (¥, 0)

(R84)n= Cunx(Lhagx I\ = 2.55x(2.55 X o 268 +0.1/7])
= -1.5¢ -o. 625/ m/s?
(45/,4) = kx(024L+O/JJ- -0./

Juéa)‘/ﬁzﬁ /0 accel. eyt—fﬂ//ﬂw ?’c‘;aeﬂ' Cocff/qen/s
# s5e? -0./fx, = 6-15-0./0,

So/. /5
= 2
~6./25 = -p-0.625 + 0,240'(45f Xug = 10.942 k rad/s ',
(%gc = -/9.21 b rad/sd




5//42' Usmg C as the mstont center for AB gives

Uz= 0.150(40) = 6 m/s, W, = 5-/_ = 40 rad/s
- = - & _
Up= 0.2(%0) = &m/fs,  w, = 4= 80 rad /s

(QA)n*’ CQA)t = (QB>,, + (Qa)* + (.QA/@),, + (.QA/@)t
(Qa), = 0.1(80)%(-¢)=-640¢ m/s?

(2g), = 0.150(40)7-1) = =240 m/s?
(Qasa)n® “ag* (4haX I ) = ok x(40k x [0.2¢ - 0,15/ ])
= -3201, + 240/' m/s*?
(Qﬂ/ﬁ) S ‘dA@x A/@ =0 Jor C()Ae COHS)‘

Subshtute & couale ¢ &/ coefrrcrents & 5e/
(QA) = -249, 7‘240J o So o,

_ 2
(Gg), =-320L m/37 () . f;S(zw)f—Jh—an m/s?

225
_D) = (320)(- 4)- -480(m/s) o= ~120(9L+3/) m/s*




S//43 | C= instan faneous center of Zero veloclty Sor A8

g = i.’: fﬁi"
C V(450)% (100)"= 439 mm B 00 ;0 A8 ca s
- W/nm = (00 60(2) 5, rad
| 250 mm wWw=60 439 60 S
UA? A U. rev/muerm

(-] 2
Zy=(dg),* 100(277) "= 3950 mmfs*
A= g T (Gasg) +(%asg), “lr
¢ - 2 2
(Ray5),,° 450(1.432) =723 mm/s

- -1 7
B="an 4‘?0: =/2.82°

z
2913 m’”/‘('
Qg = 3950 mm/s* (apm-\)n @ass)
Fe hY . N t
4 (/-" A
(QA,&)&: 923 farm /2.82 =923 %‘% = 270 mri/)s?

- @y
&, = /8)4 -7
A8 450

@, =3950 + T23¢co5/2.827+ 21050k 12.62° = 4890 mm/s*

= 0.467 rad/s? CCw

or Aq= 4.89 m/s?




5144 ° o5 . 06 - 50.3°
L snpg ~ sine1s°) 2T 903

Then & =180-50.3°-675"
= 62.2°

y=90-g= 3T7°
«= [80-¥-225°=]78"°

UB/C, _ 'UQ_

2z.5°

0 d
Wee = =2 =0.722%
'Ug - Ue BC—
5m225°  “sinli78° ; Ve = 9Rle m/s

(%)n =Yg fr = 0.216%/0.6 = 0.0780 m|s?
ag = o7 + @), + (Sac)y

V B)n/,'x AN 0,5(0.722)1

s /- Comps. + 0.260 = (@gl Cos 27.8°+0.078 cos 62.2°
(@g)y= 0253 m]s*©

Y- Comps: 0.253 31 27.8°= 0,078 sin 62'2;@8/(:{;
@g/c W= 0.0473 m[s*

@s/c)t 0.0493
0( = - _ 2
cR = 55 ° 0.0986 rad/s® CW |




5714 U=4
145 m/s const  mon Prob. 5/112

— U'=2.5'm =875 ™
100 209 A 5. %S
0 ot Wyp= 12,5 rad/s

250

| D/I’ﬂ@ﬂ&l@ns (QD) = 'Ud‘ = 1.875 2
D inmm ;L D/pD° 5 pep 406 M/
Q, (@ = 2/_ 2
= tent 552 93.1° " n” A [o4 0./?5-50”:/5
AD = 250 rmm D/A)n:ADwAD : 0.250(12,5) = 39. |

. o m/s?
(@ DIA){; Solutror of polygon
9/ves (@ = I
(O' o) D/A) /e

\ ) = |, 72.m/s

mo)n O('B =(ap) /59

— . - P = " '72 d
@p = (Qn), = 50 m/s2 °.25 =46.9 );01 cw

~




S/ /46 l R a Gy mspec//on usmg maf‘nm‘ center,
«\

W, & 2 =
Wns™ > Vj}_e krad/s

Y= 2 ';’/s 25* &, *(“644)4*{ 8 ), ) %=O

: ‘Vecz‘of alicbra: Lg=qgt (2gp) = Wagx (wagX as)

(2") kx[kxoz(ﬁé'-—’j)]
| = 40(_|/'¢ +1Jm/s
(%ap),= Lo *lig =ofykxo2( a—-z—‘_j)

= /—oﬂa(ﬁg #¢)

Thus @gizor R(-Bivs)+ 28805, ,))

So  ag-=- 4; dAa¢ o0- % 40 O‘Ae./_:,
GV Gy = - -47".-”rad/s 7 ¢a= -;"75 fs?
%" %t Qap =0+ §(Qap), + F(2sy,) = 22(5i0))- 22 2 (13 #4)

o
=—j-v—_& = /540_9 m/s®

Vector geometry .
(Qgp)p=0.2(20/73)% = 30/3 m[5?

(Qe@)é = O'ZdAB
(@gp) 0= 7 (%as)0> F0/3 m/s?

{QG/A){: '2—/(Q844)‘4'- o.!l NAB

.:’_4~02,. n 2
g T /5.40 m/s




J//47 I %=3J%@‘ From  Solwtion fo FProb. 5/18
U;’/B= 3.46 Sff/sec
Upg = 396/ = /3.86 ragfsec

Q= Gt (Zayg ) */QA/a)t

(%), 732 (13.88)%= 48 ft/sec?
20+ 29
Sin 60°

= 50.8 ﬂ

Jee 2

= (ac/g)t

VY dragram (& =
rom aizgram A/:zv)1é

Also (ﬁqg)”
Qa9 L

q,=Y(66.97)% (40)*

Components of a, are

- ° o_ Sec
(4,) = 48C0530°% 50.8c0560°= 66.9T 562 = 750 ftfsec?

p A o« .
(@), = 20 ~ 48 5n30°+ 50.8 5in60°= 40 £7

St

sec?



> 5/143| Wep=~Tk radfs | ra=-01L+0.2] m

l0p Te8 = 0.05) m, Vgn=-0.31+0.05) m

Yop= 0.6] m Vg =0.05m i mfs

—

= T0.3wgg | < 0.05wAg

.._..:_/_’KO" = —O‘\O“OH j" O‘ZNOF\E
’ \ -
~Oul0doq | - 0.2 L = 0.05mL — 0.36dag | — 0.050k4l
Equate like Coeffeierdts: Wag = - 0.28k rads

Wop = = 0.857k radfs

Now, ap= ag +(3alg), *<9Als)t *

Qg = = Wop Yop T o X Yop
= 0.734(0.1'3- O.?\_',) + Kgq 0= 0.2_(',)

(‘lala)“ = - wﬁg_rsﬁ = 0.0816 (-3¢ - ojos\i) mfs &
@ﬁlﬁ)t = AagX fga = Kpg (_0.34—0.05'5) m)s©
Substiturr 1ndo X) equoate |ike Qoefﬁ'cn'erﬁs)'f s ktain
Xoq = -0.0519 rad[s” | Xpe=-1186 rad/s*
ae = @03»'\'*’ %Xt +(% ElD>n+ (SEID)t )@E/D>h:9 since 0, 50
Qg L= = 0.6 (0.857)§+0.6(0.0511) i +o_ kX (o2 -0.2))
Selve o obtam Hep= I.27?.{md[53 Qe= 0.285 mls?




’5‘//47 | w= _2\3__”:2,09 rad/s , Z{q‘: 0.6(2.09) = 1.257m/s
A AR

Gives Z/é/‘.'= 0.362 m/s

2 3m Ubf-/.234m/,s
) y7
peton' 06 . /1.99° A= ran ' 2021690
2.85 ) 3

Q -
L (%), + {-aai : z/ Zant (2o, + (9,0),
A 0 (4g) =(/'2’¢)-0.486 /et

n 3/3 - N
2
(@y), = 0-6(2.09) "= 2.63 m/s

(@ep)n = 2.9/ (0.1244)* = 0.0451 m/fs *
-~/

~

(@2g,)
Alg
(@
8,
= (

- - - (@g,,) = -~

(dB)nFW (Qp), = 2.63 m/5? e 8/n) = 00451 =
m/s? Jol. by vector alsebra or veelor geometry gives

0.53¢%
213

(@)= 0.539 m/s® @ = Doy = CDu SRS =0.568 m/s?



D yy pareve/ fo i S0 Y=g ¥ wygzo0

100 mm 2 2
= . = - UE {200”')
z mm /200”}2 mr/3
(Q,q)”: 125 = 3/60 mm/.‘az
200 mm B si 50 ,
B zoao 7y
50 mm = /4.48 SAS
) (@anitlt , 1; ~%
At
Ua @, = 7900 memm /53 4
) . e (@,),= 3160 2
From Solution by veclor algebra or vector
ﬁame{»_y/ (@a/g)tz 4890 mm/s?
b
2., gt dp,, * ap, =@ = =2 (la,,) = 320 - mw
bp* 25+ Qosg ¢ Ay =Copys), Fr ( Latg),= Gow (4990) = 7390 33
(=4-2)

ay* )//7340 sin 14.48°) + (7900 - 7340 cos 14.48°) 2
= /987 mm/s?




Attach B’x\\) to  disk
as shown. Tn KEgs.

512 ¢ §/l14:

)

)

_______ -X Ve =dag

rﬂd [y GA
W = Bk Sec, 0% -3k s

\ / E: —0.5;:-1-0-6‘74‘{'*7
0 W

'\qul = "‘2\-1. 'F't'/sfc,
Ory = ’2.5\; ‘Ft/SQgL

Eq. S/IZ\ Vo T Vg WXL 4 Ve yieds

UYg = —3.330- 4.5; ft/sec

Eq. 5/14) Qa = %6 + XX +WX(0XC) +20X Yy +0y

Yhelds Q@ = 3450 - 12.67; ft/se”




'U(- S;nelj + Cos© l_<>

2w XY

ALKk x v (-—Sin 9:" +-COsel_<_)
2V an&é_ (west)

For V= 500 km/h)

(GC) Equa“t‘or) @=0: =

o,__ -5 Sao
(&) North pole, ©=90" Qcor =2(7292-10 ) 3¢
0.0203 m|s®

The track Provides the necessary west ward,

acceleration So thot the Velotity Vechr

\s ":rape(ﬁ Yototed and reduced in mmjni%dq,




5//53| For__'the,‘CMrd'\m'\-e; :3 ) The, no—s\'\p

,\,L_

Constramdy owt V= -rwW ¢ ag=-ra. So
D) -3 ‘

we - = o 3 = 00 reds
Q 5

o= - 2= - =eeTrodst

Use The Frame Oxj as  disk-fixed |

(Bz): Vg = v+ WxC Y,

(5/]4): Ga = Qg +0\<xt1"§ﬁ(‘é“)+2‘£¥\lrd 1 Qre

Iha(ed'\m’c&: Vo= ~3C ms =024 m
Qs = B¢ "‘,51 VUge| = Ry mls
© = lok rodls ORI TR gy
— = TRy - Vc oA
x = -16.LTK vadlst 0.24 =

= -0 - 1087wt
Sebstinete i (5)12) § 6)1#) 4 simplify:
Vg =-3A4L m)s
Ay = R = 0.667j mfs®




SlI54 et e '&x\xj axes sShown in the ‘F\bwg
be ofeched o e disk of e Yhexrn-éo-rwn(.

Fq. 5Pz ¢ Vg =V tWXYE 4V
0= o 4+ Qlxdy + gy
Vyey =~ Shdy

This  result dees net depend on e | scahon
of P



5/155| U
2wl
(a) Neorth /bo/e Dﬁ*

only horizorral CO/nponen F of accelerafron

z [?edx_,e/} 2(0.7292)(10~%)(15) = 0. 00219 m/5®
SF= maj' /€=.5'o coev (0.002/9) = 1094 N '
Vre! ‘
(b) Egeraror %% a)x 20O where X-y /S
— 4 horizon ta/ folane

LA W S0 2wxUe/ =0 & rtherc
| 75 no orher horizonta/
Qccelborafiom o £ =0 .



) /0
5//56_1 /\)\ y Yr 72320000 = 20 m/s
\ z/- - 54 x /000_
\oof(‘ Vg B Feco = /om/s

|
|
1
w=w_ =5 a
/I:——> D““—x 3 00" 17" &
B

.«—20”;—71] ._Z:_&’ FWxr U,

8
15/ + 0./5k X(-40( ) + Uny

AN}

Q
I~

i

Vo1 2206 -9/ mfs

5y wxr

ey -

v . i ffers From (U '
( /E/)ra/'a/‘/nj fe \ Zres translarting

axes axes



S/157 | From Prob. 5/156 Yy, = 206 -9 /s
' w = 0./5k rad/s

Gt WX(WXr) + coXr + 200x Yoy + Lre/

4
2

&0, &= BBy - L8 225/ m)s?
ATy DT Beg)e- o L2250 m/s |

wx (WXr) = 0.15k x(0.15Kk x [-40(] = 0.904 m/s?
a.:)x!‘:__

2wx Y, = Z/o./fé')x(ZO_d-a/): 2.7( + 6/ m/s?
Thas o= -2.25( +0.90L +0 +2.7¢ +6& + Gy
Qo= =1.35¢ ~6_j m/s?




J5//58 l X-y axcs attached fo B ond hove the
angulor velocidy w = L9 = o 745 rad /min

Ua =/2 knots 780
2n mi
A -=- %—_47—?5—_ UA:' _% *{?X_f *—%/
U= 10 knots \,/'w WX =0.17¢5k x 2¢ (6o)
2 | T 20.94) knots
Y
Thus —/z_j = Jor + 20.94:/’ * Yol .

rel
Zj;el = "/OL"“ 32. 94_; kﬁo;‘s 32'?4

| Ut 12 1024 32,942 34,4 hnots

/3 *ﬂﬁ-szTq' /6 87



5//57 I‘U;= ﬁ;;_fo/%_oo)ﬁf'):—/fo_é m/s 2. \\
v - :’_50_/’0__0_0)(.;)= ~/00¢ m/s .' 400 m
~A J6oo - - B P
GGt wnr ey, Hee L -y
U . 1
w= "“g;. 150, _ 3 loo m
L5 I 2ol TRy red/s -:,., o
r=-/0ok m A
SO -/00¢ = ~/50¢ + -—/x (-r00k) + Yer, Y= 87.6¢ /s
2= 2, guxf‘+wx/wx/”)+2wxvm, * 2poy
where &,=0 w=0 g = Ut
A= ) =8 —p—_“,-;;b’ 56.2 £ m/s?
wxlwxr) = 2 X (-37.5¢) = 14,06k m/s?
WXy = 2(2)) X 87.50%-65.6 K mys*

This 0 = 56.2k +0 #1806k - 65.6 4 ¢ 2.,
Qor= =469k mfs?

-




5/[6’0] Lt P be /ao)nf on the road comciden?

with A @ =, 20Xt By
E___A T?_»gd)(?_fre/ Ror 2cro vertca, @ccchera n’r.;,/
T P Z_fre/ 2
- /wazj'l / ; = Ka)
rw = 2 B e
a.=Rev o
P Ype/ = 'Z/Z“)

for R=6318 km w=0729200"*% raqs

U/:E/: 2'/—(6373[/03)(0,7292x/0—‘7 =233 -,,,,,/.S

or 25,,=233(3.6)=837 km/b




5/16/ | /aca:/. o f 64//)xy=:3 = @y # wx (wxr) F2WXY,

Once ball leoves A, ihs horiz. # By
accel s 2ero, Q=0
, ) .
2w X u Qg=rewy
i\ 7" 2
T W WL ) = 2rew’ (~j)
@ WxX(cLoXr) where 'r'z Ez =2r

WK Ypy= 2wk X tel-J) = 2awe
2-0 z.I .
Upe)= -ty +2rw y -2awe
= rwy-2ues

Qps) = w\/rw+ 4d?




5//62’ A X r=(20+b){ = 25¢ £t

g Ype/= Il = 2¢ SH/sec

BA :
\ 200 » @ret = r{ s=/¢ f#/sec?
-z M = /0 -
B w /-?5-/7'_/_\‘ 201745k rad/fsec
3 Ué Qg ‘L_:)::Q
= 38 4a- .
%" 3o 44=51.3 Hlsec YUp=51.3(L 03 30°- 4 5/ 30°)

Qg==-10 Ffsec? g = =10 (£co8 30° - ) 510 30%)

£g. 5114, Qu:dg t+ LOXI +IX(WXL) + 20X Yy * Grey

S @a= ~/0(0.966£ - 0.57) + 0 #(0./748) ke x (5 x 25%)
#2(0.1745k)x2( = /¢

(6)

gA = —10.42_4.4-5.70! frlsect  m, respect to growund
@) 4,-25= ~/0.492¢ #5.70!' - (-10)(0. 866¢ - 0. 5-‘/)

= —/T76L +0.70) Fsec? with respect fo Fruck




Y (s -
: /R/( -2{4--% WX A y;e/

1 / ‘ . .
v /// \)C %:‘USIRQ_L +Ucos 9
}L/r NIRRTy vy o
&g =Y, -2 k
At e\ B R -

! [P |=2rsin$
’ _ ) - . &
r=2rsin2(sin 8 -cos3 /)

v_ R . . .
r-_% g 9y - cos?
wx fek)(zre,s/nz(\smz_{. casz_._/)

- 20 7 I I
2U sin 3J -2V sinz cosz ¢
- (1-co58)y - Usin&¢

Thus ~Usin8L +Veos8): Uy - (1-cos8)/-Usin 84U,

Jo _U're/=_0



f//‘4’ From Prob. 3-//63 ?r—'e/=~0 )g):‘gff

wxrs “Usméc -y//—CoSG}_j
wx(wxr) = - %5 X [-Uszha_{.' —lf(l—cosa);j].

- Uz . . Uz 6)4.
= XL s ) - Y (/1-cos8)(
re -1 5

Ci) X_/" = ..O Q/{f
Z- X.Vrez/:g // \
a, = Ui \
8" R ¢ Ut/ x
4,7 Gg +wx(wxr) +wxr AR — — -5\

* Zc-ox.l.j.n?/ + 4.y

2 ? 2 ’ .
S0 0= 1 ¥s5/ne)/-YUli-cos&)i +0 +0 + @
O=ZeLt+gsmeés- ¥ )L + 0 +C zt,.c/
:-Uz ’ , . _ u
Grer E{6059f+51n9£31 R Cos©
re® |

-
/“U" .
R SIind



5/168 g

Up= 48‘02‘!: 704 f/sec '
8= 4593, % oy
vn = 36024 _ 528 /tfsec >
A 30 Q Smi %
U = +wXr +u 5V “R ¢
AT -"BT="="7""Zrel /
\ %
Angular vel. of axes = w = YB(-4)

-704 r
=———— £k =-00/48!k
775250 = k' rad/sec

Ul = vel. of A rel. to B
r=5(5280){ = 26 400 #
Thus S28(-0.707(-0.707;) = 704 j - 0.01481 k x 26 400 +7

Ype1 ==373i-656] Ffsec with o, = 78) It fsec
or S33 mi/hr




5/’6‘6 lﬁe/er o solution for Prob. 5/165

+£<_Jx(g_dx5) + 20Xy * Ayl

+
2.
X
IS

2 2
c_ 704" . . 2

r= 0
LOI481 kx(~0.01481 k x 26,400 )= -579 ¢ f/fsec*

X
X (wxr)=-0.
By = 2(-0.1481 k)x(-373i -686j)=1105-23.0i Hfsec

I}
I
]
hﬁ
]}

By ZO-1043i-0+5.79: -11.05+20.3i=1569-11.05; #/sec
where a6 =1919 Fitfsec?




—S—ﬂfz—l = (—sx'nGJ + Coselsj
cor = X xY
= 20k x v (-smn &, +-cosel_<_)
= 20vsm 0L (uwest)
--Y  With ne westuward force

9 e

B
Me ahan 1sm Oola'\\c\\o\t) The kall Wil drift

1o The east (_YQ_\O‘*'\‘\N 4o the Sroum{) W th
an acceleration of angniﬁde, Qeor .

2SS .
$10° e = 20Vsie )
A . -
' = Zay t”:—{(gﬂ_«)sme)(v)
v L _ LT |

—

Y Sin 6 (QSSUM(’S S<<L)

With 0.=7.292 (15°%) redjsec,
=15 ‘H'/sec) k= 6o ft $ 0= 40" §= 0,025 ft
(0.1350 ;n.)

— - - /




5168 I/_ez‘ P = point on ODE coincident withA. 4%

Ya=Yp+/p Ya
=0.12(4)=048m/s
U;=0.‘/¢? m[s)
)= O4E 2 %
Wyp= W =27 PV /=%et O e
=4 rad/s CW / =048vZ m/s

a =a p +2WXYy ) * QY

la, ), = 0.12(4%) = /.92 m/s* |
IZg_Jx_J,,e,/= 20d)0.4§4Z) = 543 m s\
(@p), = 012 (4%)= .92 m/s* ~—
From c‘//agr'dm) 2. =2,72 m/sf

(ap), =768 m/s?

Appe == 7.68/0.12 = 64,0 radfs* cCw ~ ZL*Y,
Alternatively, with o'y _l)‘d LA _@:-4_/5%-1
84=(a,), =012(4%)j = 1,92 m/s*
(@p), = 0.12(4*) i) = ~/.92L m/s*™
{ap)t =xkx0.12L =0, /Za/J
2wxd,.,, = 2( HEIO. 48 (L+]) = 3,84 (L)) m/s

Brel = arel -'/"‘ {""’J)
Substitute: i-terms give d,.el/r- -1.92, 4 Qe =2, 72m/f 50 Qpyy /
J-terms: 0.120=1.92+3.84+1.92 o= 64 rad/s* ccw




5//6?| , % YUt XD+ Uy
. '5.?

i Y-l cos)) s
Jo® = 20¢L
L e =208 m/s |
Y B /‘~ @=,i—%(—£r)=—a2_{r rad/s
Us = 4 z - = ’
;4200057 : ooy WXL =-02kx50) = /0L mys
e 20 mfs 1 Ypey= 20(-0.566 L +0.57) - 20( - jo¢
|

= -9473L +104 m/s

- (20) , - ' : '
0= 70_02(.J)+__a ~0.2kX /oL = 2(0.2k)x (-47.324 £104') t @/

. . ' y'
Doy — 44 =12.93) m/s?
X ——=
yl
1
! v
- Zre/ /2.93
X____ - et .




w0l o 8

5/170| ¢ = (180~ )40 = 1R5 4t
r= %8T(i+) ft
/yﬁ: _4-4'£_, ‘Ftlsec

Vg = My fsec T — -

4“4
W= gk = 0.244k radjs
(Biz): Up =V + W xT e

S . é L4 <
sbstitate ¥ obtim W = -22.30-457) s

(B/1) 1 QA =06 +AXT + WX(AKE) + ZWKYgy + Gy

Qa = il\‘ = (8,76 ’th §
q 5o 3 1y SCLJ- G_G:-—lo.%t 'thseQ_L

Q=0

\ é . ,
Suestihde | obtam G ==16.06L +27.0; Ftjsec”




Oy al] Y, AnlO=00°)A, (6=0)  For cireutar orbit V=R \g/r

\As S R # oy
A —6 Aa_ L Yr geosyn. oréit U=, 4,
- _ 1)
50 ), = RS/, ) fa* (_"%2?;)/3
(637/)%(9.825/10)) %5 _°
= =42 /7/ ki
‘A { [0.7272 (10~ ]2 4 !
-¢ Joooo o
} = = 44.65
m637) e T, B=¢e5 577
9= 9.825 m/s? | éa =)//4z'/7/)2— (30000)*= 2963 kwm

_4 N .
w,=0.7292(10°%) radfs | 7.825 /02
o ‘ , 7% 637/ ZI__I{LO (3600) = 11070 km /4,
| w:a)‘f)’: Ua/g

= 13]25 _ rad | U =437//M3 00)=/3125 kv /i,
30000‘0'437‘5 h é 30000 (3600)

LZ=UstewXr 4 U -
SATEBTECS T Zrel | Ut Un Uy -wxr

(@) 8=0; y=29638( km
Y =110 70/7_4' cosp #jsmB) - (-/3125¢ ) - 04315k x 29638
= 52504 - 5190, hm/h

) ¢9=‘/‘Oj r= {’42/7/—30090),/': r2 /7?' brom

Yoz —110708 = (-13/26¢)~ 0.4375k x 1217Y
.= 7380¢ Fm/y,




t Ve Tl 20 Flsee @
w

y Sres* /7' 2-/4 Sfhsect

y\\ ;Y zwk 15—;7_1:-'-‘0.622_& red/sec & =0
) - =
\ | 8”6\w %:-0:—01 Lg=dy= 9
R (2= 30° .

oF == Yl wxI + U
{=Jews6 +J 50 20 +0.628Kx8L + 2
J= ]s;nﬁw‘JCas&} = 24 #5035 Sffsec

So _q;:z[o.ese_.r +0,5Y] + 5.03[-0.5T +0.866 ]
= —-0.78/ I +85.85y f#/sec

(a)
Gy toxr + D x (WKL) +2wx Y+ &

2 '
20 +0+ (0.628) kx(kXBL)+2(0.628 k)x2( ~1¢

= -3./6L +2.5// -¢

Q- - 4.16¢ + 2.5/ Ffsect  (6)




5/173] Let O’)Lj ke odoached 4o OA. ETQSI\Z):
5

Ug = Vo + WXL + Vre| 2‘3.,,9 =1
, -
= N 2 0 — 800
Wge X fs/c Won X Teiy 'Um‘ v @60 =I
('*)BC. Kk x O.Z(Cos(oo"i + Sm (,o"i) ﬁ: 60°

= —3kx 0.2 + Vi

. G . .__ . .
010 Wy | — 02 Z2Wgk=T 06 * VL
L -01T32 6lg = Vg Wge = — 16 radfs
dt O lewMge = -0 Upep = + .03 mjs

Now Eq. (Sh4):
Gg = Qs + A XY £ WX(w XL ) +RYW WVgy + are)
Ag = g X (\ﬁﬁﬁxfﬁlcb T Rec X Cgje
= QZ'OZC’C% o't —s§n<oo“§>+ *g KX 0.2 (+cos (,e“g'esf-w‘ﬁ)
= -3,(0:: "6.24‘:) + O.IOO(Qc_J "°~1% ak&(..k
_ _ N NQ
Gray = Ove) L > 3\)‘03’\1%@& \“5‘0 §/|+) ‘t Sahve +‘
obtawm Ng. = O ayyy = — 1% m]st

)
ﬂbsol\r\t maFan Gpemodn ZA 6 =

2(3+e =8 D e-um—o i




SH74. l X-y axes are ~,/ Y=200(10) = 2000 mm/s
attached o

)C\B

N YUjp = Yy = 2000 (5)
(30° ‘/OOOmm/s

= 2000 g_—/nz
A, 2w = _P 1732

X —_— '5raa’
4 PC 2(200)V3/2 /5
24 = 20 = . r, 4
OA = 200 mm a, _ac+c_ax_r+g)x/gox_)+24_axg;,/
‘.. (93 " 2/29) f_d

Ww=0z0 Sinc

7~ o, " Thus (.Qp)‘=g3x_f=a

wx (W)= 52/«,4//« X 2oofa/) 2~ 660¢ mm/s?

2wx Uy = 2(54)x /000/—4) = -/0 004/’””'/’

Zos= K¢ ) &, 200//0,}/-0,9664 o, é?/)mr"/s

774320 000(-0.866¢ - 0.5/) = O +0 ~9660L ~[ocoa, + XL
x = - 860 M”‘/J‘" Bjq/ = - 660¢ mm/si




S/178 | From Prob. §f58 w,= W = (923 radfs  (--/)
\\ ﬁ .3\5- 30

2 0.2 $n20° 506827 m
Yz Sn35.8° ’

r.. o2z
Sin@  3inp

o, b=0.2m Oz r.s:n(s = O, 2//' sSin @

rsing +r/3cos/3 =0.2//20cos & )
U =r =t foyyz[-2]cos 20°~ 0.0827 (-1.923)cos 35,7
rel f/'n.i.5:3°( wzl-2)

= -0.2739 m/s

L= WXL+ Wx(Wxr) +2wx Y, t Gpe/

2, ov,;m [~Gsin (6 48) +j cos (6+8)] = -—-( 0.8269¢ +0.5623/)
wxr= whkxrj=-0. 0827w L
WX(WxXr) = 0.0827(/. 923)%/) = ~0»3053J m/s*
2wx Ypy= 2(1.923 k) x (-0. 233?!}_ 0. ??94_& m/s®
Gre) = 7J |
Jab:f/r‘uh Separare terms g get
‘,—2'@0.8269)--0- 082 7w+0.8994} W = o, = 16.53 rad/st ccw

8 (0.5623) = -0. 3058 +F Feo628 m/s?



swh =6k o:& ks
=L'éi Z/f\‘_’l:Lé
“rel = L“_“

‘ Y=Y (icosp - J 5in6)
v 4 - Q= (écoS@-JSInﬁ)

U= U‘,'./.c_(_)xr' +a)kxb/ = (U‘cose wh)t /U'S/nG)J
Q.+ xrg,»«a)x{wx g)= @+o<kxh¢ +w/rx/:u/rxh‘/)
= (4. aaa cxh)c—(acsme +hw)/

U=Llp +eoXT 4 Uy = i +whxly +£g’

Y= (?)5'5039“'0;' +L0)é + (el - Usine),
Q

Q = Gy + LOXI + wX/afo‘)+2wx Yo/ * Gpas

= -QB + ek x L_(: +twhkx(whrxll) +2ewkx L_L /—L"_f'

QA = (Qc cosé -ah —1‘01"4")5' +(‘a¢ S8 - hatr L+ Z‘UL.)JI




» 5//77' For circwlor orbrt At eswalor g = 3 8/¢ rmys?

i} : - 9.814 /7000 kem
u A 4 *RY9/(Rvh) = 6378)) === (3600) =27 960 T2
= BT U2 R

= =q /=& 6378 2
24d‘km . A ek ‘9/€+h)‘7'9/4,—__—53734.249)‘7’”5""/5‘
U ==z~~~
B8

B 2 =Rw = €378(0.7292)15 %)(3600) = 16 72 hm /),
R=6378 km Yy~ Ug + WX+ U,
PR

= -4 .
‘”=°-7ZZL‘3(’°"‘/M4/, wxr=0.7292(10 N3600)(290)(~¢')
= -63.00L hm/h
U = 27 sh0 - (crertE) - 63.001)
= -26220¢ km/h
Q= Qg + WXl +wx 3,
2" %g t WXL twx(wxr) +2a0x Vo) + 2

= -0.0339/] m/s?

2
~5=‘ - ﬂw! = —6378//03}(0’ 7292)2(/0_“}2;/.
g’);.o;‘.‘.JX(@)‘_’)':KOJZ?Z)(IO-"}E )((-63.001_') looo -

.

oo - 0001276/
2wx Upgy = 2(0.7292)(10™%) ke x (-26 2204 ) 1220 _ _, . m/s?
P = JE Rl *)%600 Fol.0623) poyga
0 . ’
-9.// = -0. - - ,
9.015) = -0.0332// ~0.00/276/ -1.062¥ * g,

a,, = - ?.o;{j m/s?



= acce/ measwred relorfve fo consranl
valoci Ry /ramc F, Therefore poml O

can be considered fo be frxed So .
U= 36 km /h or /O0m/s

/O P ,00//) 7‘3

-~ n Qrr C'a/n"

, (Ure/) 54'05/404”/ ):-4?5{ m/5

(zx;e/) Up, fanfd (] = §(3)sinf tong (€)= 0.1516¢ m/s

[5/04](-£ J/nﬂ J cosﬂ) = -/5'/64 - 60. 63J /5 °

ouxr ..cuer;c, = /. G47a)J wxr; 0. 825‘wJ

wX (Wxr;)=(0. '735)2/\'x (‘kx /,649,)=-0.872¢L m/s?
WYX (e X1, )=-0. 446( m/s?
2w x (Y, ,)- 2(0.735) b x (- 4.85¢)=~7/3 m/s°
2w x (U i) 2(0 735)k x (0:/5/6 )z 0 2229’/ "/ €

(Qre/) re (-Qre/}z:fé_f
G. =

o=
Q= a+ wxp; +wxl(wWxr) 2w x(Upg)) *(2 /z.-/)

Swbstibute above forms, Separafe ferms & -1
I;'= -/ 4.27 m/.S‘ = — J2.494 rad/sz

+wx f-é_oxfé_vx )*ZW"‘( /) re/)

fp*

-2
where Q= Qg (L Sinp +Jc0Sp)

Wxr,=~-324 kx0.825¢= — 2675 m/s”
Swbsts /6/ /e & Jepqm/e ferms g gef
= - 6,49 m/s”

Z
Q3= -27 3 m/sz (/o rhe r/}bf)



2 wo f
, = hrev :
e . : ,,"/wl/,:f“)]o
7] F£ . .
‘57/ 4/“) -'—‘/a/f} /T_r__;
—K—/rwz K

A ”/wo/l_—é__)
/ (72g]
ZL:@




4'/180 For U constent G =0 g a-= a = V¥

___3(_”_’_) r: 45m



x¢='2éw59 # éiﬁjl;‘l@

(= -Losmot &3 g e
xc 295/'7 2 & cos O

%c:o when 35-9'3,'"9 = %ﬁa'cﬂ.fa

So 6z4m Vi = 60°




M Ua = Yo +Valc

where U, = IR0 (;ﬁ; L= Tl fthec
Vo Ten= 13[80a L] = jo8y Frjsec
i + 1089 +cos 10° L —sin 0°k |

2490 - 181k Ftfsec
'9_3 = Yo + Vgje

Ve = 1981 Ftfsee
Se g = ITel 1083 Fejsec

So Yy

n




Grven: QC= o, -QB/(‘ 20 m/s?
8 (%) 20(%s)= /6 mjs?

' = ABw?=0.20"
So w?s &0 (rad/s\?

"~ (@gy) = 20 (3/5)7 /12 m/s?
‘. ABol 20.2

x S0 o= 60 ra.a’/s2
Ga= G Q) + (G ),
%9, (QA/f )n: ACcw’s O;"’(go)) (EzA/c)n: -12.8¢ m/sz
(QA/C )é = AC X :O.AIQ(GO)J (—QA/c)é: - a"b\)" m/SL
&7 —I1RBL-96] mfs?




5//84| wea = 2=%:3 rad
Po /6/ ec

V=3 Fis U= ’
8 ~ Se 45 2 #/sec col. = 25 3
4

l

4,05 H 4,:0.5 ##/sec?

(a,
420, (Qpy),7 75120 2 fHfsec” | sl
a
R R i b
&,



57185 | Uy = AB W

, , V2 =3/ W, w=6 radfs

N e

U= 4 F/sec b=2mn
o 2~

- - Pow=26:2
_?/;-‘U—OJ_U;;/OIV—pOKU 6 2

% /2
. St/ sec

‘ Y |
¢ i

=Y 4%4(3)2)*s %27 #4/sec




_Z/C"z red = 0.3(2)=0.6 m/s

Frovn, vector oty or J

- 4 _
Yef = 5(t-t): 406092

o= Yor [ gc

"

0'9/0.4 V

(&
2 rad/s (w ———=

]




0.09m
<(\.

5/187

7
CcD




5//88| ’ mA)c‘ U= Yp/cos 30°= 3 /0. 96¢
Y o D¢ \(a ) = 3.46 F#/sec :
A =3 — V/ 24 . =0 Since (74")

)/wr/ Z. hort z
6" QA /S consrznl
Thus Qu 15 verkca/

Z 2
= =(2V3)% ¢ = 24 fF/sec’
/ //_2 <

£

% (4 )f 24//3 = /3.86 Ffsec?

% %p= Kon® @t /63/'?26=27.7rad/5ec2fm/
0A / :
%" Yrel - OP e
/P~ re V= JA Y% = 9(2//3)f3.46):60’f/5cc \

_%- Qp -/-way;e, +Qpel rel = 6//3 F/sec d,c
(Qp) vﬁ/@p 62 I;—}z ~2¢V. Jf/éec
(Q,o) 2254 '/zr/277) 24 Ftfsect 2wxy
J2w x zrfc// 265/': L - 48 ffsac?

Fis
o avag. Q.= /24+45j',_ = $3./ 5q2 up



_5/181] |et P be o point on BC Coincident

with &,
CA* = 30024100 — 2 (300)(100)cos |28
= 361 mm
(06 _ 3¢ e
Sl'n(i Sin |2e* ) (3 = 13.90
§=60-p= 46.1°
Uns Up = Uy Cos &
= Up + Yy VA =300 cos 44"
= 203 ™M
= 230 ‘“‘"}S
— U =8 _
Uﬁ): CB ? = bo 30| el W\M}S



(a) t=o0, a,%: (“A/o)f 3(2.5) = 72,5 #7/sec? A%

—_— |
V3%, 752 = t (4n)
a,=Y 3%+ 75% = 808 £, e N

%
6)t=1sec, (Zy) = 3(2.5)° —— — — — —
. = /875 Sfsec? ‘

_ 18.75 Hhsec ) @A/o)t
_dA=)///8’.7£-3) + 7252 ‘ Qig_l

= )7.44 ftfscc? (2ay),,




5//‘7/ I Vl R= 6378 km , h =200 km

I 3&; 4 Lonof cosmnes Grves
r

,-"" u,'—-[— <
- T (Ren) s R4 2Rrcas /120°
Jote e ﬁ\ x /637«?:‘200)Z=((378)2fr1

~

A ~206378)(-0.5)r
R /f{ r2L €376r -2 597200 =0
| z- 3784t Z ‘
w=0.7292(107% rad/s 3 tz//637f) #*4(259/200)
0'{—»——-X- = 383.2 bk (0/‘ -&76/. lrm)

Rel. velocity from nonrofotiny 3ystem Y- a FO 13
Latp | But Uiz UG i@kt Upy
So WXl = (YUp-Uy) - (V)

W r = 0.7292(10 % (3600) k x 383.2(0.866¢ +0,5)
So Av’re' = —~S0. 3L + 8%, km/h




gcz—o gC/O) /a)t
2
. r '
a,= ro+ ( w);/
. —r

@ po)y = re’d, @ep )=

2
ro” .
{w)J-l-l‘a)J rel a. =

-)—C—/"V,Q-I_

:d(['
2, =ral+

a,=a +(aA/o) +(a,,),

- 2 _ .
(—a-A/o)n— ‘r‘d_;/)(QA/o)t—f"ot_g

2
. Arw) . 2 - , . 2k =1
= _— - ra) +l"d_t_ ﬁ='2r'ou+ma_~__
-éA l”d_l-l-k—r_\_/ :_/ )4, L




SIS | mor constant length, Ug= Ucos &
A _G\
X —6 \

T we
I

Wy = U Sind

Bul Cosd +AB sino = D
So =

- !
AB = 500 (.D—rcos@)

A D-rcosé




3-

5/194 l tllfq C = instant ceniter

C: b zA %6: ..?é -4 Uda ~—
: 2 Ac bcosb

- 2
@0, (Zgy) = A "JA;: 602 2

oS

2
(Ggp)n {a%) - Y fond = Eﬁz SIné
6 N t bcos® b cos¥

a \

] ol (Q,g//_,)é_ (Z‘) Stn @ cw




>5//75|z-y aves attached fo 8D p= tan - 620500 = 52.6°
reea- Vo8 o2k X\ g Y= 0.25(5) = 1.25 m/s

= 0.650m —>Y
€n5-”oq Yoz Lgtewxr + Upe/
— Lladd &y = Yot = ¢ /r o)
yoD Az pt on 8D o Sradfs
\ U= Uy Sinf3 = 1.25(0 3846)
. \ - = 0.48/ m/s
r =V, = Uz
» WXL =2 w= A8, 028/ _ ;) 240 rad/s
- o AB 0.650
)
.aA=-a+_6_<5¥_ (w"")"z“”‘u'e/*'a’c/

. - 2 ' U hd .
Gef=0; = Qy= 0.25 (6°)(-LeosB +4'sinp)=-5T77¢ +2.49, sz
wx(Wxr) = 0.650(0.740)(~/) = - 0.356; /s
WXl =wkxlj=-0.650w¢
2w Yy =0

_aA:/aA)y_J‘f(QA)x_A where Qa,= 2WX L f = 2wk xUy y

= 2/0,740)(/. 25cos/3)(- ¢
= =/.708¢ mfst

Subsh tetfe & scF .
—/.708 = - 5.769 - 0.650 ¢ , w=-6.25radfs?

(Z), = 2.904 -0.35¢ o o =6.25rad/s" cw
2.05m/s? |




B/196 | From Prob. 5/53 we have
cos [6+/3)

Ww. = 5. where =L O(JZP
2 os(6+tB)-VEicesd 7 |
. Smne
AISO fanp = —2005
@ =-~2rad/s t,= 2 cos (94
fFor @ = y 2 YZ cos B - cos (843)

Setwp program ro compule A rd ), & plof
resw /7S,

. JaiN

y

radfs 2 /

O/ /! \\

-45 -40 =30 =20 -/10 O Jo 20 30 40 45
9, degrees ~




*f//77l O = /00( /- cos B) rrod/s <

. e 6 o

@ 4dé =@d@ JO /940-"—/00‘///-6055)0/6
C /6

= 200 (6 -5/n8 -0,0236)

N
N

o{.

S




‘ S/hﬁ: /- 5né
Ua v2

605/5=V/-5/)7‘/5

cosB = = 7+ 25in 6~ sin%

(744 <
%/ cos B = %’Cosa So 5%61' b/ rw 25 &
A cos© rvz. I Y t2sm6 <sin%
08
Wag/w = ‘ ‘o
V7+ 25im6 -5m% | . -
Jetwp prograns rfo 0.8 —
Solve /o for <]
d /f 0.6 AN
o< B <90, -
@ 0.5 N
‘a8 o4 : o
o PN
Uhp= O.5wW 02 N
when 8 = 96.1° - <[
0

0 20 40 60 80
6, degrees



’fﬁ‘//"qq I y e Lcos B+ recos @

rsind = £sing

l
yi "i U= -x=LB3in/3+ résine
—__A N O\ &;osa ,Q/g cos B

x X ‘r‘ﬁwsa w cosé
% © g7 . _cos

Z /- 5/'779 VQ/")Z- 5/ 20

51n6 + raw siné

wcosa}

)/Z/r Z 561l 039 )

(fr)* 5in*b
From Sample [Problesn /15 Sebshtets
0=12/12 #t, r=%2H, w= 1500 (27)/60 = 157./ rad/fsec & geF
Y= 65, 456118 // # _—cos.e_) Jeleed compurer program
J

= rw Jinﬁ(l e

V784 - 5/n20 g Solve for O0< @ < /80°
/ !
A |23 \\ (U ) ey

40 / N = 69,6 f#/sec
?/é/’ ' : at 6=72.3°

FE/sec - -

% AL N
/ \\ By symmetry
0 | (UA;)@: _(U’;)-a
O 20 40 60 8o /00 /20 140 ls0 /&0

&, degrees



*S/ZOQIF/'WM the resc/fs of /Prok. F/I‘fﬁ)we may wrife

QAH& A {r‘wsz}m + re ————"":“’f‘:
dt Ybir)®- sin'd {_2, 5in28)6
. 2 . p . —_—
= rwf@cosé ¢ (2/r) —5/,,’-5(6@910)-2'.5,,,29 Vg% sin® i
@)t sm'® '

Which reduces fo
QA z rwz[Cose +

Y
r I-25/n% +52517%
V4 -(/_2’::51.”25)3/2 J

From Jample Problem S/15 Swbs A Fe le
L=14/12 £, r=Sh2 #t, cwo=1500(2M)[60= /57./ radfsec ¥ 3¢
/-~ 28/m% ¢ 0.1276.3in%
(1-0.1276 stn6)¥2

X 1.029(10%) [Cos © + 0.357

Set wp computer pprosrem
o sone for O<O<180°

4 . :
J2 "% D
" N ' =/3.95(10%
L Y S [5ec?
Q & N at 6= 0
v, 6 a,=~6.6/(107
% 2. at ©=/80°
. 0 \éo Gu=0
wq -2 q) 2 40 6o | /100 120 140 /6o 180 at ©=72.3°
l —————
-4 N (a,) =+(a
-6 723 N Ao A_)a
-8 ~—— |

) B, degrecs



M A 2 I”S/}?ﬁ-ffzr—/’ca.sé’)?‘mvﬁ

=<, Fars (2-cos8)= 5017 8
N Coszﬁ - (2-cos0)? . (Z-Casé‘)z
2F | (2-0056)%4 5in%® &-4cos@

A .seczﬂfz-cos 8) + tans (6 s/n&) =G wsé

A:é(cose—- 5in® ) cosp 2038 -/ &
2-cos® z-cos,e‘ S-dcoso

¢, ., 2 & - o
ﬂ/ﬁ = J_L:Cos—é W/?Cﬁ OA L to BC) ﬁ:so ) and
U, 15 along CB so p'=o

1.0

0.8
\

0.6
/§/é 04 \

0.2 A

o

—0' 2
\1\
-0. 4

]

© 20 40 60 80 /00 120 1490 160 /8O
90




ECOSe-JsinG

LSO + | Cosd

r== h"+R" - 2hR cosp
n (90-6 c ‘ AR
S| ( ) _ 0S© _SIn ‘{3 ) O = cos [r\ Sln(S]

R R~ r
b - RE En (61T + cos(p-107)7]
o = RET[-cos (g-10°)T - sin (B-107) J’]

Substitute The above Transformation eqqq'ﬁon,s

Into The expressions fFor Vu £ e, and

h . |
simplify F» obtam (with ¢ = cos, 5= sin)

J



Vp = Rp{ [-co s( -90°)+sec(@-?°°)]'
- ) P{[ (3 +[se s (g- 9o)+cec((s %JJJ]
P\p {[_cec(@ P®°)-s8's @ 70)]

+[s6 c(g-90") - c® s(p-90° )‘Jﬂ‘k
Fis. 5/1z 4 5/)4— B‘X\\j affached +0 BD :

A0 Note : r=vri ) Vra| = Vrel L

Qp

a,q-amt.)w wk %= LK
/40

Qp = Qp + A X0 + OJY(‘:“I)‘*Z‘L”?’“-\ e
-— 7" - - -
Va 2
- Y = Qa o
PUre) = Va, N % rel Ay )

qnc\ K = _\r: (fir_\j - Zuum)

Fro\arqm above equations § Plot :
2

e
W, rad ™ ('w
) S —1
«, rad/s"" B 1
0 =
-
AT R
-2
0.4 F / UI ZJ
’  Virel
Urel, Ms \X’ -
are') Yhész i \\ /
s o= e 0 5 ot
e
Qpre) ™ 1
-0.4

0 B, deg 360
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