Ques.1 — Car A is traveling at the constant speed of 60 km/h as it rounds the circular curve of 300-m radius and
at instant represented is at position @ = 45°. Car B is traveling at the constant speed of 80 km/h and passes the
center of circle at this same instant. Car A is located with respect to car B by polar coordinates r and 6 with the

pole moving with B. For this instant determine vas and the value of I and & as measured by an observer in car
B.

1. Sol.

Upjg = 60 1 8™~ 2 (60)(g0) cos 135°
Upjp = 1296 kmfh or 36.0 m]s

36.0 _ %0/3.6
sin 135° 3 Sin@ )

£= 25.9°

re = vﬁ/c Cosf : 300 e = 36.0 cos25.9°
6 =9.1079 racllg‘
F=-Va/e smB: = -36.0sih 259°
i -15.71 m[s
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Ques.2 At a certain instant, cylinder A has a downward velocity of 0.8 m/s and an upward acceleration of 2 m/s?.
Determine the corresponding velocity and acceleration of cylinder B.

A B

’

The length of The mam calle is
.= 354 + RSg t Constants

F 073Uy +Rvg | 0= 3ay xRag

So Vg= % Va=-3S(08)=-12mjs  (up)

and e "Faq =-S5 (-2)= 3 mfs*  (down)




Ques.3- Under the action of force P, the constant acceleration of block B is 6 ft/sec? up the incline. For the instant

when the velocity of B is 3 ft/sec up the incline, determine the velocity of B relative to A, and the acceleration of
B relative to A, and the absolute velocity of point C of the cable.

The cable length Is L= R(Sg™Sa)+ Sy~Sa
’biﬁeren’(\;{nj : +Constants
0= RQug-3Uy ; 9= Rag-3ag
Se Va=35U = T(3) = 2 ftlsec
F (L) = 4 Pt)sed
Ugja = Yp~ VY = 3-2= L Ftlsec
Ggp = Gg-Ga = 64 = 2 fije®
The length of Cable betwegn A and C s
L'= (SgSa) + (Sg=S¢) = 258 ~Sa~Sc + Constats

® 0 =2Up “Up Ve | U= RUg Vg = 2(3)-2= 4 fthec
CAll an3uers are quantities directed wp in cling.)

= e
Ga = 30 =




Ques.4— A particle has the following position, velocity and acceleration components: X =50 ft, y = 25 ft,
X=-10 ft/sec, y = 10 ft/sec, X= -10 ft/sec?, and § = 5 ft/sec’. Determine the following guantities:

e, €,a,a,p0¢6,¢6,V,V,v,,V,, a,a,rr’rr 0o, 0, 6. Express all vectors in terms of i
and J , and graph all vectors on one set of x-y axes as you proceed.

I

_4__$i|_ n= 50 tt . x = —lo H/S@cl 'L=-|0-Ptlsu
{‘3 = 25 +t ! 5 = 10 ftfsec 3- Sﬁt,g\c

U = \l'iz*gf‘; = \16\0)7’+to"" = jodz  Ftlsec

o= \/iz+g"" - \/(—lo)"+ ST = ILIg Ftlsec*

ey = “fy = ("°i’+'°~3>/'°5— = %(-L@)

Q.= O -e¢ (-noHsJ) ;(-i,+j) = 10,6l H.{rgc‘

Qe = Q &, = 106l T (-t i) = "7 5!.. +'7 54 f1/sect
An = &-Q¢ = (-\o;usl;\- (.St +’7.§3)- 2, S(HJ\“/sef'
aQ, = \[2.51 4 2.8 = 3,54 Ht|sec?

e = Ulan:‘ (lml'i)"/3_54_ = 56.6

en = ° /9“ = =2,5 (L +__])/3.54.= = E—;‘_ (_g_+;)3

= Tfy = 5oL +2S) /J So%+25® = 0.8%41 +0.47
Co = ©r votatl CCW q° =  —0.4471 4 0.874y
= Urey (108 » o5 Y. (0.‘8‘(4'& 4 0~44"LD = — 4,47 £t]sec
Ur = VU €r = - 4.47 (08941 +0.447))= - 41 -2 Fifsec
Vg =V "€o = (—‘\o': f(oi) (-0 447 (4 0.8‘)";15: 13,42 f1sec

Uy =V €o = |3,4z(-o.4+7£+0.814j_)= “buL + 12§ ft[sec

<

Qr = Q€ :(—loé, «-Sé\-('o.S\4i "0.4-4'];) = = 6.7 ft)sec”
Qr =Arer =-6.MN(0.994L + 0. 447} = - b -3] Ft[gec?




0g= Q-€p = (10 +55)-(-0.447L 40.834; ) = 894 Ft)sec”
Qg = Qe €q = 3. 94(0.4471 4 0.?‘74@) = +8‘i f1)gec !
v = w]x1+3"' = JSQ‘ +258% = ‘5§59 & :
r = V= — 4.47 Ft)sec

UQ: ,9’\ o= 'U"(: 13,4»1/5'5,':{ = 0.240 vodsec

Q= ?-réz) r=ar+v6%= =6, + 559 (0.240) "
- 3,49 ft[gsec ©

Qg= 1o +2r9 © = ¥ (ag-2v6)

h 55? [3 4 - = (- 4. 47)(o. 249) )= 0.1984 vodfsec
o = tot (3h) = tuu (Fo) = zecs

/e s Note : Center of
3 -6 e ) s QUrvature 15 ot

r g (10,-15) £t




Ques.5 — The four-bladed fan rotates about the fixed axis OB with a constant angular speed N = 1200 rev/min.
Write the vector expression for the velocity v and acceleration a of the tip A of the fan blade for the instant when

its x-y-z coordinates are 0.260, 0.240, and 0.473m, respectively.

¢ +0.240 ) +o0.4734

5. Sol. =, = 0 260
£, == 0 26 |

Uni¥ vecCtor along ©8 I3
n= (o2 +o04 +o. 36—)/\/0.27‘/- 0.4%+0.3%

W :=wn = 1200 (27r) ©.2¢ + 0.9/ +0.34
a GO 0.539

233 (o.2¢ +0.4) +0, 3k) rad/s

U=wxr=233(0.2L+0.4/ +0.3k)x(0.260( +0.290] +0.473k,
= 233(0.//72{ - 0.0/66 /- 0.056 k) m/s

= 2782 -3,87!'~/3.074- m/s

_c_z:g}x_r+ Wx(wXr) = O + WwxV
233(0.2¢L +0.4/ +0.34)x (27.34-3.87/ - 13.07 4)
= - 949¢ + 2520/ — 27304 /g2




Ques.6 A circular disk rotate about a fixed axis with a constant angular velocity @ =10(i+2j+2Kk) rad/sec. At a
certain instant, a point P on its rim has a velocity whose x and y component are 120 in./sec and -80 in./sec,
respectively. Determine the magnitude v of the velocity of P and radial distance R from P to the rotation axis.
Also find the magnitude a of the acceleration of P.

6. Sol. I

w¥=o /0 (c42/42k) (120, - 80 tYk) =0

-—

/1206 -/60 1"27/3' - Z;-‘ 20 /./7/Scc

/ e .
)= )/ /202# 5o # 202: /L5, 6 (n./352

‘[/‘:/?w, R = /45.6 = 4 85 /h.
J0 _

where = /0)// 2%z s /0(3): 30 raisec
_a= (,g'/x__r-r’ Wx(Wirj = O + guxy
s /0L +2) ~2ZK) X (120( - 80) +20k)

= / - .
S /0[200¢L +220," = 320k,

= s . ; 2
a=10 VZoazf 22&2-/ 220 = Jo /90800 = 4370 Yy, sec”

(Or 5/»1,95/ Q. = cin = rwt - 4,5«5'/302) = 4370 /'f?.’.scc“y

Ques.7 The crane has a boom of length OP = 24 m and is revolving about vertical axis at the constant rate of 2

rev/min in the direction shown. Simultaneously, the boom is lowered at the constant rate £ =0.10 rad/s.
Calculate the magnitude of the velocity and acceleration of the end point P of the boom for the instant when it
passes the position £ = 30°.



! B
: | A
% !. |
e
1. Sol. | gp= 24m' /3 =0,/0 rad/s consl, /9:30"
Z r= oOP = (24 Str7 50°)£' + (24 cos 30°) k

| P .
7 =/2¢L +20,78k m
w = —Z-g—zo—z)/: + 0,/0J' = 0.2074( fa./O‘/' _f_g_d

V=wWXL =(0.2094 +0.10)) x (124 + 20.78 4 )
=2.078¢ +2.5/3) ~/2k m™m/s

where U= IV =Y(2018) %+ (2.573)%4 (-1.2) = 3,48 ™

Q= WXI +wr(wxr) = XXF + WXY
K== WXy = 0.20%4 x 0./8f =~ 0.0209, rads*”
X/ =z Xx[= -0.02094 x (124 +2075k) = 0.435) m/s?
XY = (0.2094 X0./g) ) x (2.078¢ +2.5/3/ - 1.2 )
= ~0.696L ~ 0.435/-0, 208k m/s?
Az -06460 +0.870/ <~ 0.2084, mys*?
a=|2| V(0646) H(0.870)%+( 0.208)* = L-/0% m/s*

l& 18




