1. Measured with respect to the horizontal, if the angular position of link CB is 6, the angular
position of crank OA4 is 26. Hence,

Wpe = %ww =5rad/s (

Attach a rotating x-y frame to C fixed on link CB with the x-axis along CB. Then
a,=a.+OxXr+ox(@xr)+20xv, +a,
=0ox(Oxr)+20xv, +a,
=5k x (5k x 0.40s30°1) + 10k x v i+ a i (1)
The pin 4 can only slide along the slot on link CB, therefore v, and a_, act along the link CB.
On the other hand, since OA rotates with a constant angular velocity of 10 rad/s,
a,=(a,,), =—-0.2(10)* cos30° —0.2(10)* sin 30°j (2)
It follows from Egs. (1) and (2) that
—20c0s30° — 20sin 30°j = —10¢0s30°i + 10Kk x v i + a,i

Equating i coefficients,

a,, =—-10c0s30° = —8.66 m/s \
As a byproduct, equating j coefficients,
V,q =—258In30° =-1m/s \
B
10 rad/s
(0] C x
200 mm
2. For the square panel,
Y F, =m(ag), = T c0s45° = m(a,), (1)
sz =m(a,), = T cos45° —mg =m(a), 2
b 1
M, =1 = T—=—mb 3
Z G c& \/E 6 mo o (3)

There are four unknowns 7, (a;),, (a;),, and « in three equations. An additional equation is
provided by kinematics. For the two points 4 and G,

as =a,+ag,
Since the panel is stationary when the wire at B breaks, « =0 and v, = 0. Hence,

b , b
a =—ow =0 = ac ,=(as,), =—Fa
( G/A)n \/E Gl4 ( G/A) \/E
2
(a,), :Vf:o = a,=(a,),

As aresult, a;,, is perpendicular to 4G, a, is along AG, and



(ag), =(a,), +(ag 1), =a, COS45°—ia c0S45°

V2
(ag), =(a,), +(ag,), =—a, cos45° — 2 4 cos45°

V2
Add the above two equations to obtain
(a), +(ag), =—v2bacos45° )
Solve Egs. (1) — (4) simultaneously,

T:ng =20.8N
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In addition, (a;), =%g, (ag), = —%g. Since

ag =[(ag): + (ch)i]2 = %g =1.08m/s?
ano--9c 7 g_gigre
aG X
a; has magnitude (5\/5/8)g and makes an angle 6§ =81.87° with the horizontal. Note that
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3. (a) The acceleration of 4m can also be found by Newtonian method. Let 7, be the tension in
the upper string and 7, tension in the lower string. Force balance on each mass gives

dmg —T, = 4mg, 1)

mg + 2T, =T, = mg, (2)

2mg — T, = 2m{, 3)

mg —T, =mg, 4)
There are six unknowns §,, ¢,, ¢,, 4,, T;, and T, in four equations. However,

9. =4, ®)

gs+q,—2¢, =0 (6)

Combine Egs. (1) and (2) to obtain
3mg — 2T, = 4mgG, — mg, = 5Smq,



Combine Egs. (3) and (4) to get
4mg — 3T, = 2m(g, + G,) = —4mg,
Upon solution,

élzég l

(b) Due to motion of the masses 2m and m on the lower pulley, forces on each side of the upper
pulley do not balance even though the total mass on each side is the same. For example, it can be
readily shown that
1
T, -2T, —mg=—m
1 2 4 23 g

Thus the mass 4m has a downward acceleration.

4. (a) Let the rope break in position 6 = a.. Before the rope breaks, the bag travels in a circle of
radius /. In any position § < a,
ZF, =ma, = mg cosf =ma,
= v = gcosé 1)
2
ZFn =ma, = T—mgsinH:mVT 2
There are four variables T, 6, v, and v in two equations. From kinematics and Eqg. (1),
3 v 6
v:ﬁézﬂﬁz‘};ﬁ:gcosﬁ = IvdVZIgCOSQZdH
do do 1 1do 0 0
\%

= > =2glsing (3)

Substitute Eg. (3) into (2),

2glsiné
[

When 6 =a, T =2mg . It follows from Eq. (4) that

2glsina N

T —mgsind =m

(4)

2mg —mgsino =m a=sin_1§=41.81°

(b) Set up a rectangular system at 4. When the rope breaks, the position of the bag is
(x9,¥0) =(/—1cosa,—Isina) = (2.546,—-6.667)



In that position, v =,/2glsina =11.431 and the vertical distance to fall before reaching the level
Cis h—|y,|=h—6.667 = 23.333. Along the y-direction,

y= Vyt—%gt2 = —-23.333= (—11.431005a)t—%gt2

= t=1.479
Along the x-direction, the horizontal distance traveled in time ¢ is

x=v t=11.431sina(1.479) =11.271
Thus the horizontal distance of C from A4 is 11.27 + x, =11.27 + 2.55=13.82m
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5. Let m be the mass of square frame. The moment of inertia about the mass center G is

2
[o—d LMy b)) L
124 42) ] 3

2
JB=IG+mM =2 b2
2 6

(a) After 4 has dropped a distance b, G has dropped a distance /2, and line AB assumes the new
position A'B’. To show that B’ is an instantaneous center of zero velocity, attach an x-y system
to A'. Let 8 be the angle between line 4B and the horizontal. As B — B’, the coordinates of B
are

By the parallel-axis theorem,

(x,») = (v2bc0s0,0)
= (x,7)=(J2bsin66,0) - (0,0)
as ¢ — 0. Between the initial position with 8 = 45° and the final position with § = 0°,

AT +AV, =0
= lIB,a)2 _L §mb2 o’ =mgé
2 2\ 6 2
S 4
5b

= v, :ﬁbwzwf—lzégb l

(b) After A has dropped a distance 2b, G has dropped a distance b, and line 4B assumes the



position A"B . The instantaneous center of zero velocity in this position is C. Between the initial
position with ¢ = 45° and the final position with 6 = -45°,

AT+AVg:0
1 , 1(5 5\ ,
= —1 .o == —mb° |w° =mgb
2'c 2(6 J &
= = 12g
5b
3 _ [12gb
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