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1. (a) | ReactionR is perpendicular to the wire, since the wire is smooth.
HenceR.d = 0. Bl Q)
0) | AB=@—j+2k)—(+j—FK)=2-7 +5k M1
Work energy: [2+ 3 + (x — 4.9K].(2i — 3 + 5k) = 1 x 0.5(4# - 2) M1 A1 Al
4-6+5k-4.9)=3=>x=5.9 Al (6)
()
2 MI of rod aboutO is < m(2a)? + ma® = Z ma? Bl
O+ Moment ofmomentum:
a; 3mv x x = (£ ma? + mx) w M1 Al A1l ft
\J
X = 2V M1
v 7 a2
- = 3mx x X = (£ ma? + md) w
P
= Ix2=1a2 = x= a2 M1 Al (7
3. Auxiliary equationn?+ 4m+3=0= m=-1or-3 M1
=r=Ae'+Be™ Al
t=0,f =2=>A+B=2
t=0,r =2 =>-A-3B=2 ML AL
Solving:-2B =2 + 2
=B=—(i+])
A=@3+)) MI1AL
r=(@+j)et - +je®
t=n2=>e'=1, e¥=1 B1
r=3@+)-g(+N)=%1+3] M1 Al (10)
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4. @ |[F=Q+3k)+((+4k)=i+2 +7k M1
|E| =(1 + 4 + 49) =54 N M1 Al (3)
(b) | F actsthrough point with p.w
X 1 1 0 0 1
=>|y|x|2/=|0[x|2|+]2]|x|0 M1
z 7 1 3 0 4
7y -2z -2 8 6
z-7x |=|-3|+| 0],=|-3 Al Al Al
2X—-y 2 -2 0
SON—2=6,2—X= -3, X-y=0
>y=X = egx=0,y=0,z=-3 M1 Al
Hence equation of line of action Bfis
0 1
r=| 0|+A1|2 M1 Al (8)
-3 7
(11)
S. — v (Timest) ———> v+ Sv —> v+ c
(m+3m)(v+ov) + (dm)(v+c)—mv=0 M1A2,1,0
= mdv—-cdm=0 reducing equatiof M1
2v m
j dv = cj am separating variables M1
\% v M
2v m
[v } = c{ In m} integration| M1 Al
\Y% M
—iv=clin (mj applying limits | M1
° M
—m= Me ™ eliminating In andn= | M1
. Fuel used M —m = M(1— e*) M1 Al (11)
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6. (a MI of element = Zprdr x r? M1
m= zpa’
= 2_r2n rédr M1
a 0
= 2_m ﬁ ) = 1ma? Al (3)
a’| 4|, 2
a 2 3a 2
(b) |1 = lrod + ldisc = % ><3m><a2,+% XM(EJ +4m(7j Bl, M1
rnaZ
= 4ma? + + 9ma?
= Z'ma’ Al (3)
b o s , 3a .
©) Zma® @ =-3mg x asin @ - 4mg x ?sme M1A2,1,0
=-9mga sin @
g = 29 sin@
3a
Small oscillations= sin 8 ~ @ M1
o 29 L
= 68 =——=0which is SHM Al
3a
3a
T=27r [— Al
ﬂ,/zg (6)

(12)
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7. (@) | Ml of sphere about = 2ma® +ma?= £ ma? B1
Energy:lx—ma2 ><@—1><Zma\2 x w?=mga(l—coso) M1A2,1,0
2 7a 2 5
7, 8
= —aw*“= —g +gcoséd
107 " 109 77
2_ 9 _ 29
w°=—=—"(8+10cos¥) = —(4 +5cosd) Al (5)
7a 7a
T L, . . 5g .
(b) gma 6 =-mgasingd = 6 = —7—sm¢9 M1 Al (2)
a
[or 2wa = _109 sinfxw = o= —5—gsin6’]
7a 7a
(©) 6 =0 whencosf= -4 B1
X ~ Y-mgcosf =mad? M1
Y\f aod _ 4
j 6 =0 cosf=-% = Y= -9 M1 Al
i 5
0 ..
X—mg sind=mad M1
0 =0andco® = -£ =sing =3 M1
. 3g
mg =0 = —7—a
- x= Mg _3mg_omg Al
5 7 35
Magnitude of force =/(X?+Y?) M1
1
g E 2+ ﬂ 27>
35 5
~0.818mg Al (10)
(17)
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