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01. u

@*@ =>v2=%(1+e)
@@ ﬁv1=%(1—e)

—>
[ =AMV for the system

0=m(; —uw) + m(v, —0)

U1+v2:u 4(:>

v, — v, =e(u—0)

n-v,=eu—

_)vl_)vz _)vg_)vg

-V & O

For system A :=» 1 = Amv

0= m(vg - vl) + m(vg - 172)

v1+v;,

u
2
ForA I = Amv - e

I =m(vs —vy)

—>

OR for partical B «

I = m(—v3 — (—vz))

V3

mue
2

—> us3

2



=m(%—%(1—e))

mue
2

Q2

45°

I

For motion upto B
AT v =u+at forB Tv =u+at

0 = usin45° - gt 0 =v cos60° -gt

usin45° v cos 60°
t = t =
g g

By equating t

u sin 45° _vcos 60°
s

u _ 3v

V2 2

u _V3v

v V2

wv =V3 2
a;+a =a
U cos45°usin45° v c0s 60°.vsin 60°
+ = a
g g

2 32
u_ +\/_'V = a
29 4g

2u? +V3v? = 4ag

2
2u? +\/§§u2 = 4ag



6u? +2v/3 u2=12ag

u2 = 6ag _2V3 ag
T (3+V3) V3 +1

23 ag
V3+1
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x+2y+z=1
X+2y+z2=0

o | (x+2) .
y 2

For P ¥ mgsinx —T = mx —@
For Q « T=—-mz —®
For Rl M—2T =My () I
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R <— | ——> P
Mg
P—R=MXxO0
P=R

Pu = 3H = Ru = 3H

R = 3H > Ru =3H

O
u

P
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sinf = —
30

P —R+Mgsind =M X0

1 3H M
P, =R-—Mgx—==>—--2
30 u 30

P,V = 3H @

Gr-5)v=sm

00,

3H x 30u

Ve D st
90H — Mgu
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mg

m
TF=ma
T T cos6 =mg

T
T_ﬁ

06. A

~ 0C // OD(~ point O is common)

~ 0,C and D Collinear.

- F =ma
R + T sinf = m. aw?

R ~ 2mg 1
=Mmaw: — =
\,5 2

V3aw?-g)

_ . 2XO0A +1x0B

ob = 2+1 ( )
. 2(i+)) 4;1(4g+i‘)
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0D = =
3

=)
S|
I
[\
|~
+
| ~~.



7)

L \\\\\\\\\\\\\\\\\\\\\\\\\

F

5 P

sin @ cos @
5=Wsin#f

P=Wcos@

By considering the equibbrium

=W
S=Wsingd
a
P=Wcosf
:



mg

P &0 — pRcosO+ T sinf —mgsinf =0

Qlmg—-T=0 @

T =mg
P TRcos6 +Tcos@ + puRsind —Mg =0 @
Q) =+ P(A/B) =P(B/C) =0

P(ANB) = @ and P(BNC) = 0

A, B mutually exclusive and B, C mutually exclusive.

ANBNC=(ANC)NB =0

PANBNC)=0

- P(A/C) = P(A) = P(ANC) = P (A).P(C) = 3k?
P(AUBUC)= P(A)+P(B)+P(C)-P(ANB)-P(BNC)-P(ANC)+P(ANBNC)

=3k +2k+k-0-0-3k*+0

11

= 6k - 3k?
12
~ 36k*-72k + 11 =0

(6k-1) (6k-11) = 0

c6k—11#0, k ==
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X -2
f 4
fx -8
fx? 16
> - Xfx _ _ 6 _
X T3 T T T
2. _ Xfx* -2 _ 22
ax_Zf AT

Let y = 2000 — 4x

Then' y = 2000 — 4x
=2002.4

0%y = 4%0%x = 16 X 1.84

oy =+ V1.84

-1 0 1
1 3 1
-1 0 1
1 0 1
-0.6

— 036 = 1.84 -

2000 + 2.4



Q.11(a)

t; t; p

(ii) For the motion of small stone

v
tana=/1g=t—=>v:)lgt1

1
H = Etlv

1v

1

H==-—v =v=,/21gh e

2g

(iii) Height attained by particle small

H 12 t h t g
vi, where
2 g t, 2

AN\

A

t

Motion of second stone



(iv) Time taken to collide is equal to t

%(2v+2v).t=h

Question 11 (b)

UA,E:YU Vp 4= |N\ Vo 4=

v = 3v Vg, =V =eeeemmeees (5)

A Vpg =VUpat+ Vyp
Jv=N+ vl - (5)
vQ'E = vQ’A + vA,E
v=7 v e (5)

OAB for the motions of A and P

OAC for the motions of A and Q

Let UP,A == vl

UQ,A == Uz

(v + vycosa)? + (vysina)? = (3v)?

1,2 + 2vv,cosa+v? = Qp? cmmmmmmmeeeee- (5)
v,% + 2vv,cosa+vicos?a+visin?a = 9v?
(v1 + veosa)? = 9v? — v2sin’a




v; + vcosa = vV9 — sin?a --------------- (5)
v, = v(V9 — sina - cosa)
vp 4 = (V9 — sinZa - cosa) -------------- (5)

(v — vycosa)? + v,ysin*a = v?

v? + 1,2 — 2vv,cosa = v?

(v, — veosa)? + v2sin*a = v?

v, = v{V1 — sin?a + cosa}

Vo = v{V1 — sina + cosa} --------- (5)

Vo4 = 2vVC0SQ

B PP!
cosa = —
PP! = 24cosa ------------ (5)
_ Distance travelled by P relatedto A
Time taken =

Up,A
24cosa

= )

- v{V9—sinZa -cosa} -

Distance travelled by Q at this time = vp 4 X t
24cosa

v{V9—sinZa -cosa}

= 2vcosa X

48cos?a

B \/{\/ 9—sin2a -cosa}
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YT, | =
A T.’. LZ
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Yy me

x,+x, =1

f1+£2=0

ytztk=1
y+i=

ayg =¢ ¥

F =ma

For P ¢ 2mg sin2 « —T; = 2m(%; + y cos x)

agg =L Z

©)
For Q; N mgcosx — T, =m(x,) @

ForR; l mg — T, =m(2)

For the system PandQ

T, — 6mg sin <= 2m(—y — ¥;cos ) = 3m(y) + m(—y) @

For Rl.s=ut+§atZ
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vi = 2gasin
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9]0 0]C)

=1 =Amv

0 =(m + im)v, — mv,
_J%s
V2 =+ @

%(m +im)vi = i (m+ Am)u? + (m + Am)gla — acosB)

r
ﬁ%:%-&-ga(l—cosﬁ)

uw? = (Tzf:? —2ga(1—cos8)=2ga

1
T + cosf 1)

whenu=0, 6=

1 —
m+00€“ 1=0

1 .
X=1-
oos 0= 1w @ \F=ma
when oc<§

cosa > cos~ R—(m+ Am)gsinx= (m+1m)-'§ @
3

RO e R=m(1+ g sinT

1 (1+A)1>2 g 3

1 1 o ﬁ_ 3

(1+A)3<3 R-\Emgxz —\sz"g @

(1+1)2>2-=

1421+ >2

Wi+2)>1 <:>

A=2-1
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When the particle at A

T3mg—mg—T=0

15

A =6mg

mi

When the partical lies between at B

T —-mg-T

mi

Sl)
2

6mg(x—31)
3
At center X =0 o x

30




After Collision | [ = Amv

O=m(+v—2\/a)+m(v—0)
e

When the partical lies between B&D

10

T f=ma
T —2mg = 2my
—6mg;3ll_y) —2mg = 2my

y=-30-2D o

At the center y = 0 y = 21

AtB;t=0,y =31,y =./gl

y =2l + acoswt + fsinwt



y = —aw sin wt + fw cos wt
—J/gl = po ‘ﬂ'»

y = —aw? cos wt — w?sinwt ‘
= —w?(y — 2D ‘
o= b
‘@ 20

At the end of the amplitude y = 0

tanwt:—l o wt=%ﬂ
= 20+ los T _ 1sin T
y— coS 4 Sin 4 e

l l
T V2 2
=2l — - amplitude = /21

25




14. 14.]
60
O
0 D A AWBi+))
m-ﬁ:(ﬁi"‘]_’)-(‘li"‘ﬁ[) a? + B2 = 102
2

— sy ——s 2 —
|04||0B| cos 60° =v3a + 8 a?+(10 - V3a) =100

a? + 100 + 3a2 — 20v/3a = 100

V3 +12 ><10x— V3+8
4a? —20V3a =0

10 =v3a +p
a(a—5\/§)=0
5j

0B = 5v3i —

0C:CB =1:1
0C=—- 0B=—=(5V3i-5))

A+1 /1+1

AC =40 +0C
Vi 5j_
T—?——\/_l (/1+1)(5\/_l )

Vi 55 . 5 .
2 ~ A+1=

Comparing Coefficients of : LJj




A+1 2
2 + 10 =1
A+1
10
A+1
10=31+3
-7
_ 5__,__5
- —_——_—= -1 —
! 2 1+ 1
. 10
B A+1
0 _,
A+1
10=31+3

OC:CB =1:

Wl 3

0C:CB =3:7

BD = B0 + 0D

1,
= ~5V3i+5] +5 04
1
= —5V3i+ 5]+ (V3i+))

1
= E(—1o\/§g +10j +V3i + )

T A |
) 2




wﬁ AO +0¢C

,T=10< V3i— ]_'+%(5\/§£—5]_’)>

< ]+— 5\/_1 ))
( %5\/_1—5])>

st

AE

D C

2P 3v3

~ c
30°
30° B
A
B = —3v3P x AB Sin30 + 2P X AB Sin 60 °
1 V3 V3P

B™ = —3+/3P ><§><A3+ 2P><7><AB = —TXAB
B =Q><AB £ 0

=~ the sys from in not equilibrium Value of 4, u



A~ =0

AP X AB =0
P+0AB#0 1=0

D~ =0
_ 4P XDBSin 60 +3v3 P XAD Sin 30° =0 @
uxosx§=3\/§xADx§;AD¢o
p =3
D C D
3V3P
2P aP
AP
302
30° 5
A up B A
C+v=3PxACsin30— 2P X ACsin30 = aP x AC sin 30
3 Z_a
2 2 2

a = 1if the line of action of new resultant ... ... ... ... e e ...

=)

aP G=0




15 a) a
a
Y, ) D
Cc
B D
a
C Xc 3w
AO
- ¢ 4w n—X 4 n
.acos = Xc.4acos
Rc:,’XCZ‘H/C2 X, =W
— 2 4 252
e+ Zwe " ‘
= w2z +Ew2 YC.20Lcosz=XC.2(7LcosE+3W.acosE
- 4 4 4 4
Y, —5W
)

BC



B\[\

I s s s
T. aCosZ =2W. aCosZ + Xc. ZaCOSZ + Y. ZaCOSZ

& T =2W +2W + 5W

Yg.4aC 7T+2W3C 7T+3W n—T3 i
B.aos4 .aos4 acos4— .acos4

4Yy + 6W + 3W = 3T = 3(9W)

9

oo YB = EW

BC

w ‘

=§W ‘

A Ry.2a + (3W + W)acos = 2W.a + (W + W) (2a+acos§) -------------- (10)
5
RZ = EW """"""" (5)
I Ry + R, = 8W

Only the rod EF,




< E F,. 2acos% +W. acosg =R, Zacosg .............. (10)

2
FZ = EW """""""" (5)
I Ry=Ye+W
Y =W oo (5)
2
— XE = FZ == EW ------------------- (5)
Entire system
' 2
FL=F= EW ------------------ (5)

Only the rod DE

< D T. acos% +W. acosg =Y. 2acos§ + Xg. 2acosg -----------

-3

T = 2v/3W
E
Xg
For the equilibrium at A
F; < pRy
2 W< 11W
— S #_
\3 2
4 (
11V3 Su (5)

For the equilibrium at F

F, < uR,



Even though the point A is in equilibrium, the point F is not in equilibrium.



b)

Lets take AB = BC = AC = a
CD = 2a

By considering the entire system,

< A P. acos% =nWa+w (Za + %) (10)

= (p)w

® ®

600 30°




Rod Tension Thrust
AB (D) Werere(545)
2

BC H(HW-romee (5+5)

CD V3W -—---—-(5+5)

BD 2W
(DB)cos s = (1)(2) 2)3) = (HB3)cosz (3)(4)cos T = nW + W
(DB) =2w = V3w @@ = Z(m+ W

() = (2)3) + (3)(4)COS§

n+1)
4)(5) =V3W + w
4)(5) 7
If the maximum possible tension for the rod BC is 10V3W,
Then 2(7\21) A (1Y) /A — (10)



16.

(a)(1) Y

v

X
By the definition of center of mass.
T Zrc0se 2r2aep
X = 3 T o =
AN O
2 %Mrz %rf:‘“cose dé se: ET [sin® ::
smr? [, d6 3 [6)% @
_ 21‘ [sinx=sin(-x)] _ 2 - 2sin __ 2rsinx
E [x—(-)] =g | e =

The center of mass of uniform secter lies on its symmetrical axis at a distance

T2 from 0.

®

25




(a) ()

-

— dx =

=

=1

h
- fn Imxtantdxsectp x ® 2ntan E-Isacﬂip_r;lxz
X =-5 = h

Iﬂ Inxtan=dxsec®p @ Intansecp .rn x

4O,
o

The center of mass of uniform hollow cone lies on its symmetrical axis at a distance

2h
5 formO. @
25
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Object Mass x
ma* Ha
12 3x
° O,
2 2
a‘p Za
’ ®
a*(Tf—1)p
® )
ma® ga 3 2 4a 2a
2z Psg 2 P38 _ 35 _ _4a
Tla-1 a(m-2)

X= az(;/z_l)

about ox

Centre of gravity of the object is on the ox symmetric axis asit is symmetric

®




2a
c === %
o V2a B
Object Mass i 7
2Ta Za
3(n-2) -2
M
5M VTa 0
]
oM i 5
- _ Mx2yia ¥z = _ MivIa
eMT = T +5M X rals 6My =
— _ HEassTa(n—2) __ +Za
= 18 —2) T an-3
__ 245(=-2) 2Ta
18 (m-2)
_ (Bm=2)4Ta
(-3

40




x

tanf = s

a(sx—avza
18(x-2)

=
V2052

(sm-8W2a

= 2[9vza(n-2)-v2a]
sm-8
2[9(r—2)-1]
sm—8
2[om—19]

()

20




Part B (CM2)

17.

(a) P(B)=3, P(Bu(C)=0.37and P(C)=0.2

()  P(AUB) = P(A) + P(B) — P(A)P(B)
(+~ A and B are independent)

0.37 = P(4) + 0.3 — P(4).0.3

0.07 =P(4) x0.7=P(A) =0.1

i) PB4y = 2E04)

P(A")
P(BPNnA)=P(BUA) =1—-P(BUA)

=1-0.37 =0.63

P(A)=1-P(A)=1-0.1=09

' ' 0.63

(iii) P(AA'NnB'nC)=PA)P(B")P(C)
=09%x0.7x0.2

= 0.126

(ivy LetX= (AnB'NnCHYUPMA'NBNC"YU(A'NnB'NnC)
~PX)=PMANB'NnC")Y+PANBNC)+PANB'NnC)
= P(A) P(B") P(C")+ P(A") P(B)u (C") + P(A")P(B"HP(C)
=01x%x07%x08+09x%x03x0.8+09x0.7x0.2

= 0.398

P(ANX)
P(X)

__ P(anB'nc’)
P

0.1x0.7x0.8
0.398
28

_E

= P(A/X) =




(b)

Distance X; ) = X 1—045 f fy fy?
0-10 05 —4 10 —40 160
10-20 15 -3 19 —57 171
20-30 25 -2 43 —86 172
30-40 35 -1 25 -25 25
40 - 50 45 0 8 0 0
50 -60 55 1 6 6 6
60— 70 65 2 5 10 20
70-80 75 3 3 9 27
80-90 85 4 1 4 16

120 -179 597

-

: %=10y +45
Hency=z§=%709=—1.49

# % =10(—1.49) + 45 = 30.08

2 _nyg_—z

9=y

= — (597 — 120 x 2.22)
120

y

= — (597 — 266.40) = 2.76
120

ox? = 10%0y% = 100 x 2.76 = 276




s ox = 16.61

11. Number transfixed = 15

.. The new distribution has only 15¢ ... ... ... ... ...

120 — 15 = 105
15E s et e e e e . [10,20]

v Q= % X 105" position = 26.25" position

3 (26.25-10) ‘
=10 + —/—Xx10 @
— 10 +8.55 = 18.55

3
3" Quater Q3 = 2 (105)t" position

= 78.75" position
The requared. ... ... ... ... ... ....is [30,40]

0, =30 + (76.7255—72) % 10

=30+ 2.7 = 32.7
«» IQR = 32.7 — 18.55 = 14.15

18.55

65

e e e a tOtal number

17.3

Ql Q2 Q3

=~ The distribution is approximately Symmetric.
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