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WEEKLY TEST TYJ TEST-22B
SOLUTION Date 22-09-2019

[PHYSICS]

The co-ordinates of the comers of the square are (0, 0), (2, 0),
(2, 2), (0, 2). Hence,
_mxp +my xy 4+ m3 X3 + my X4

Xem my + mg + my + my
2x04+3x2+5x2+8x0 16 8
= 2+3+5+8 “1’To™
myy+ myy+ m3y;+ myys

Yom = my + my + my + m

1 2 3 4
_2x0+3x0+5x2+8x2 26 _13
- 2+3+5+8 “1gT9 ™
.. Co-ordinates of the centre of mass = (g , g) .

2
Mass of the disc removed = X x n (5] =M

TERz 2 4
Remaining mass = M — % = 3TM

Let the origin of the co-ordinate system coincide with the centre of
mass of whole disc. Now, we know that;
< mp X+ my xo

: XCM my + np
Xcm will be zero, when
myxy = = mx
xy=—Ty
2= s 1
M
Here, m=, X =§
and my = % (for remaining mass)
M4 R__R
Hence, NMET3MA 276

ie. .% frdm the centre (on LHS).
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3.

Let p be the density of lead.
Then, M = % rtR3p = mass of total sphere
3
m = 4 n (E) p = mass of removed part = M
3 2 8
my =M — % = % = mass of remaining sphere

Choosing the centre of big sphere as the origin,
_ImXxp + nxae

XCM nm + may
- MXB-FMX/\Q
0-8 278
M

Solving, we get; x; = %
i.e., centre of mass of hollowed sphere would be at a distance of
R/14 on left of O,

. o R
i.e.,shift in centre of mass = —

14"

Given that the system is initially at rest,
-
ie, Vem =0

— -
mu + mats =0

m + ma
- —
or myvy+ mavy =0
&, 8
or m—+m — =
VAar T A
or mlAF])'i-mzA?l:O

Now, here in boat-man system if the man moves towards right the
boat moves towards left.
-~ my Arp =ms Ary ...(1)
(" Ary is opposite to Ars)
If Ar; is the displacement of boat relative to shore, then the
displacement of man relative to shore would be (9 — Ar;),
ie, Ary=9-Ar, ...(ii)
From eqn. (i) and (ii),

my(9 — Ary) = my Any

or 100(9 - Ary) = 500 Ary
100 x 9
Ary —W— L5m

i.e.,Boatmoves 1.5 mrelative to shore in the direction opposite to
the displacement of the man.

Given that initially the system is at rest, so

-

Vem =0
Now, as in the motion of dog no external force is applied to the
system, hence -

-
Vem = constant =0
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— —
mu + Mvy
e, m+M 0
or mt + MUy =0 [as (m + M) = finite]
A;; M AF; =0
o mgtMr=
. -
or mAR +MAPR =0 (asA 7 = d = displacement)
- . . -
or md; = Md, =0 (as d; is opposite to dy)
or mdl =Md2 (l)

Now, when dog moves 4 m towards shore relative to boat, the boat
will shift a distance dy relative to shore opposite to the
displacement of dog; so, the displacement of dog relative to shore
(towards shore) will be,

dy=4-d; ...(ii)
(i.e.,dy + dy =dp. =4). )
Putting the value of d5 from eqn. (ii) in eqn. (i),

md|=M(4—d1)
or _Mx4_2{)><4_32
V=m+M S5+20 ™

As initially the dog was 10 m from the shore, so now he will be
(10 - 3.2) = 6.8 m from the shore.

Refer to question 13 Two particles collide at their centre of mass.
.. Distance of CM from P
_0Ix0+03x1

ois03 o m.

Under mutual attraction, the centre of mass remains at rest i.e.,
velocity is zero.

The equation ot motion of the centre of mass is,
M a_C)M = ‘E;xl.
And as there is no external force in horizontal
direction, so the centre of mass of the system
does not change along horizontal direction.
For vertical motion of the centre of mass,
Fog, _ (m +my)g —2T

(acm )y = a O+ ) .1
+
Further, acy =%’:§"2
_m —m
- m + nmp

m - m ?
= (nq + mz) g
However, the equations of motion of two blocks are
myg - T =maa
T —mg=ma
Eliminating a, we get;
2nmy my
ny + my

T=

..(i)

Putting eqn. (ii) in eqn. (i), we get;
() _(m + my)* — 4my L ("ﬂ-mz)zg
M)y = =
” (my + my)? m + my

[Note: It is clear that acceleration of CM is always vertically
downward irrespective of whether my is heavier or my.]
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9.

10.

11.

12.

13.

14.
15.

Rem

. Force F4 on the particle 4 is given by:

myv
Fg=myag=—"
mp X 2v

t

Similarly, Fg =mp ag =

myv _mp X2v
t t

So, my =2mp

Hence, the speed of the centre of mass of the system

_Mmqvq + mpug _2mpv—mp X 2v=0‘

Ve =
M my + mg 2mpg + mp

Now,

(,‘,

(@)
... (ii)

Fy =Fp)

Here, the centre of mass of the system remains unchanged when the

mass m moved a distance L cos 0, let the mass (m + M) moves a

distance x in the backward direction.
(M + m)x —mL cos0 =0
x =(mL cos®)/(m+ M).

C12x0+16x112x107"°
- 12+16

=16 112107 m=064x10""m.

28

m1=10kg, m2=2kg

W=2i-7]+3%k
% =—107 + 35— 3k

— -
= mu + mp vy

my + my
1027 = 7] + 3k) + 2(=10i + 35 = 3k) _
= 10+ 2
_ma + myap
B my + nmp

mo=my=m
aq=0;, a=a

—ma_a
WM =5~ 2
_3m-m &

q=— = —
3m+m g 2
Acceleration of centre of mass

g mg
3:m><7—T g

3m+m 4
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