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17(a) EFEHEELE
By similar triangles, distance from center of small disk to O is /.
a
tanf = —
an ]
a1
V24a 24
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17(b) | FEHERLE
Let R, be the radius of the circles traversed by small disc.
Rl = l2 + az
=\/(\/ﬁa)2 +a?2=5a
Let ¢ be the time taken by the small disc to complete 1 revolution.
In this time, distance travelled by the disc = circumference of the disc = 2ra.
Let 6’ be the angle traversed by small disc in the circular trajectory in time z.
, _arclength
radius of circle
_ 2ma _ 2m
5 5
OR
Let R, be the radius of the circles traversed by large disc.
R, =J@2D? + (2a)? = 2\/(@ a) +a2=10a
Let ¢ be the time taken by the large disc to complete 1 revolution. In this time, distance travelled
by the disc = circumference of the disc = 4ma.
Let 6’ be the angle traversed by small disc in the circular trajectory in time z.
0 — arc length
~ radius of circle
_ 4ma  2m
10a 5
Angular speed along z-axis in time #:
! 9’
w = ? /7
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17(c)

EFEHEELE
Angular speed of the center of mass is the same:
!

w =—=

5

Magnitude of angular momentum of the center of mass of the assembly about point O.

Lcom,o =Tcom XMVcoum

Tcom = position vector from point O to COM

Im+ (2D)4m
Tcom = ¢

5m

As the assembly is rotating about z-axis, the center of mass of the assembly traverses a circle of
radius R.

R = 1rcom cOsO

9124
5 5

The linear velocity of the center of mass
VCOM = Rw'

B 9124 w

5 55

Therefore, the magnitude of the angular momentum of the COM of the assembly about point O is
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18(a)

FEHEELR

By momentum conservation
mv + MV =mu+ MU

mv—u)=MU-V)

By energy conservation
! 2+1MV2-—1 2+1MU2
ST+ o =5mut + 2
mv? —mu? = MU? — MV?
mv—-—ww+uw)=MU-V){U+V)
Since the trivial unphysical solution v = u, V = U is to be rejected, hence
v+u=U+V
V=v+u-U
m(v—u)zM(U—(v+u—U))
m-—M N 2M U
m+Mu m+ M
A L
_m+Mu m+ M “
_2m m—
_m+Mu m+M
_m-M N 2M U
1]_m+Mu m+ M
2m m-—M

V:m+Mu_m+M
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18(b)
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18(c)

BEHFELE
We have
Energy conservation:
mv2 + MV2 = m(—vp41)? + MV2, |

(V) + (VM) = (VA(—vms1)) + (VlViss)’

Momentum conservation:
mv, + MV, = m(=vpyq) + MVpyq

‘/ﬁ(‘/mvn) + \/M(\/MI/TL) = ‘/m(‘/m(_vrwl)) + m(mvrwl)

By energy conservation, for all #, (\/M V. \/ﬁvn) must lie on a circle with radius —vVMU
centered at the origin.
By momentum conservation,

g _ \/MVn+1 B \/MV;L
2 Mvn - ‘/m(_vn+1)

tan

_[m
M
Ztan%
tan@ = 9
_ 29
1 —tan >
2 m/M _ 2VMm

" 1-m/M M-m

(mVn+1' \/avrwl) 4 \/EU
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(mVn+1' _\/mvrwl)

It can be seen that for consecutive collisions between the two blocks, the angular position
increases by @, and is n@ just before the n™ collision . Hence

<\/ﬁvn> _ (—\/MU sin nH)
VMY, VMU cosnf
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/M i < 1 2\/Mm>
v, = — |[—Usin|(ntan
m M-m

2VvMm
V,, = U cos <n tan~! i )

—-m

(BHE mMF0 URIFRIER)

18(d)

FEHEEIAL R

Solve I, = v,

’M
—cosnf = |—sinnd
m

2VMm
M—-m

tan@ =

For M > m, the inequality can be satisfied for the first time when nf =« , i.e.,
n~m/0

N =2n
~21/0

However,
0 ~ tan@

Hence

AMAZAIRIER = «
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