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Physics

Paragraph for comprehension 1 to 3

A uniform disc of mass m and radius R is projected horizontally with velocity vq on a rough horizontal
floor so that it starts with a purely sliding motion at t = 0. After ty seconds, it acquires a pure rolling
motion as shown in figure. Assume coefficient of friction to be L.

Vo v

1. Velocity of the centre of mass at time tg

(a) v=V,
(b) V=1V,
3
(c) VZEV
30
(d) V=§V0
2

2. Work done by friction force as a function of time t is
(a) W= %gt 3umgt - 2v,
(b) W :%gt pumgt —2v,

(c) W =pumgt 3umgt -2y,
(d) W =pumgt pmgt-2v,
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3. Total work done by friction over a time t much longer than ty is

2
(a) W= mv,
2
mv,’
(b) W=-
3
2
© W=-"0
6
(d) W=0
Chemistry

Paragraph for comprehension 4 to 6
The decomposition of ethanol vapour at high temperature

CH,CHO , —CH,, +CO _

g

follows the rate law

_d[CH,CHO] _ dCH,
at dt

=k [CH,CHOT*  ..(1)

This is an example of a chain reaction having the following mechanism:

CH,CHO LN H, +CHO (Initiation)

CH,CHO +C H,—* »CH, +CH,CO (Propagation)
CHséOL)é H,+CO (Propagation)
2(.: H, L>C2H6 (Termination)

If we cannot explain a chain reaction in terms of slow step controlling the overall rate, we make
simplifying assumption that rate of formation of particular free radical is equal to its rate of removal and
then we can arrive the result. Now answer the following question

4. Theratelaw is
B d[CHSCHO] _ dCH4
dt dt

=k [CH,CHO]"
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The value of x is
(a) 1 (b) O (c) » (d)3/2

5. Which of the following relationship is correct?

KV
(a) K=K, 1
2K,

KT
(b) K=K,| -
2K,

2K 3/2
() K=K, 4
2K,

(d) K=KK,KK,

6. Which of the following relationship is not correct?
(a) KJCH,CHO]+ K,[CH, C O] = K,[CH,CHO][C H,] +2K,[C H,T
(b) K,[CH,CHOJ[C H,] = K,[CH,CHO] = K,[CH,CHOJ"*

. K
CH,]=| =2
(c) [CH,] [ZK

1/2
] [CH,CHOT"

4

. K
d) [CH,]=| =2
(d) [CH;] (ZK

1/2
] [CH,CHO]

4
Mathematics

Paragraph for comprehension 7 to 9
Let us define two functions
f(x)=ax’+bx+c; a,b,cER&a#0
gx)=dx®>+ex+f; d,e,fER&d%0

If both the equations has imaginary roots and real part of complex roots of both equation f(x) = 0 and
g(x) = 0 are same. If minimum value of f(x) is same as negative of maximum value of g(x) then
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7. Which statement is correct?

(a)
(b)
(c)
(d)

bd = e?
bd = ea
bc = ef

none of these

Ify =f(|x]), then

(a)
(b)
(c)
(d)

Minimum value of y is same as minimum value of f(x)
Minimum value of y is greater than minimum value of f(x)
Minimum value of y is smaller than minimum value of f(x)
(a) and (b) is correct

Ify=1g(Ix])], then

a)
b)
c)
d)

Minimum value of y is same as minimum value of f(x)
Minimum value of y is greater than minimum value of f(x)
Minimum value of y is smaller than minimum value of f(x)
(a) and (b) is correct

SOLUTIONS:

WO NULEWBNR

(c)
(a)
(c)
(d)
(a)
(d)
(b)
(a)
(a)

4
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EXPLANATIONS

Physics

A very good problem covering all concepts of rolling and rotation
This question was asked in IIT JEE 2007.

1. Let us apply conservation of angular momentum. It is clear from FBD that frictional force,
normal force and weight passes through lowest point. Therefore, net torque about lowest point
is zero. Hence, we can apply conservation of angular momentum about lowest point.

N
A

f

o ————
v
mg

Vo vy

— D
t=0 t=t;
t<t,

Initial angular momentum about lowest point at timet=0
L, =my,R D)
Let the v, and o be the velocity and angular velocity respectively at time at t = to, when it starts

pure rolling.
Hence, final angular momentum about lowest point at time t =ty
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L,=myr+lI_ o

2 2
=L = mleJ{m; j(V_F;j (1, = MR &co:v—Rl for pure rolling)

=1L, :gmle ..(2)

Therefore, from conservation of angular momentum about lowest point, we have

L=L,

=V, =—V, -.(3)

There are two ideas.

1% idea:

Between the time t =0 to t = t,, there is forward sliding, so frictional force f is leftwards. For
time t > to, frictional force f will become zero, because now pure rolling has started i.e., there is
no sliding (no relative motion) between the points of contact. Clearly, there is linear retardation
and angular acceleration for time t < to.

2" idea:

We know for work-kinetic energy theorem that

Work done by all forces = change in Kinetic energy

Here, three forces are acting: Frictional force, weight and normal force for time t < t,.

Clearly, work done by weight + normal force = zero. (Why?)

Hence, work done by friction = work done by all forces = change in kinetic energy.

Now, initial kinetic energy at timet=0

1
K, =Emv02 ..4)

Now we have to find out final kinetic energy at time t < t,.
Thus, we have to find out linear velocity and angular velocity at time t < t,.
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Let us find out linear retardation and angular acceleration of frictional force for time t < t,.
FBD of disc at time t < tg is shown.

N
A
Vi
<€ >
f
€
v
mg

Appl yi ng "Nee uftransiatios abait vertical
N=mg
Also, frictional force, f = pN =pumg
App!l yi ng "Nee oftrabstatios abait horizontal
f =ma
= umg = ma
—a=u0 ..(5)
(linear retardation)

~ Linear velocity of the disc at time t < to

v =v—at
E v=vo—pgt ..(6)
Al so, app!l ylawgfrotddtomabontrentse of nass of the disc
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fR=1,«

= umgR = m

== 2H9 (7

(angular acceleration)

*NOTE: Why don’ &RhdreaBecauseywmtionlisnet dure@ollirg for t < ty]

~ Angular velocity of the disc at time t < t,
o=t (-.rinitial angular velocity at time t = 0 is zero)

= 2/19
E =—t (8
@ == (¥

Hence, kinetic energy at time t < tg

2 2
:>K2=%m v, T gt 2+%(m§ j(—zggtj

Hence, work done by friction = change in kinetic energy

W =K, K,
1 .2 1(mR*\(2ug Y| [1_ ,
=>W=|—mv,I t +— ——t| [—|=mv,
{2 ol 49 2(2](Rj 2
:W:m';gt 3ugt—2v, .(10)

3. Fortimet >t frictional force is zero. Hence, work done by friction after time t > tyis zero.
Hence, energy is conserved for t > to.
Therefore, total work done by friction over a time t much longer than t, is total work done upto
time ty (because beyond that work done by friction is zero).
Hence, total work done by friction over a time t much longer than t,

W =m“Tgt° 3ugt, —2v, (11)

But answer is not in terms of t,. What to do?
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Fortimet=0tot=t, (seepartl&?2)
v, =V, at, |

=t, - 3 (using eqgns (3) & (5))

— VO
3ug

=1,

Putting this value in (11), we get

YL
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Chemistry
4,
d|°CH
di"cH, | =K,|CH,CHO]
dt '
- K,[CH,CHO][°CH, ]+ K,|CH.CO"]
2K, |°CH,I’=0 ... (i)
d.|CH,CO"]
dt
= K,[CH,CHO]|°CH, |- K,[CH,CO"]
..... (ii)
from equation (i)
[CH €O = K,|CH,CHO] °CH.]
3
from equation (i)
K,|[CH,CHO|=2K,[°CH,T
- K '1.“2
(°CH,)=| | -(CH,CHO)"
it W
..... (iii)
from the given paragraph
dCH) _ g (cH,CHO)[°CH,)
dt
p; 102
[ K | 32
=K, ] (CH,CHO)
| 2K, |
4
3
X=—
2
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5.
112
K=K,| .Kl ]
| 2K, |
6.
from (jii)
/ 12
{°CH3}=:£] (CH,CHO)"
2K, )

Mathematics

7.
flx)=ax*+bx+c |, ab,ceR, az0

glx)= A +ex+f ,d.e feRd=0
given real part of both equation is equal

. —bEAb*—4a
Let rootof f(x)=0is } ¢
2a
. : —.i1/.2—4¢f‘
rootof g(x)=0is ‘ :f J
'y

(1) [ —e
so real part is equal = |¥|—|,}—{IT
L.
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8.

Minimumvalue of f{x)isgiven f{x) will upward

quadratic & g{x) will be down ward quadratic
& alsogiven real & imaginary part is also equal

- graphof f(x] & g{x)will be

\
/,,

. v=1{¥)
have only none
differentiable point
- from graph - option (a) is correct.

. }3‘ =

gl

.x‘| J|
graph of

gl

)| will be
same as graph of f(|x|]

from graph - option (a) is correct.
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