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Total time: 20 min

Multiple choice questions (one or more options may correct)
Physics

1.

A solid sphere of radius R is floating in a liquid of density p with half of its volume submerged. If
the sphere is slightly pushed and released, it starts performing simple harmonic motion. The
frequency of these oscillations is

1 1 /2 1 3 1
(a) —ﬂ/g (b) — <2 © — |2 @ =2
27 \ R 27 V3R 27 V2R 7 \R

The pulley mass system is as shown in the figure. Mass M is a uniform cylinder (M > m). String is
inextensible and there is no friction. ps and p, are the densities of cylinder and liquid
respectively. Length of the cylinder is L. The system is released at the position when cylinder just
touches the water surface. Then,

(a) the acceleration of the cylinder as a function of length of cylinder x inside the liquid is

(M _MAXJ
Lo,

M+m
(b) the acceleration of the cylinder as a function of length of cylinder x inside the liquid is

(M —Mp'x—m]
Lo,

g

g
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2 M p L2
(c) the velocity of the cylinder when it just immersed is g g| ML- e LS
M +m 2,

2 M p,L?
(d) the velocity of the cylinder when it just immersed is g g| ML Y LI mL
M +m 2p,

Chemistry

3. To asolution of 20 ml of 0.1 M acetic acid, a solution of 0.1 M NaOH is added from burette. If r is

salt
the ratio of [[ d]] , at what rate is the pH changing with respect to r when 5 ml of the alkali
acl
have been added?
(@) 3 (b) . (c) 5 (d) £
a - ) —— —_—
3 2.303 3

3.25 g of a saturated, tribasic carboxylic acid required 68.4 mL of a 0.750 M NaOH solution to
reach the equivalence point. Then, molecular formula of acid is
(a) C4HsO6 (b) CsHeOs (c) CeHsOs (d) C7H1006

Mathematics
Consider a G. P. a +ar + ar’ + ..., where a is the value of x for which the value of x for which the
function 7 + 2x loge 25 — 5 * "' = 5 27" has the greatest value and r is the limit
e thdt
I -‘. x? tan(rz + X)
0

Then,
(a) x=2 (b) a=2 (c) r=1/3 (d) sum of the terms of G. P. is 1/3

Consider a real valued function f(x) satisfying
2f(xy) = (f(x))Y + (f(y))* V x,y €Rand f(1) = p where p #1 then

(@) f(x)=p
(b) f(x)=p”*
(c) > f(r)=np
r=1
n pn+1_1
(d) f(r)=
211 (r) o 1
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SOLUTION:

Physics

1. (c)

Half of the volume of sphere is submerged.

At equilibrium

weight = upthrust

From Archimedes principle,

upthrust = weight of displaced liquid = ( % volume of solid) (density of liquid) g
= upthrust =% Vpg Upthrust

Therefore, at equilibrium

weight = upthrust

----- Equilibrium position

= Vpsg=7%Vpg

(where p, = density of solid)

= ps=lp (1) Weight

When slightly pushed downwards by x, weight will remain as it while upthrust in the upward direction
will increase. The increased upthrust will become the net restoring force (upwards).

F = — (extra upthrust)

= ma= —(extra volume immersed) (p)(g)
= [(Volume of solid) (density of solid)] a = — (extra volume immersed) (p)(g)
= V psa=—(extra volume immersed) pg Extra upthrust
= V(% p)a =-(extra volume immersed) pg (using 1).
4

2 % §7ZR3 p a = —(extra volume immersed) pg

2 _, .
= §7Z'R a = —(extra volume immersed) g (2)

3 www.vidyadrishti.com An educational portal for future IITians



. . . f .
vl‘d‘;’“’p{lsy{"{tl -‘\ ‘ Founded by IIT Kharagpur Students [ ﬁaT g@‘m

’

DAILY TEST SERIES FOR IIT-JEE 2009 FROM VIDYA DRISHTI

17.03.2009

Now there is a small concept to find out extra volume immersed.

Basic idea is that the sphere is pushed down slightly, therefore, we can consider this displaced part of
the sphere as a cylinder of radius R and length x (because we can neglect variation in radius for a very
small distance x). Hence,

Extra volume immersed = nRx

Therefore, from (2), we have,

2
—7R% = — R pg
3
2 a= - 3—9 X
2R
2 a=— o X

where @ = 3—9
\IZR

Thus, motion is SHM.

Hence, frequency

@
fz—
27
o o L [39
27 V2R
2. (b), (d)

Let us consider tension in the string be T and buoyant force on the cylinder be B.
From Archimedes principle, buoyant force
B = weight of displaced liquid

B = (volume of displaced liquid)(density of displaced liquid) g

B = (volume of cylinder immersed in the liquid)(density of displaced liquid) g

B = [(mass of cylinder immersed in the liquid)/(density of cylinder)](density of displaced liquid) g

B = [{(mass per unit length)x(length inside the liquid)}]/ (density of cylinder)](density of displaced liquid) g

B = [{(M/LUx(x)}/( ps) (ps) &

4 33338
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FBD of cylinder

Mg—-T—-B=Ma

> Mg-T- (%ﬂJ gX =Ma ..(1)

S

FBD of m
T-mg=ma ..(2)
Adding (1) and (2) we get,

(M —%ﬂx—mqumn\ﬂ)a

S

(M —Mp'x—mJg

= a= L/ (1) (Ans)

m+M

Again, we know that

dv
a=v—
dx

= vdv=adx
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= vdv= g M—Mﬂx—m dx
m+M L o

Integrating both sides we get,

We have to find out the value of constant c. What to do? Do we have some condition?

Yes! At x =0, v = 0 (because, the cylinder is released at the position when it just touches the water

surface). Therefore, from (2),

C=0

Therefore,
2 2

v, g Mx—MﬂX——mx .(3)
2 m+M L p 2

Hence, velocity of the cylinder when it just immersed in water = \/

Chemistry
3.(c)
I 5 1
When 5 mL of alkali has been added, then @= — = —,
[acid] 15 3

M +m

2
Q(ML_M_mL]
2p,
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Now, pH = pK, + log r

Inr
2.303

= pH=pK; +

dr 2303 r 2303

4. (d)
Equivalent weight of acid = 325x1000 =63.35
68.4x0.75
= Molar mass = 190
Formula of acid = C,H,,_1 (COOH);
= 14n-1+135=190
= n=4

Therefore, molecular formula = C;H1,0¢

Mathematics

5. (a), (b), (c)

Letf(x)=7+2xlog.25-5*"1-5%7*

= f(x)=7+2xlo 25_2_@
Be 5 5

5
=2 f(x)=4log.5- E log.5—-25.5""log. 5

= f(x)= log,5

[20 - 5%+ 125.57%] (1)

= f(x)=

Ioge5 X X
e (57-25) (574 5)

For maximum or minimum f' (x) =0

- (5%=25)(5*+5)=0
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= 5%=25 or 5*=-5(not possible)
= x=2

log.5 ] x
Also f” (x) = T[O—S log. 5—125.5 "log. 5] <0 atx=2.

Therefore, f(x) is maximum at x = 2.

Therefore, a = 2.

e thdt : x? X 1
Also, lim | ——— = lim—; = lim ==
-0 Sx“tan(z +x) *03x“tan(zr+x) *03tanx 3

1
Thus, r= —
3

2
Therefore the G. P.is 2 + g +§ + ...

6. (b), (d)

2f(xy) = (f(x))’ + (f(y))”
Putting y =1, we have
2f(x) = f(x) + (f(1))*

= f(x)=p* (because f(1) = p)

n 7 r , 5 . pn+1_1
...Zf(r):Zp =p+p +p+..+p" =

r=1 r=1 p_l
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