DACE-IIT : MEDICAL

MUMBAI/DELHI-NCR/PUNE /NASHIK / AKOLA/GOA /JALGOAN/BOKARO / AMRAVATI /DHULE

T -JEE: 2025 TW TEST (ADV) DATE: 17/03/24
TOPIC: SIMPLE HARMONIC MOTION

Answer Key & Solution

1. (B)
Amplitude of the first simple harmonic motion is

2 2
A = (E) + @ =a
2 2
Amplitude of the second motion is

A, =+a?+a% =/2a
A

A1
A, N2
Hence the correct choice is (B).

2. (B)
Assuming the collision lasts for a small interval. We can apply conservation of momentum and get

the common velocity = %

2
KE = E(Zm)(EJ ~ Ly
2 4
This is also the total energy of system as the spring is unstretched at this moment. If the amplitude is

A, total energy = %kA2

3. (D)
% =Asin ¢,

J3

And _TA = Acos ¢,

And ¢, :2?71

CENTERS: MUMBAI/ DELHI/ PUNE / NASHIK / AKOLA/ GOA / JALGAON / BOKARO / AMARAVATI / DHULE n



11rn
So, ¢2 _¢1 = E

4, ©
The angular frequency of the system is

<[] X

The upper block of mass m will not slip over the lower block of mass M if the maximum force on the
upper block f,.. does not exceed the frictional force umg between the two blocks. Now

fmax = mamax = mO)ZAmaX (2)

Where a_ is the maximum acceleration and A, is the maximum amplitude. Using (1) in (2), we

ax

get
_ mkA_
mex (M+m)
For no slipping , f,.,, =pmg
M
r mkA, . _umgorA._ n( +m)g1
(M+m) k

Which is choice (C)

5. (C)

Refer to Figure. The magnitude of the restoring torque= force x perpendicular distance
=mgxAB=mgxRsin0
Since 6 issmall, sin® = 6 here 6 is expressed in radian. The equation of motion of the scale is
d’e
| — =-mgRo6
dt? ?

2
Or d_e :(_m_gRje

Using the values L =1m,g=10ms? and R =0.3m, we get T ==/3 second. Hence the correct
choice is (C)
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6. (AD)
(A) Friction is always opposite relative velocity
(D) Velocity of platform = Vp = dy(t)/dt = (Amcoswmt)j
Velocity of block = Vg = dx(t)/dt = (-Amsinot)i
Velocity of block relative to platform = Vg — Vp = (-Awsinot)i — (Amocosmt)j
Friction on block is in the direction opposite to this vector.

7. (AB.CD)
. 2T
= Asin—t
Y T
y(t :Ij =Asin— :i(C) and (D)
8 2
OI—yzz—nAcosZ—nt
d T T
dy T) 2n T 2t A v
—|t=—=|=—Ac0s—=———==—"X
dt( j T TV2 2
8. (B,C,D)
—1dU(x)

Acceleration a = ——~2
m dx

:_?1><15(2X—2)

=-16(x—-1)m/s*
The particle executes S.H.M.
o’ =16
BN . 3
® 4 2
At x =1m,F(x)=0(i.e) corresponds to equilibrium position
oA=2m/s= A=0.5m
The particle describes oscillatory motion from
X, =0.5mtox, =1.5m

9. (A,D)
The only horizontal force acting on the coin is the force of friction F. Hence the horizontal

acceleration is always in the direction of F and its magnitude is % The magnitude and the direction
of F can thus be obtained from the magnitude and direction of the acceleration.
10. (A0

Total energy = translational K.E.+ rotational K.E.+ P.E. stored in spring

IS PR
2 2 2

2
I e iR |2 4Lk
2 2\ 2 R 2
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11.

12.

13.

:>E=%muz+%kx2 (1)

. . E
Now, the total energy of the system must remain constant, i.e. (jj_t =0

Differentiating Eq. (1) with respect to time t and setting Z—E =0, we have

d—E:0:§m ZUd—U +£k 2xd—Xj
dt 4 dt ) 2 dt

Now acceleration a = do and velocity v = d_x
dt dt
Therefore, gmoa +kox =0

Or o(gma+ kx) =0

Since v = 0, we have

§ma+ kx =0

2

Ora= —(gij =-0°X 2)
3m

Where o = ,/& . Hence T =2m, /&
3m m

The correct choices are (A) and (C)

(AB)
1
Comparing the graph with the relation in velocity and displacement v = [(k/ m)(A2 —x? )} i we get

option (A) and (C) are correct and maximum acceleration of the particle is given by a__, =kA/m
which gives option(B) is also correct.

(B.C)
Bob will oscillate about equilibrium position with amplitude 0 = tan™ (gj for any value of a.

If a << g, motion will be SHM, and then

s, equilibrium
position

Time period will be 2n
a’+g°

(B,C)
(B) Amplitude can be found using v = »?(A2 — x?) since v, w and x are known. ¢ can be found using
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14.

15.

16.

17.

18.

x = Asin(ot + ¢) applied at t=0.
(C) o can be found first using v? = v?A? — w?x? since A is given (maximum speed). Then Vmax =
Ao gives amplitude A. Finally x = Asin(wt + ¢) applied at t=0 gives o.

(AC)
When 3 kg mass is released the amplitude of its oscillations is 2m and at a distance 1m from the

1/2
equilibrium position we can find the speed of it using the relation v = [(k/ m)(A2 —xz)} then by

conservation of momentum we can find the resulting speed of the combined mass and the new
amplitude using the above relation which gives options (A) and (C) are correct.

(AD)

When block is displaced downwards by X, it experiences an upward force of
—(d,Ax—d,Ax)

F=-xA(d, —d,)

This force is proportional to x, and hence block executes SHM. Displacement will be symmetric
about equilibrium position.

(1.20)

2
Given, y=ktz;.'.az%:2k=2x1=2m/s2

V4 14
Thus T. =2x [— and T, =2 . For g =10,
1 @ S (PR R

T _6
T2 5
(1.6)

T:2'ﬁ\/E
K

1% case 2= 21:/ =4 =47 ><— 1)

m-+2

2" case 3=2x :,9 4% x

(2)

Solving (1) & (2)
2:H1—+2:>m:§:1.6kg
4 m 5

(6)
The maximum normal reaction from the floor occurs when block A is at its lower extreme position
because the spring is maximally compressed in this state. At this moment, block A has an
acceleration an? upwards. If the upwards force by spring on block A at this moment be F, then by
Newton’s second law for A,

F — mag = ma(an?)

F = mag + ma(an?)
The same spring force F acts downwards on block B at this moment. Normal from the floor on B acts
upwards and its weight mgeg acts downwards. The acceleration of B is zero. By Newton’s second law
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for B,
F + meg = Nmax Since the acceleration of B is zero

19.  (6)

K.E.= % mo2?A? cos’® wt
3
Here, K.E. ZZT'E'

1 m®’A? cos® ot = 3 x 1 mo’A®
2 4 2

coswtzﬁ
2
=>ol=—
2ry_r_1
2 6 X
= X=6S§
20. (5)

At t, =T /4, itisat mean
Att,=3T/8,itis A2 above mean

Now, amplitude =X, =mg/K = %m
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DACE-IIT : MEDICAL

MUMBAI/DELHI-NCR/PUNE /NASHIK / AKOLA/GOA /JALGOAN/BOKARO / AMRAVATI /DHULE

T -JEE: 2025 TW TEST (ADV) DATE: 17/03/24

TOPIC: VOLUMETRIC ANALYSIS

21.

22,

23.

24,

25.

26.

27.

28.

Answer Key & Solution

(©)

Oxidation state of Cr in CrOs is +6.

(B)

24x0.1x2=16x0.1x (7-X)
X = +4,

hence MnO>

(©)

Let charge on O> group be X.

(+3)+ X+ @4 x0)+(1x0)+(-1)x2=0
Hence, X =-1

O is superoxo.

(D)
3 AszS3 + 10 HNO3 + 4 H20 — 6 HaAsO, + 10NO +9 S

(B)

n-factor for Trona using phenolphthalein = 1

n-factor for Trona using methyl orange = 3

Volume of HCI solution used in the two cases must be in 1:3 ratio.

(A, D)

Let 2A millimoles of XO and A millimoles of X203 be present in the initial sample.
2A X5+ Ax2x4=0.015x 1000 x 6

A=52A=10

(B)

Average oxidation state of S-atoms in S,07% as well as in S,0g” is +6.

(A, C,D)

BaxXeOe — oxidation state of Xe is +8
KAuUCIs — oxidation state of Au is +3
RbsNa[HV1002s] — oxidation state of V is +5
NasP20O7 — oxidation state of P is +5
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29. (A, C,D)
K103, NaOClI and PbO: are reduced by H20O> in their respective reactions.

30. (B,C,D)
O2[PtFs] — (+1/2) K[Co(CO)4] — (-1) NH20H — (-1) (N2Hs)2S04 — (-2)
3. (C)

Step 1: H.C,04 — H20 + CO2 + CO

Step 2: CO + 1205 — CO2 + |2

Step 3: I2 + Na2S,03 — Nal + NaxS406

In Na2S4O0s, average oxidation state of S-atoms is +2.5
In step 3,

n-factor of 12 =2

g.eq. of I reacted = g.eq. of Na2S203

(moles of I reacted) x 2 =0.2x 0.2

Moles of I2 reacted = 0.02

In step 2,

n-factor of 12 =10

Moles of 1205 reacted = Moles of 12 produced = 0.02
g.eq. of CO = g.eq. of 1,05

(moles of CO) x 2=0.02 x 10

Mole of CO=0.1

In step 1,

Moles of H2C>04 reacted = moles of CO produced = 0.1
Mass of H2C>O4reacted =0.1x909g=9g

32. (A C,D)
3 Cu+ 8 HNO3z — 3 Cu(NO3)2 + 2 NO + 4 H,0 (6¢")
n-factor for HNO3; = 6/8 = 0.75

33. (A, B)
n-factor for KMnQ4 =5
n-factor for KoCr207 = 6
n-factor for I (in all reactions) = 2
n-factor for Na2S203 = 1
n-factor for Na2S4Os = 2

34. (A)
Oxidation number of Cl in HOCI is +1.

35. (A, B,C,D)
n-factor for KMnQ4 =5
n-factor for KoCr207 =6
(Moles of KMnQj4 used) x 5 = (Moles of K2Cr,07) x 6
Same mass of H202 will release same mass of Oz in the two reactants.

CENTERS: MUMBAI/ DELHI/ PUNE / NASHIK / AKOLA/ GOA / JALGAON / BOKARO / AMARAVATI / DHULE E



36. 2
(7-4)x2=(4-n)x 3

n=2

37. (2)
15x103x[(5-n)x2]=1.8x103%x5
Hence,n=2

38. 9)

Cl,+206i0 — 2060 +2CIlO;
With 90% yield, moles of CIO2 produced = (5 x 2) x (1/1) x (90/100) =9

39. (5
Moles of electrons lost =0.5x 3 x [6 — (8/3)] =5

40. 2)
6 KI + 8HNO3 —» 6 KNO3 +2NO + 3 I + 4 H,O  (6¢7)
I2 + 2 NaS203 — NapSs06 + 2 Nal - (2¢€)
V1x0.2x(6/8)=V2x03x1
Hence, V1/V2 =2
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