KEAM 2024 June 7 Question Paper with Solutions

| Time Allowed :3 Hours | Maximum Marks :600 | Total Questions :150 |

General Instructions

1. The KEAM 2024 (Engineering - AN Session) examination will be conducted
in Offline (Pen and Paper-Based) mode by the Commissioner for Entrance
Examinations (CEE), Kerala.

Each paper consists of 150 multiple-choice questions (MCQs).
Each correct answer carries 4 marks.
For every incorrect answer, 1 mark will be deducted.

Rough work should be done only in the space provided in the question booklet.

A

Use of mobile phones, calculators, smart watches, or any electronic devices
is strictly prohibited inside the examination hall.

7. Candidates must follow all the instructions given by the invigilators during the
examination.

8. Any involvement in unfair practices, impersonation, or misconduct will lead
to the disqualification of the candidate.

1. Choose the INCORRECT dimensions:
(A) Linear momentum: M LT !

(B) Angular momentum: M L*T~1

(C) Speed of Light: M°LT—2

(D) Kinetic energy: M L?>T~2

(E) Angular frequency: M°LOT—1

Correct Answer: (C) Speed of Light: MOLT—?2

Solution:
The dimension of Speed of Light (c) is the dimension of velocity.

Velocity is calculated as Distance/Time.

The dimensional formula for velocity is [L][T~!] = LT

Expressed in terms of M, L, T, this is MOLT1.

Option (C) gives the dimension as MLT =2 which is the dimension of acceleration.

Therefore, option (C) lists the incorrect dimensions.



9 Quick Tip

Always verify the dimensions of fundamental physical quantities. Velocity (speed) is
LT, Acceleration is LT 2, and Force is M LT 2. Kinetic Energy is [M][LT~']? =
ML*T2.

2. The length of the side of a cube is 1.1 x 1072 m. Its volume in m? up to correct
significant figures is

(A) 1.4 x 1076

(B) 1.33 x 1076

(C) 1.23 x 1076

(D) 1.42 x 1076

(E) 1.3 x 1076

Correct Answer: (E) 1.3 x 107°

Solution:
The length of the side of the cube is L = 1.1 x 1072 m.

L has 2 significant figures (SF).
The volume of the cube is V = L3.
V = (1.1)2 x (1072)3 m3.

V =1.331 x 10" %m?.

In multiplication (or exponentiation), the result must have the same number of SF as the least
precise input, which is 2 SF.

Rounding 1.331 to 2 significant figures gives 1.3.

V =1.3x 10" %m3.

9 Quick Tip

When performing multiplication or division, the final answer must be limited to the
least number of significant figures found in the original numbers.

3. A person travels in a car from p to q with uniform speed u and returns to p
with uniform speed v. The average speed for his round trip is



Correct Answer: (D) 3_%

Solution:
Let the distance between P and Q be D.

Total distance traveled = D + D = 2D.
Time taken from P to Q: t; = %.

Time taken from Q to P: to = %.

Total time taken T = t1 + to = % + % =D (U+u).
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9 Quick Tip

The average speed for two equal distances covered at speeds u and v is given by the

harmonic mean ,3_% Note that this is different from the arithmetic mean u;r” which

applies to equal time intervals.

0.4i + 0.3] + bk is a unit vector, then the value of b is
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Correct Answer: (E)



Solution:
For d@ to be a unit vector, its magnitude |@| must be equal to 1.

|@? = (0.4)% + (0.3)% + V2.
12 = 0.16 + 0.09 + b2.
1=0.25+ b2

b2 =1-0.25=0.75.

_ 7 3
b=1/100 =\ 1
3
b= 3.
Q Quick Tip

A vector A = Ayt + ij' + A,k is a unit vector if A2 + Ag + A2 = 1.

5. The velocity (v)-time (¢) graph for the motion of a body is a straight line making

an angle 60° with the time axis. Then the body is moving with an acceleration (in
-2

m s~ ) of

(A)
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Correct Answer: (D) /3

Solution:
The acceleration (a) of a body is equal to the slope of its velocity-time graph.

The slope (m) of a line making an angle 6 with the horizontal axis (time axis) is m = tan6.
Given angle 6 = 60°.

Acceleration a = tan(60°).



a:\/§ms_2

9 Quick Tip

The slope of the v — t graph yields acceleration. If the line is a straight line, the accel-
eration is constant. If the angle is obtuse, the acceleration is negative (retardation).

6. A body of weight IV is suspended from the ceiling of a room through a chain of
weight w. The ceiling pulls the chain by a force

) W

w+

(A
(B) W
(©)
(D) =
(E) w

Correct Answer: (E) w+ W

Solution:
The ceiling must support the total downward weight hanging from it.

The total weight supported by the ceiling is the sum of the weight of the body (W) and the
weight of the chain (w).

Total downward force exerted by the chain/body system on the ceiling = W + w.

By Newton’s third law, the force exerted by the ceiling on the chain must be equal and opposite
to the total downward force applied.

Force applied by the ceiling = W + w.

Q Quick Tip

In a system in static equilibrium, the supporting force (tension in the chain at the ceil-
ing) must balance the total load suspended beneath it.

7. The coefficient of friction between the road and the tyres of a cyclist is 0.1.
The maximum speed with which he can take a circular turn of radius 2 m without
skidding is (g = 10ms~2)

(A) vV2ms™!



Correct Answer: (A) v/2ms ™!

Solution:
For safe turning on a horizontal road, the necessary centripetal force must be provided by the
force of static friction (F).

Fcentripetal = Fs,max-

T = psN.

For a horizontal road, the normal force N = mg.

5 = Hsmyg.

v? = s Ry.

Given 1y =0.1, R=2m, g = 10m s 2.
v? = (0.1) x (2) x (10) = 2.

V= \/§m s—1

9 Quick Tip

The maximum safe speed for negotiating a curve on a horizontal road is independent of
the mass of the vehicle/cyclist: vmax = Vs Rg.

8. A person standing in an elevator, experiences weight loss, when the elevator
(A) moves down with uniform velocity
(B) moves upward with constant acceleration
(C) moves downward with constant acceleration
D) moves upward with uniform velocit
y
(E)

moves down with variable acceleration

Correct Answer: (C) moves downward with constant acceleration



Solution:
Weight loss means the apparent weight (W’) is less than the actual weight (mg).

W' =m(g — aef).

If the elevator moves with uniform velocity (up or down), a = 0, so W/ = mg (no change).
If the elevator accelerates upwards, W’ = m(g + a), resulting in weight gain.

If the elevator accelerates downwards (with constant acceleration a), W' = m(g — a).

Since a > 0, W' < mg, indicating weight loss.

9 Quick Tip

Apparent weight is calculated by W/ = m(g — a), where a is the acceleration of the
elevator (positive upwards). Downward acceleration means a is negative, leading to

W’ =m(g = (=lal)) = m(g — |al).

9. The ratio of the maximum kinetic energy to the maximum potential energy of
a bob of a simple pendulum executing small oscillations is

(A)1:1
(B)1:2
(C)2:1
(D)1:4
(E)4:1

Correct Answer: (A) 1:1

Solution:
For any system undergoing Simple Harmonic Motion (SHM), mechanical energy (F) is con-
served.

The total energy F is given by the maximum kinetic energy (K Epmax), which occurs at the
equilibrium position.

E = KEnpax.

The total energy F is also given by the maximum potential energy (P Epnax), which occurs at
the extreme positions.

E = PFEax.



Therefore, K Eihax = PEmnax.

] KEmax — l
The ratio p== = 1.

max 1

@ Quick Tip

In SHM, the energy oscillates between kinetic and potential forms. The total energy is
constant and equals the peak value of either the kinetic or the potential energy.

10. A constant force of 6 N acting on a stationary body displaces it by 3 m in 2 s.
The average power delivered is

Correct Answer: (D) 9 W

Solution:
Force FF =6 N.

Displacement d = 3 m.

Time t =2 s.

Work done W = F' x d (assuming force is along displacement).
W =6Nx3m=181.

Average Power (P,yg) is the rate of work done: Puygz = %

Prvg = 1.
Pavg - 9W.
@ Quick Tip

Power is work per unit time. When calculating average power from total displacement,
ensure both work (or energy change) and time interval are correctly calculated.




11. A block of mass 3 kg executes simple harmonic motion under the restoring
force of a spring. The amplitude and the time period of the motion are 0.1 m and
3.14 s respectively. The maximum force exerted by the spring on the block is

Correct Answer: (A) 1.2 N
Solution:

Mass m = 3 kg.

Amplitude A = 0.1 m.

Time period T'= 3.14 s. Use 7 =~ 3.14.

_ 2
Angular frequency w = 7.

20~ 2?” =2rad s 1.

W=371"~

The maximum force (Finax) occurs at the maximum displacement (amplitude A) and is given
by Fax = Mamax.

Maximum acceleration amax = w?A.
Fax = mw?A.
Fax = (3) x (2)? x (0.1).

Frax =3 x4x0.1=12N.

[ Q Quick Tip

The maximum acceleration in SHM is apax = w?A. The maximum restoring force is
Fnax = Mamax. Always look for approximations (like 3.14 ~ m) to simplify calculations.

12. The principle involved in the performance of a circus acrobat is the conserva-
tion of
(A) translational energy



(B)
(C) angular momentum
(D) mass
(E)

E) rotational energy

linear momentum

Correct Answer: (C) angular momentum

Solution:
A circus acrobat (or a diver) changes their rotational speed by changing their body posture
(pulling arms/legs in or stretching them out).

When they pull their limbs in, their moment of inertia (/) decreases.

Since there is negligible external torque, the angular momentum (L = [w) must remain con-
served.

As I decreases, the angular velocity (w) increases, allowing them to complete more rotations
in the air.

This demonstrates the conservation of angular momentum.

9 Quick Tip

The concept of changing rotational speed by altering body configuration (moment of
inertia) is a classic illustration of the conservation of angular momentum (L = constant
if 7 ext — 0)

13. For a smoothly running analog clock, the ratio of the angular velocity of the
minute hand to the angular velocity of hour hand is

Correct Answer: (B) 12

Solution:
Angular velocity w is given by w = QT”, where T is the time period.

10



Time period of minute hand (Tys): Ty = 1 hour.

Time period of hour hand (Ty): Ty = 12 hours.

. .- . 27 /T
The ratio of angular velocities is “AL = /T _ Ty
WH 2m [Ty T

wy . 12hours __
wg  lhour 12.

The ratio is 12.

Q Quick Tip

The ratio of angular velocities of rotating bodies with constant periods is equal to the
inverse ratio of their time periods (w;/wo = To/T71).

14. The height above the surface of the earth at which the acceleration due to
gravity becomes half of that on the surface of the earth is (R is the radius of earth)

=
=y

N[} NG o)
=) 5=

ESCE

Correct Answer: 0.414R

Solution: )
The acceleration due to gravity at height h is given by g = ¢ (RL_;h) :

We require g, = §.

2
$ =9y
2
3 = (#5%)

Taking the square root: \% = %'
R+h=RV2.
h=RV2—-R=R(2-1).

h ~ 0.414R.

11



Since 0.414R is not among the options (A, B, C, D, E), the question was officially cancelled.

9 Quick Tip

For distances comparable to the Earth’s radius, use the inverse square law for gravity
gn = g(R/(R + h))%. Do not use the linear approximation g, ~ g(1 — 2h/R) unless h is
very small.

15. A particle of 100 g mass is projected vertically up with a kinetic energy of 20
J. The maximum height reached by the particle is (g = 10ms~2) (neglecting air
resistance)

(A) 5m

(B) 10 m
(C) 15 m
(D) 20 m
(E) 25 m

Correct Answer: (D) 20 m

Solution:
Mass m = 100g = 0.1 kg.

Initial Kinetic Energy K F = 20 J.
2

Acceleration due to gravity g = 10m s™~.

By the principle of conservation of energy, the initial kinetic energy is entirely converted into
gravitational potential energy (PF) at the maximum height H.

KE = PE.
KE =mgH.
20J = (0.1kg) x (10m s™2) x H.
20=1x H.

H =20 m.

12



9 Quick Tip

Ensure units are consistent (S.I. units) before applying conservation laws. The maxi-
mum height occurs when all initial kinetic energy is converted to gravitational poten-
tial energy.

16. A ball is projected in still air. With respect to the ball the streamlines appear
as shown in the figure. If speed of air passing through the region 1 and 2 are v
and v, respectively and the respective pressures, P, and P, respectively, then

(A) vi =vg; P = P
(B) 1>v; PL> Py
(C) V1 < V9; P < P
(D) 1 > V2; P1 < PQ
(E)

Correct Answer: (E) vy <wvg; Pp > P

Solution:

The figure shows that the streamlines are more crowded (denser) in region 2 (above the ball)
than in region 1 (below the ball).

According to the continuity equation, higher density of streamlines implies higher fluid speed.
Thus, vo > vy.

According to Bernoulli’s principle, for horizontal flow, P + % pv? = constant.

Higher velocity corresponds to lower pressure.

Since v > v1, it follows that Py < Pj.

The correct relations are v1 < vo and P} > Ps.

13



9 Quick Tip

Bernoulli’s principle dictates an inverse relationship between dynamic pressure (% pv?)
and static pressure (P). Faster fluid flow means lower pressure.

17. If the radii of two soap bubbles are respectively 2 cm and 3 cm, then the ratio

of the excess pressures inside the soap bubbles is
A)b5:3
B)3:2
C)2:3
D)y1:1
E)3:5

W = N

(
(
(
(
(

— T —

Correct Answer: (B) 3:2

Solution:
The excess pressure (AP) inside a soap bubble is given by AP = %, where T is surface tension
and R is the radius.
Thus, AP is inversely proportional to the radius (R).
1

Given radii R = 2 cm and Ry = 3 cm.

. o AP _ Ry
The ratio of excess pressures is X =i
APl 3cm _ §
AP, = 2cm =~ 2°

The ratio is 3 : 2.

9 Quick Tip

Always distinguish between a soap bubble (AP = 47T/R) and a liquid drop (AP =
2T/R). For the same liquid and temperature, the smaller radius always corresponds to
higher excess pressure.

18. The elastic energy stored per unit volume in a stretched wire is (Y= Young’s
modulus of the material of the wire; S= stress acting on the wire)

(A) 5 (§)

14



(B) 3 ()
© 3 (%)
() 3 (§)
(E) §(5Y)

Correct Answer: (C) & (STQ)

Solution:
Elastic energy stored per unit volume (u) is defined as: u = % X Stress x Strain.

u= %Se, where € is the strain.

_ Stress __ S

We use Hooke’s law, which states Y = ggr=2 = 2.

n

Rearranging for strain: € = 3.

Substitute € into the energy density formula:

(%)

I

I
D[ —
W

<

Il
DNO|—
<%

9 Quick Tip

The three common forms for elastic energy density are: %Se, %Y62, and %52 /Y.
Choose the form involving the variables specified in the question (S and Y).

19. The zeroth law of thermodynamics leads to the concept of
(A) carnot engine
(B) work
(C) temperature
(D) heat
(E) internal energy

Correct Answer: (C) temperature

Solution:
The Zeroth Law of Thermodynamics establishes the concept of thermal equilibrium.

15



It states that if system A is in thermal equilibrium with system C, and system B is also in
thermal equilibrium with system C, then A and B are in thermal equilibrium with each other.

This transitive property defines temperature as the state variable that determines whether sys-
tems are in thermal equilibrium.

9 Quick Tip

The four laws of thermodynamics are conceptually linked to specific properties: Zeroth
Law — Temperature; First Law — Internal Energy/Energy Conservation; Second Law
— Entropy/Directionality; Third Law — Absolute Zero.

20. If m, and m; are the slopes of the adiabatic and isothermal curves for an ideal
gas, then

(A) mg = ymy

(B) m Vma

(C) mgm; =

(D) mamZ = 2

(E)

Correct Answer: (A) m, = ym;

Solution:

The slope of a curve on a P — V diagram is m = %.

1. Isothermal Process: PV = constant. Differentiation yields PdV + VdP = 0.

I

mi = (d_P)iso - _é'

2. Adiabatic Process: PV7 = constant. Differentiation yields P(yV7~1dV) + V7dP = 0.
Dividing by V'~ P~dV + VdP = 0.

Ma = (g_xlj)adia = _7%

Comparing m, and m;:

Mg =7 (_é) = ymy.

16



9 Quick Tip

The adiabatic process curve is always steeper than the isothermal curve passing
through the same point, with the ratio of slopes being the adiabatic index v = C,,/C,.

21. The work done by a gas on the system is zero in
(A) adiabatic process

(B) isothermal compression

(C) isochoric process

(D) isobaric process

(E) isothermal expansion

Correct Answer: (C) isochoric process

Solution:
The work done (W) during a thermodynamic process is defined as W = PAV.

In an isochoric process, the volume of the system is held constant.
Therefore, the change in volume is zero (AV = 0).
W=Px0=0.

The work done by the gas on the system in an isochoric process is zero.

Q Quick Tip

Work done in a pressure-volume process is zero if and only if the volume remains con-
stant (isochoric process). This is visually represented by a vertical line on a P-V dia-
gram.

22. If ¢), ¢y, and f are the specific heat capacity at constant pressure, specific heat
capacity at constant volume and number of degrees of freedom for a polyatomic
gaseous system, then the ratio g—f is equal to

17



Correct Answer:-Question Cancelled

Solution:
The ratio of specific heats is 7 = g—:

Accordlng to the Law of Equipartition of Energy, the molar heat capacity at constant volume
is Cy = R where f is the degrees of freedom.

By Mayer’s relation, C), — C, = R.
Cpy=Cy+R=1R+R=1FR

Thus,theratiovzg—::%:%zlju

o

For a polyatomic gas, f > 6. For f =6,v=1+42/6 =4/3.

Since the expected formula I£2 qoes not match any given option, and given the complexity of
degrees of freedom for real polyatomic gases, this question was likely cancelled due to ambiguity
or incorrect options.

@ Quick Tip

For an ideal gas, the ratio of specific heats is strictly related to the degrees of freedom
(f) by v = 1+ 2/f. Check if the question specifies monoatomic (f = 3) or diatomic
(f=5orT).

23. When the number of molecules per unit volume of an ideal gas is 0.8 x 10%* the
mean free path for its molecules is 2.2 x 107° m. If the number of molecules per
unit volume is 1.0 x 10?4, then the mean free path is

(A) 17.6 x 107° m
(B) 1.76 x 1075 m
(C) 3.52x 1075 m
(D) 35.2 x 107° m
(E) 8.8 x 107° m

Correct Answer: (B) 1.76 x 1075 m

Solution:
The mean free path (\) is inversely proportional to the number of molecules per unit volume
(n, number density).

18



The relation is A =

1
Vord2n®

Therefore, A\in; = Agno.
We are given: A\; = 2.2 x 107° m, n; = 0.8 x 1024 m™3, and ny = 1.0 x 10**m=3.

We need to find Aoz Ay = A (g—)

24
do = (22 x1079) x (454457,

Ao =2.2x 1077 x 0.8.

Ao =176 x 1075 m

@ Quick Tip

The mean free path is inversely proportional to the number density (n). If the number
density increases, the molecules are closer together, leading to a shorter path length
between collisions.

24. A particle executes a linear SHM with an amplitude a¢ and angular velocity w.
The ratio between its acceleration amplitude and displacement amplitude is

)7,

EECEE
E)MIE & E

(A
(
(
(
(

Correct Answer: (B) w?

Solution:
The equation for displacement in SHM is x = asin(wt).

The displacement amplitude is A, = a.

The magnitude of acceleration is A = w?z.

The maximum acceleration (acceleration amplitude) occurs at maximum displacement x = a:

Apax = w2a.

Acceleration Amplitude

The ratio requeSted 18 Displacement Amplitude -

19



9 Quick Tip

In SHM, the maximum velocity is vmax = aw, and the maximum acceleration is apmax =
aw?. These relations highlight the dependence on amplitude (a) and angular frequency

(w).

25. Speed of a transverse wave on a stretched string under tension 7" and linear
density [ is

)
B

(A
(
(
(
(

—  — ~—

R E %%m

C
D
E

Correct Answer: (B) %

Solution:
The speed (v) of a transverse wave traveling on a stretched string is determined by the restoring
force (Tension, T') and the inertia of the medium (linear mass density, ).

The standard formula derived from wave mechanics is:

v = Tension
o Linear Mass Density

- /T
b= /T

9 Quick Tip

Wave speed generally follows the form v = \/ Elastic Property/Inertial Property. For a
string, 7" is the elastic property (restoring force) and p is the inertial property.

26. The lowest frequency of the air column in an open pipe of length L is (v=
velocity of sound in air)

(A)
(B)
(©)

g

20



Correct Answer: (A) 57

Solution:
An open pipe is open at both ends, resulting in antinodes at both ends.

The fundamental mode (lowest frequency, f1) corresponds to the standing wave pattern where
the length of the pipe L equals half a wavelength (A\/2).

L=2% = X\ =2L.

Since frequency f = %, the lowest frequency is:

_ v
fi=31.

9 Quick Tip

For open pipes, resonant frequencies are f, = nsr (n = 1,2,3,...). For closed pipes,
they are f, = ngp (n=1,3,5,...).

27. If FE is the electric field intensity between the plates of a charged parallel plate
capacitor, energy stored per unit volume in it is (permittivity of free space = ¢y)

Correct Answer: (B) 1e0E?

Solution:
The energy density (u) or energy stored per unit volume in a region where the electric field is
E (in vacuum or free space) is given by the formula:

__ Energy Stored _ 1 2
u= Volume - 2€OE )

21



9 Quick Tip

The energy stored in a capacitor (U = 1/2CV?) is distributed throughout the volume
occupied by the electric field E. Energy density is a critical concept relating energy
storage directly to the field strength.

28. Two like charges kept in air medium experience a force F, when they are
separated by a certain distance r. When the same charges are kept in a dielectric
medium at the same distance of the separation the force between them is 0.5F.

The dielectric constant of the medium is
A)

HE oK
IR DO pojowo|w Ot

(
(
(
(
(

Correct Answer: (D) 2

Solution:
The force between two charges ¢q; and ¢y separated by distance r in a medium with dielectric
constant K is related to the force in air (Fyi;) by:

air

Fredium = K -

Given Fyir = F and Fiedium = 0.5F.

F
F 1
K =55F = 05
K = 2.
9 Quick Tip

The dielectric constant K (or relative permittivity &,) quantifies how much the medium
reduces the electrostatic force compared to vacuum (or air). Since K is always > 1, the
force always decreases or stays the same.

29. The energy stored in the capacitor after closing the key K is

22
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Correct Answer: (C) 1CV?

Solution:

The diagram shows a capacitor C' connected in series with a battery providing potential differ-
ence V' when the key K is closed.

After closing the key and allowing the circuit to reach steady state, the capacitor C' charges fully.
The potential difference across the capacitor will be equal to the battery voltage V.

The energy (U) stored in a capacitor C' charged to a potential difference V' is given by:

U=3CV2

@ Quick Tip

Remember the three equivalent formulas for stored capacitor energy: U = %QV =
2
levr =4,

30. Masses of three copper wires are in the ratio 1: 3 : 5 and their lengths are in
the ratio 5: 3 : 1. Then the ratio of their electric resistances is
(A)125:15:1

23



Correct Answer: (A) 125:15:1

Solution:
Resistance R is given by R = p%, where p is resistivity (constant).

The mass m is m = Volume x Density = ALpy. (pg is constant material density).

We express area A in terms of m and L: A = Lﬂpd'

2
Substitute A into the resistance formula: R = p 7 (LLpd)) = W;ZL ]

Since p and pg are constant for copper wires, R L2

Given ratios: Ly : Lo :L3=5:3:1and my:mg:m3=1:3:5.
Ri:Ry:Ry=1Ll 12 i

R1:R2:R3:$:%:g.

Ri:Ry:R3=25:3:1%

Multiplying by 5 to clear the fraction: Ry : Rg : R3 =125:15: 1.

9 Quick Tip

When resistance problems involve mass or density, use the proportionality R oc L?/m
(if length is given) or R oc m/A? (if area is given) to solve quickly, as resistivity and
density are constant for the same material.

31. Mobility p of an electron is related to average collision time 7 as (e=electronic
charge m=mass of the electron)

(A) £ =my
(B)uz”Z
C) =%
(D) p=28
(E) pr =em

Correct Answer: (D) p=<

Solution:
Mobility (u) is defined as the magnitude of the drift velocity (vg) acquired per unit electric

24



field (E).

5SS

ILL:

eET

The drift velocity of an electron is related to the relaxation time (7) by vg = <T.

Substituting the expression for v, into the mobility equation:

= EEm),
p=
9 Quick Tip

Mobility (x) connects microscopic parameters (e, 7,m) to macroscopic behavior (con-
ductivity), making it crucial for understanding charge transport in materials.

32. The electric power delivered by a transmission cable of resistance R, at a volt-
age V is P. The power dissipated is

A) PV
PR,

) a5 70
) PVR,
) P?R.
)

V2

P?R?

Correct Answer: (D) L ‘2,12%

Solution:
P is the power delivered at voltage V. The current (I) flowing through the cable is I = 5.

The transmission cable has resistance R..
The power dissipated (Pyissipated) in the cable is the Joule heating loss, given by Ploss = I ’R..

Substitute the expression for current I:

25



9 Quick Tip

Power dissipation (loss) is proportional to I2R. High voltage transmission (V) mini-
mizes the current (I = P/V') for a given power (P), thereby significantly reducing heat
loss.

33. The ratio of radii of the circular paths of a proton and a deuteron when pro-
jected perpendicular to the direction of a uniform magnetic field with the same
speed is

(A)1:1
( 22
( 2 1
(D)4:1
(E)1:4

~— T — —

B
C
D
E
Correct Answer: (B) 1:2

Solution:

When a charged particle moves perpendicular to a uniform magnetic field, the radius (r) of its

circular path is given by r = ’(%’.

Since the speed (v) and magnetic field (B) are the same for both particles, the radius is pro-
portional to the mass-to-charge ratio: r o %.

Proton (p): Mass m,,, Charge ¢, = e.
Deuteron (d): Mass mg ~ 2m,,, Charge ¢4 = e.

Ratio of radii: 2 = "e/%

Td ma/qa
Ty mple _ myp 1
ra ~ 2mp/e ~ 2m, — 27

The ratiois 1 : 2.

9 Quick Tip

The motion of charged particles in a perpendicular magnetic field depends on the spe-
cific charge (¢/m). Remember that a deuteron is essentially a heavy proton, having
approximately twice the mass but the same charge.
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34. An alternative form of Biot-Savart’s law is
(A) Gauss’s law

(B) Ohm’s law

(C) Coulomb’s law

(D) Ampere’s circuital law

(E)

E) Joule’s law

Correct Answer: (D) Ampere’s circuital law

Solution:

Biot-Savart’s law calculates the magnetic field produced by a current element (dé = @M).

47 r?

Ampere’s circuital law (§ B-dl = 10 enclosed) 18 another fundamental law in magnetostatics,
which often provides an easier way to calculate magnetic fields for highly symmetric current
distributions.

Ampere’s circuital law is derived from the Biot-Savart law and is considered an alternative
mathematical formulation for magnetostatics, similar to how Gauss’s law is an alternative to
Coulomb’s law in electrostatics.

¢ Quick Tip

In electromagnetism, integral laws (Ampere’s, Gauss’s) simplify calculations for sym-
metric setups, while differential laws (Biot-Savart, Coulomb’s) describe the fundamen-
tal interaction elements.

35. In an LCR series resonance circuit driven by the alternating voltage V' =
Vosinwt, inductance L = 1pH, capacitance C' = 1 uF and resistance R = 1k{). The
resonant angular frequency (in rad s_l) is:

Correct Answer: (A) 10°

Solution:
The resonant angular frequency (wp) for a series LCR circuit is given by the formula:

27



_ 1
wo = e

Convert given values to S.I. units:
L=1pH=1x10"%H
C=1pF=1x10"°F

(Note: Resistance R does not affect the resonant frequency, only the sharpness of resonance).

1

wo = .
0 V/(1x10-6)x (1x10-6)
oo — L 1

0= V1ip-1z ~ 10-°¢"

wo = 10 rad s7L,

9 Quick Tip

Resonance occurs when inductive reactance (X7) equals capacitive reactance (X¢),
leading to the condition woL = 1/(woC'), which directly yields wy = 1/vV LC.

36. Electromagnetic waves of frequency 5 x 10'* Hz lie in the
(A) ultraviolet region

(B) infrared region

(C) visible region

(D) radio region

(E) Microwave region

Correct Answer: (C) visible region

Solution:
The visible spectrum ranges approximately from 400 nm (Violet) to 700 nm (Red).

Using the relation f = ¢/A (where ¢ = 3 x 108 m/s):
Frequency range for visible light is roughly 4.3 x 104 Hz (Red) to 7.5 x 10'* Hz (Violet).

The given frequency f = 5 x 10'* Hz falls within this range. (This frequency corresponds
roughly to green light).
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9 Quick Tip

It is helpful to memorize the approximate frequency ranges for visible light (=~ 4 X
10 to 7.5 x 1014 Hz). Frequencies lower than visible are Infrared, Microwave, Radio;
frequencies higher are UV, X-ray, Gamma ray.

37. Whenever light travels from rarer medium into denser medium its
(A) frequency increases

(B) wavelength increases

(C) frequency decreases

(D) wavelength decreases

(E) wavelength remains unchanged

Correct Answer: (D) wavelength decreases

Solution:
When light travels from a rarer medium (lower refractive index n1) to a denser medium (higher
refractive index ng).

1. Speed: The speed of light v decreases, as va = v /Nyl

2. Frequency: The frequency (f) of light is determined by the source and remains constant
across mediums.

3. Wavelength: Since v = fA, and f is constant, if the speed v decreases, the wavelength A
must also decrease proportionally.

The wavelength decreases (A2 < A1).

Q Quick Tip

Frequency is invariant across media changes because it is determined by the source os-
cillation. Wavelength and velocity change inversely with the refractive index.

38. Young’s double-slit experiment is carried out by using green, red and blue
lights, one at a time. The fringe widths recorded are (g, g and (g respectively.
Then

(A) Be < Br < BB

(B) BB < Br < Ba

(C) Ba < BB < Br

(D) B < Bc < Br
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(E) Bc = Br = BB
Correct Answer: (D) g < g < Or

Solution:
The fringe width (5) in Young’s double-slit experiment is given by g = %.

Since the setup parameters D (screen distance) and d (slit separation) are the same, [ is di-
rectly proportional to the wavelength (\).

The wavelengths for the given colors are ordered as: AReq > AGreen > ABlue-
Therefore, the fringe widths must follow the same order: Sr > g > OB.

In increasing order, this is S < g < BR.

Q Quick Tip

Fringe width is directly proportional to the wavelength. Red light, having the longest
visible wavelength, produces the widest fringes, while blue light produces the narrowest

fringes.

39. The number of de Broglie waves associated with Bohr electron when it com-
pletes one revolution in its third orbit is

(A) 1

P

B) 3
C)5
D)6
E)
Correct Answer: (B) 3

Solution:

According to Bohr’s model, supplemented by de Broglie’s hypothesis, stationary orbits are
formed only when the circumference of the orbit (27ry,) is an integral multiple (n) of the elec-
tron’s de Broglie wavelength ().

Bohr’s quantization condition is 271, = nA.
Here, n represents the principal quantum number of the orbit and also the number of standing

waves (de Broglie waves) that fit into the circumference.
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For the third orbit, n = 3.

Therefore, the number of de Broglie waves associated with the electron is 3.

@ Quick Tip

The key takeaway from de Broglie’s explanation of Bohr’s orbits is that the number of
standing electron waves around the nucleus is equal to the principal quantum number
n.

40. The particle which is expected to be emitted along with Y in the following
nuclear reaction is: éggX — %87Y +7?
A) « - particle
) Bt - particle
) B~ - particle
D) proton
) neutron

Correct Answer: (D) proton

Solution:
Nuclear reactions must conserve both mass number (A) and atomic number (Z).

Reactant (X): A =198, Z = 80.

Product (Y): A" =197, Z/ = 79.

Let the emitted particle be ¢P.

Conservation of mass number (A): 198 =197+ a — a = 1.
Conservation of atomic number (Z): 80 =79+ 2 = z=1.
The emitted particle is %P.

A particle with mass number 1 and atomic number 1 is a proton (p).
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9 Quick Tip

Protons (1p), neutrons (§n), a-particles (3He), and B-particles (° ;e or Ye) are the stan-

dard components of nuclear reactions. Always ensure mass number (A) and charge (Z)
balance.

41. In a nuclear fusion process, the masses of the fusing nuclei are M4 and Mp.
Then the mass of the product nucleus M is related to M4 and Mp as

(A) Mo < Ma+ Mp
(B) Mg > M4 + Mp
(C) M¢ = [Ma — Mp|
(D) MC =My + Mp
(E) M

Correct Answer: (A) Mo < Mg+ Mp

Solution:
Nuclear fusion is a process where two lighter nuclei (M4 and Mp) combine to form a single
heavier product nucleus (M¢) and release a tremendous amount of energy (Q).

This released energy is due to a mass defect (AM) according to Einstein’s mass-energy equiv-
alence Q = AMc2.

The mass defect is AM = (Mass of Reactants) — (Mass of Products).
Assuming no other particles are emitted: AM = (M4 + Mp) — M.
Since energy (@) is released (exothermic), AM must be positive (AM > 0).

Therefore, Mg + Mp > Mg, or Mg < M4 + Mp.

@ Quick Tip

Both nuclear fusion and fission are exothermic (release energy). In any exothermic nu-
clear reaction, the total mass of the products is always less than the total mass of the
reactants, satisfying the relation Mproducts < Mreactants-

42. The electron concentration (n.) and hole concentration (nj;) in semiconductor
are related to the number of intrinsic charge concentration n; as
(A) neny, = n?

(B) ne + njp, = n?
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(C) ne +nyp, = 2n?
(D) neny, =n;

(E) Vellp = Ny
Correct Answer: (A) nenj, = n?

Solution:
This relationship is known as the Law of Mass Action in semiconductors.

It states that under thermal equilibrium, the product of the concentration of electrons (n.) and
the concentration of holes (np) is constant for a given material and temperature, irrespective

of whether the semiconductor is intrinsic or extrinsic.

This product is equal to the square of the intrinsic carrier concentration (n;):

NeNp = nz2
9 Quick Tip

In intrinsic semiconductors ne = np = n;. In extrinsic semiconductors, n. # ny, but
their product remains n . For example, in n-type, ne > n; and ny, = n2 /M.

43. The half-life period of a radioactive element is 2 days. If 5 part of the initial
amount remains undecayed after a time ¢, then the value of ¢ 1n days is

) 8

(A
(
(
( 2
(

~ =

B) 10
C)
D)
E)

Correct Answer: (B) 10

Solution:
Halt-life T7 5 = 2 days.

The fraction remaining undecayed (%) after n half-lives is given by Nlo = (%)n
1

N — =
Given o = 3

: —_ 95 1 _ (1)\°
Since 32 = 2°, we have 55 = (5) .
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Therefore, the number of half-lives passed is n = 5.
The total time elapsed t is t =n X 17 5.

t =5 x 2days = 10 days.

9 Quick Tip

When the remaining fraction is given as 1/2", the number of half-lives (n) is simply the
power of 2 in the denominator. Total time is then n x T7 .

44. An intrinsic semiconductor at 7'= 0 K behaves like
(A) insulator

(B) n- type semiconductor
(C) p-type semiconductor
(D) conductor
(E) superconductor

Correct Answer: (A) insulator

Solution:
At absolute zero temperature (7" = 0 K), there is no thermal energy available to break the
covalent bonds in an intrinsic semiconductor.

Consequently, all valence electrons remain trapped in the valence band, leaving the conduction
band completely empty.

Since there are no free charge carriers (electrons or holes) available for conduction, the semi-
conductor behaves as a perfect insulator.

9 Quick Tip

The conductivity of a semiconductor relies on thermal excitation. At T = 0 K, this
excitation stops, and the material acts like a material with a large band gap, i.e., an
insulator.

45. When a diode is reverse biased

(A) applied voltage in the p - side is positive

(B) the depletion layer width decreases

(C) the applied voltage is in the opposite direction of barrier potential
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(D) minority carriers are not allowed to cross the barrier
(E) the barrier height increases

Correct Answer: (E) the barrier height increases

Solution:
In reverse biasing, the positive terminal of the external battery is connected to the n-side and
the negative terminal to the p-side.

This external voltage adds to the built-in potential barrier (¢5) of the p — n junction.

This results in an increase in the width of the depletion layer and an increase in the potential
barrier height.

A higher barrier height effectively prevents the flow of majority carriers.

9 Quick Tip

Reverse bias increases the depletion width and barrier height, severely limiting current
flow (only a small minority carrier current flows). Forward bias decreases the depletion
width and barrier height, allowing majority carriers to flow easily.

46. 10 g of alcohol is dissolved in 90 g of water. The percentage of alcohol in the
solution is

Correct Answer: (A) 10%

Solution:
Mass of solute (alcohol) = 10 g.

Mass of solvent (water) = 90 g.

Total mass of solution = Mass of solute + Mass of solvent = 10g + 90g = 100 g.

_ Mass of alcohol
— Total mass of solution x100.

Mass percentage of alcohol
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Percentage = 1100_0gg x 100 = 10%.

9 Quick Tip

Mass percentage concentration is calculated as the mass of the component divided by
the total mass of the solution, multiplied by 100.

47. Which of the following set of quantum numbers possible?

n=31=2m=—4,ms;=3

)

yn=210= 2ml—0,m32%
yn=2101=2m=-1,mgs=1

D)n—Sl—Q,ml 27mS:

)

E)yn=3,l=3m =-2,mgs =

D=0 —

Correct Answer: (D) n=3,1=2m =—2,m; =1
Solution:
The allowed ranges for quantum numbers are: n > 1; 1 = 0ton—1; m; = =l to +1; mg = £1/2.

(A) n = 3,1 =2. m; must be between —2 and +2. m; = —4 is impossible.
(B) n=2. I must be 0 or 1. [ =2 is impossible.
(C) n=2. [ =2 is impossible. Also, ms =1 is impossible.

(D) n=3. 1 =2 (possible since | <n —1=2). m;y = —2 (possible since | — 2| < 2). mg =1/2
(possible). This set is possible.

(E) n = 3. l must be <2. [ =3 is impossible.

9 Quick Tip

Always check the dependencies: [ depends on n (I = 1 — 1), and m; depends on [
(lmy] <1). mg is fixed at £1/2.

48. The electronic configuration of Pd (Z = 46) is
(A) [Kr|4d®5525p°
(B) [Kr]4d?5st5pY
(C) [Kr]4d'955%5p°
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(D) [Kr]4d®5s?5p3
(E) [Kr]4d®5s%5p?

Correct Answer: (C) [Kr]4d!?5s%5p°

Solution:
Palladium (Pd) has atomic number Z = 46. The noble gas core is Krypton (Z = 36).

Expected configuration (following Aufbau): [Kr]4d®5s2.

However, Pd is a crucial exception in the transition metals. It achieves maximum stability by
completely filling the d-subshell.

Two electrons from the 5s orbital shift to the 4d orbital to obtain the 4d'0 configuration.

The actual stable ground-state configuration is [Kr]4d'5s°.

@ Quick Tip

Chromium (Cr), Copper (Cu), and Palladium (Pd) are important exceptions to the
Aufbau principle due to the enhanced stability associated with half-filled (d®,s') or
completely filled (d'9,s' or d'9,s") d-orbitals.

49. Which of the following has square planar structure?
NH;

Correct Answer: (B) XeFy

Solution:

We use VSEPR theory to determine geometry based on steric number (SN = bond pairs +
lone pairs).

(A) NH;: SN = 4 (4 BP, 0 LP). Hybridization sp?. Geometry: Tetrahedral.

(B) XeF4: Xenon has 8 valence electrons. 4 bond pairs (to F), 2 lone pairs. SN = 6 (4 BP, 2
LP). Hybridization sp3d®.
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The geometry corresponding to SN=6 and 2 LP is Square Planar (lone pairs occupy axial po-
sitions).

(C), (D), (E) CCly, SiCly, CHy: SN = 4 (4 BP, 0 LP). Hybridization sp. Geometry: Tetrahe-
dral.

9 Quick Tip

Square planar geometry is typically associated with d® metal complexes or

molecules/ions with sp®d? hybridization having 4 bond pairs and 2 lone pairs, like
XeFy.

50. Which of the following molecule is paramagnetic?
O2
2

CEErE
[\]

T mZQ
N

[\V]

Correct Answer: (A) Oy

Solution:
A molecule is paramagnetic if it possesses unpaired electrons in its molecular orbitals.

We check the total number of electrons and apply Molecular Orbital Theory (MOT).
(A) Og: 16 electrons. MOT configuration: (02s)2(0*2s)%(02p,)%(72ps)?(72py)? (7*2ps )L (7*2py ) L.

The last two electrons occupy the degenerate antibonding 7*2p orbitals singly (Hund’s rule).
Since there are two unpaired electrons, Og is paramagnetic.

(B) Ca: 12 electrons (diamagnetic).
(C) Na: 14 electrons (diamagnetic).
(D) Fa: 18 electrons (diamagnetic).

(E) Ha: 2 electrons (diamagnetic).
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9 Quick Tip

Molecular orbital diagrams for Z = 8 (like O2) show that the last two electrons enter
the 7* antibonding orbitals separately, leading to paramagnetism. Molecules with an
odd number of total electrons are always paramagnetic.

51. The vapour pressure of HyO at 323K is 95 mm of Hg. 176g of sucrose (Molar
mass = 342g mol_l) is added to 900g of H2O at 323K. The vapour pressure of solu-
tion is about

(A) 93.94 mm

(B) 92.88 mm
(C) 96.06 mm
(D) 95.33 mm
(E) 94.06 mm

Correct Answer: (E) 94.06 mm

Solution:
Given: Pure solvent vapour pressure P? = 95 mm Hg.

Solute (Sucrose): Mass Wa = 176 g, Molar mass My = 342 g mol .
Solvent (Water): Mass W; = 900 g, Molar mass M; = 18 g mol ™.
Calculate moles:

na(sucrose) = % ~ 0.5146 mol.

ni(water) = % = 50.0 mol.

Total moles = n1 + no = 50.5146 mol.

According to Raoult’s Law, the vapour pressure of the solution is Py = PYX7, where X7 is the
mole fraction of the solvent.

Mole fraction of solvent X; = m’j:nz = 50?%'1046 ~ (0.989814.
Py, =95mm x 0.989814.
Ps ~ 94.0323 mm Hg.

94.03 mm Hg is closest to 94.06 mm Hg.
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9 Quick Tip

Raoult’s Law states that the vapour pressure of a solution (Ps) is P°Xojvent. Use the
exact formula Xgolyent = Msolvent/ (Msolvent + Msolute) Unless the solution is extremely
dilute.

52. Which of the following statement is incorrect?

(A) The greater the disorder in an isolated system, the higher is the entropy.

(B) The crystalline solid state of a substance is the state of lowest entropy.

(C) Entropy is not the measure of average chaotic motion of particles in the system.
(D) The gaseous state of a substance is state of highest entropy.

(E) AS is related to ¢ and T for a reversible reaction as AS = gyev/T.

Correct Answer: (C) Entropy is not the measure of average chaotic motion of particles in
the system.

Solution:
Entropy (S) is a thermodynamic state function related to the degree of disorder or randomness
in a system and the number of possible microscopic arrangements (microstates).

Option (A): Correct. Higher disorder corresponds to higher entropy.

Option (B): Correct. Crystalline solids are highly ordered, hence possess minimum entropy
(Third Law of Thermodynamics).

Option (D): Correct. Gaseous state has maximum molecular freedom and randomness, there-
fore highest entropy.

Option (E): Correct. For a reversible process,

Qrev
A =
S T

which is the fundamental definition of entropy change.

Option (C): Incorrect. Entropy is related to the randomness or chaotic nature of particle dis-
tribution in a system. While temperature measures average kinetic energy, entropy represents
the extent of disorder and randomness of molecular motion. Hence, stating that entropy is not

a measure of average chaotic motion is incorrect.

Therefore, the incorrect statement is (C).
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9 Quick Tip

Temperature is a measure of average particle kinetic energy (chaotic motion), whereas
Entropy is a measure of the system’s disorder or the number of accessible microstates.
While correlated, they are distinct thermodynamic variables.

53. PCl5(g), PCl3(g) and Cly(g) are at equilibrium at 500 K. The equilibrium con-
centrations of PCl3(g), Cly(g) and PCl;(g) are respectively 4.0 M, 4.0 M and 2.0 M.
Calculate K, for the reaction, PCl;(g) = PCl3(g) + Cla(g)

(A) 2mol dm™®
(B) 4mol dm ™
(C) 6mol dm ™
(D) 8mol dm™>
(E) 10mol dm ™

Correct Answer: (D) 8mol dm >

Solution:
The equilibrium constant K. expression is given by the ratio of product concentrations to re-
actant concentration, raised to their stoichiometric coefficients:

PCl3)[Cl,
K. =1 [PC]I[g,] ]

Substitute the given equilibrium concentrations: [PClg] = 4.0M, [Cly] = 4.0 M, and [PCl;] =
2.0M.

K.=8.0M (or 8mol dm™).

9 Quick Tip

When calculating K, ensure that all concentrations are given in Molarity (mol L~tor
mol dm_3) and that coefficients in the balanced equation are correctly used as expo-

nents.

54. Which of the following statement is true with regard to Daniell cell?
(A) Oxidation occurs at cathode
(B) Reduction occurs at anode
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(C) E% cellis 1.1 V
(D) Electrical energy produces chemical reaction
(E) Electrolytes are aqueous solutions of CuSO4 and FeSOj.

Correct Answer: (C) E¥ cell is 1.1 V

Solution:
The Daniell cell reaction is: Zn(s) + Cu®"(aq) — Zn*"(aq) + Cu(s).

Standard electrode potentials are: E%(Zn?"/Zn) = —0.76 V and E°(Cu?'/Cu) = 4+0.34 V.

— FEO

anode*

The standard cell potential is Egell = Egatho de

E% =034V —(-0.76V) = 1.10 V.

Statement (C) is the correct standard potential for the Daniell cell.

9 Quick Tip

In a galvanic cell, E((:)ell is calculated by subtracting the standard potential of the anode
(oxidation) from the standard potential of the cathode (reduction). For the Daniell
cell, this value is a standard constant, 1.1 V.

55. The conductivity of 0.02mol L™! KCI solution is 0.248S m™!. Its molar conduc-
tivity is

(A) 208 m*mol~?

(B) 1.24 x 1073 S m?mol ™!

(C) 1.24 x 107*S m?mol !

(D) 2.48 x 10728 m?mol !

(E) 1.24 x 1072 S m?mol !

Correct Answer: (E) 1.24 x 1072S m?mol !

Solution:

Molar conductivity (A;,) is calculated using the formula A,, = £, where & is conductivity and

¢ is concentration in mol m™>.

Given conductivity x = 0.248S m™!.

Given concentration ¢ = 0.02mol L.
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Convert concentration to mol m™>: ¢ = 0.02 x 1000 = 20mol m>.

A — 0248Sm”!
m 20mol m 3"

Ay, = 0.0124S m?mol 1.

Ap =124 x 1072S m?mol .

9 Quick Tip

Crucial unit conversion in electrochemistry: Concentration C' in mol L' must be mul-
tiplied by 1000 to get C' in mol m~? when x isin Sm™! to yield A,, in S m%mol L.

56. Which of the following compound has the lowest boiling point?
A) Carbon disulphide
B) Water

C) Ethanol

D)

E)

Benzene
Chloroform

(
(
(
(
(
Correct Answer: (A) Carbon disulphide
Solution:

Boiling point depends on the strength of intermolecular forces (IMFs).

Water and Ethanol exhibit strong Hydrogen Bonding (highest BP).

Benzene (non-polar, M ~ 78) and Chloroform (polar, M & 119, dipole-dipole) have intermedi-

ate BPs.

Carbon Disulphide (CS3) is linear and non-polar, relying only on relatively weak London Dis-

persion Forces (LDF). M(CS2) = 76.

Boiling Points (approx.°C): H20O (100) > Ethanol (78) > Benzene (80) ~ Chloroform (61) >

CSo (46).

CS2 has the weakest IMF's and thus the lowest boiling point.
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9 Quick Tip

The presence of hydrogen bonding significantly raises the boiling point. Among non-H-
bonded species, look for the smallest molecule with the weakest (or only LDF) interac-
tions, which typically corresponds to the lowest boiling point.

57. Radioactive decay follows
) first order

) second order

) third order

D)

E)

zero order
Pseudo first order

(
(
(
(
(

Correct Answer: (A) first order

Solution:
Radioactive decay is a probabilistic process where the rate of decay is directly proportional to
the number of atoms of the radioactive substance (N) present.

The rate law is expressed as: Rate = dé: = AN.

Since the rate depends only on the concentration/amount of the reactant raised to the power
one, radioactive decay is classified as a first-order kinetic process.

¢ Quick Tip

First-order kinetics are defined by a rate that depends linearly on one reactant concen-
tration. Radioactive decay is the quintessential example of a spontaneous first-order
process.

58. In which of the following system, the number of moles of the substance present
at equilibrium not be shifted by change in the volume of the system at constant
temperature?

(A) Na(g) + 3Ha(g) = 2NHs(g)

(B) PCl3(g) + Cla(g) = PCls(g)

(C) CO(g) + 3Ha(g) = CHy(g)

(D) 2505(g) + Oa(g) = 2503(9)

(E) NO2(g) + SO2(g) = SO3(g) + NO(g) + H20(g)

Correct Answer:
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Solution:
A change in volume (pressure) does not shift the equilibrium position if the change in the
number of moles of gaseous components (Ang) is zero.

Ang = (Moles of gaseous products) — (Moles of gaseous reactants).

(A) Ang =2 — (14 3) = —2. (Shifts)
(B) Ang=1—(1+1) = —1. (Shifts)
(C) Ang =1— (14 3) = —3. (Shifts)
(D) Ang=2—(2+1) = —1. (Shifts)
(E) Ang=(1+1+1)—(141)=+1. (Shifts, assuming H2O is gas).

Since none of the given options results in Any = 0, the question is flawed and was cancelled.
If HoO in (E) were liquid, Angy = (1 4+ 1) — (14 1) = 0, making (E) the correct answer under
that assumption. However, based on the strict formula, no option satisfies the condition.

9 Quick Tip

Pressure or volume changes only affect equilibria when the gaseous stoichiometry
(Ang) is non-zero. Changing the concentration of inert gases or changing pressure
when Ang = 0 does not affect the equilibrium position.

59. Which of the following has the least atomic radius?

\%\%
B
C
N
O
F

BLoAoZzs

(
(
(
(
(

Correct Answer: (E) F

Solution:

Atomic radius generally decreases across a period in the periodic table due to an increase in
effective nuclear charge (Zeg) pulling the electron cloud closer.

The elements given (B, C, N, O, F) are consecutive elements in Period 2.

Atomic numbers: B(5),C(6),N(7),0(8),F(9).

Since Fluorine (F) has the largest nuclear charge among these, it experiences the strongest
attraction, resulting in the smallest atomic radius.
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Order of radius: B>C > N> 0O > F.

9 Quick Tip

Within a given period, the element furthest to the right (excluding noble gases) gener-
ally possesses the smallest atomic radius due to maximized effective nuclear charge.

60. Which of the following tripositive ion has smallest size?
Ce3+

Correct Answer: (E) Gd*"

Solution:
All given ions are tripositive lanthanide ions (Ln3T).

The ionic radii of lanthanide ions decrease steadily as the atomic number increases from La to
Lu. This trend is known as the Lanthanide Contraction.

The atomic numbers (Z) are: La(57), Ce(58), Nd(60), Sm(62), Gd(64).

Since Gd** has the highest atomic number among the choices, it experiences the greatest cu-
mulative effect of the contraction and thus has the smallest ionic size.

Q Quick Tip

The Lanthanide Contraction means ionic size decreases with increasing atomic number
in the 4 f series. This is attributed to the poor shielding of the 4f electrons.

61. Lanthanides (Ln) when heated with carbon at 2773K form product with general
formula
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Correct Answer: (D) LnCs

Solution:
Lanthanides react with carbon at very high temperatures (~ 2500°C) to primarily form carbide
compounds known as dicarbides.

These compounds usually have the general formula LnCs.
The structure contains the Ln®*" ion and the acetylide ion (C37).

Reaction: Ln + 2C % LnC,.

¢ Quick Tip

Lanthanides are highly reactive metals. When reacting with non-metals like carbon
at extreme temperatures, they form specific stable compounds; in the case of carbon,
LnCs is the typical structure.

62. Which of the following is an acidic oxide?
CrOg

Correct Answer: (A) CrOs

Solution:
The acidic character of transition metal oxides increases with the oxidation state of the metal.

Oxidation states in the options:
(A) CrOs: Cris in +6 state. (Strongly Acidic).
(B) CrO: Cr is in +2 state. (Basic).

(C) V20O4: V is in +4 state. (Amphoteric).

(D) V20s5: V is in +5 state. (Amphoteric, but predominantly acidic).

(E) V203: V is in +3 state. (Basic).

Since Cr is in the highest oxidation state (+6), CrOsz is the strongest acidic oxide listed, forming
chromic acid HoCrO4 upon reaction with water.
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9 Quick Tip

For d-block elements, low oxidation state oxides are basic, intermediate oxides are am-
photeric, and high oxidation state oxides are acidic. Acidic character is highest for

MVI)or M(VII).

63. The catalyst used in the Wacker process is
(A) V205

(B) PdCly

(C) TiCly with Al(CHgz)s
(D) Fe

(E) M

Correct Answer: (B) PdCly

Solution:
The Wacker process involves the industrial oxidation of ethene to ethanol (acetaldehyde).

The reaction scheme uses a catalytic system containing a Palladium salt (PdCly) as the primary
catalyst and a Copper salt (CuCly) as the co-catalyst (re-oxidant).

CoHy + PdCly + HoO — CH3CHO + Pd + 2HCL.

The primary catalyst initiating the conversion is PdCls.

Q Quick Tip

The Wacker process is a key industrial reaction that utilizes palladium catalysts to

functionalize alkenes via homogeneous catalysis.

64. The coordination number of Pt and Fe in the complexes [PtCls)?~ and [Fe(C04)3]3~
are respectively
(A) 4 and 6
(B) 6 and 6
(C) 4 and 4
(D) 6 and 8
(E) 4 and 8

Correct Answer: (B) 6 and 6
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Solution:

1. Complex [PtClg)?~:

The ligand C1™ (chloride) is monodentate (denticity = 1).

Since there are 6 chloride ligands, the Coordination Number (CN) of Pt =6 x 1 = 6.

2. Complex [Fe(C204)3]3~:
The ligand C207~ (oxalate) is bidentate (denticity = 2).
Since there are 3 oxalate ligands, the CN of Fe = 3 x 2 = 6.

The coordination numbers are 6 and 6.

9 Quick Tip

Coordination number is determined by the number of donor atoms bound to the cen-
tral metal ion. Be careful to multiply the number of ligands by the ligand’s denticity (1
for monodentate, 2 for bidentate, etc.).

65. The IUPAC name of HOCH>(CH3)3CH2COCHj3;
) 2-oxo-heptan-7-ol

) 7-hydroxyheptan-2-one

) hydroxyheptan-6-one
)
)

Correct Answer: (B) 7-hydroxyheptan-2-one

Solution:
The structure is HO — CHy — CHy — CHy — CHy — CHy — CO — CHj3.

It is a 7-carbon chain containing an alcohol (OH) and a ketone (C = O).
The ketone functional group has higher priority than the alcohol group, so the suffix is "-one’.

Numbering starts from the end closer to the ketone:

7OH)—-6—-5-4—-3-2(C=0)— 1.
The parent chain is Heptan-2-one.
The alcohol group is a substituent, named "hydroxy’, located at C-7.

IUPAC Name: 7-hydroxyheptan-2-one.
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9 Quick Tip

[UPAC Priority Order (Highest to Lowest): Carboxylic acid > Ester > Amide > Ni-
trile > Aldehyde > Ketone > Alcohol > Amine. The highest priority group determines
the suffix.

66. Which of the following statement is incorrect with Kolbe’s electrolytic method?
) It gives an alkane with even number of carbon atoms at the anode.

) At anode decarboxylation and formation of methyl radical occurs.

) Methane cannot be prepared by this method.

D) At anode acetate ion accepts electrons to give acetate free radical.

E) At cathode hydrogen gas is liberated.

(
(
(
(
(

Correct Answer: (D) At anode acetate ion accepts electrons to give acetate free radical.

Solution:
Kolbe’s electrolysis reaction at the anode is an oxidation process:

IRCOO~ =2, 9RCOO- — 2R - +2C05 — R-R

At the anode, the carboxylate ion RCOO™ loses (donates) an electron to form the free radical
RCOO-..

Statement (D) claims the acetate ion ACCEPTS electrons (reduction), which is the opposite
of the actual process (oxidation) occurring at the anode.

Therefore, statement (D) is incorrect.

9 Quick Tip

Oxidation is the loss of electrons (anode), and reduction is the gain of electrons (cath-
ode). In Kolbe’s electrolysis, the carboxylic acid derivative is oxidized at the anode.

67. Which of the following substitution reaction with methane requires HIO3 as
an oxidising agent?

(A) Chlorination
(B) Bromination
(C) Iodination
(D) Fluorination
(

)
E) Friel-Crafts acylation
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Correct Answer: (C) lodination

Solution:
Todination of methane is a free radical substitution reaction:

CH4 + 15 = CHsl + HI

This reaction is highly reversible because the product, HI (Hydrogen Iodide), is a strong re-
ducing agent that reacts readily with the iodomethane (CHsl) to reverse the reaction.

To push the reaction forward, an oxidizing agent (HIO3 or HNOj3) is used to remove the HI
byproduct:

5HI + HIO3 — 315 4+ 3H20.

Thus, Iodination requires an oxidizing agent.

@ Quick Tip

Halogenation reactivity follows Fo > Cly > Brg > Is. Fluorination is explosive, and iod-
ination is reversible, requiring an auxiliary oxidizing agent to remove the HI byproduct.

68. The reagents and conditions (X) required for the following conversion: Chloroben-
zene — Phenol

Cl OH

(A) X = H50,623K,300atm & H™

(B) X = KOH, 443 K, 100 atm & H

(C) X = NaOH, 368 K, 300 atm & H*

(D) X = warm, HoO & HT

(E) X = NaOH, 623 K, 300 atm & H™

Correct Answer: (E) X = NaOH, 623K, 300atm & H"
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Solution:
The conversion of chlorobenzene to phenol is a nucleophilic aromatic substitution (Dow process).

Aryl halides are resistant to substitution due to the partial double bond character of the C-Cl
bond and electron repulsion from the ring.

The reaction requires severe conditions to force the OH™ substitution:

1. Treatment with aqueous NaOH at high temperature (623 K) and pressure (300 atm) yields
sodium phenoxide.

2. Subsequent acidification (H') protonates the phenoxide to form phenol.

1.NaOH,623K,300atm

+
C(;H5Cl > C6H5ONa 2—H——> C6H5OH.

9 Quick Tip

Recognize that substituting a halogen directly attached to an aromatic ring requires
extremely harsh conditions (high T/P with a strong base) unless activating groups (like
NO3) are present on the ring.

69. Which of the following statement is incorrect?

(A) (-)-2-bromooctane reacts with NaOH gives (+4)-octan-2-ol by Sn2 reaction.

(B) 2-Bromobutane reacts with NaOH gives racemic mixture by Sx1 reaction.

(C) B-elimination of 2-bromopentane gives pent-1-ene as major product.

(D) The hybridization of the carbon in the intermediate formed in Sx1 reaction is sp?.
(E) Primary alkyl halide undergoes Sy2 faster than secondary alkyl halide.

Correct Answer: (C) [-elimination of 2-bromopentane gives pent-1-ene as major product.

Solution:
Statement (C) concerns S-elimination (E2 reaction).

According to Saytzeft’s Rule, the major product in dehydrohalogenation is the most substituted
alkene (the one with the fewest hydrogens on the double bond carbons).

2-bromopentane can eliminate HBr to form:
1. Pent-2-ene (internal, major product).

2. Pent-1-ene (terminal, minor product).

The statement incorrectly identifies pent-1-ene as the major product.
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(A), (B), (D), and (E) are all correct descriptions of Sx1, Sn2, and hybridization rules.

9 Quick Tip

The key to elimination reactions is Saytzeff’s rule: the most stable (most substituted)
alkene is formed preferentially. Pent-2-ene is more stable than pent-1-ene.

70. Compound X’ (CsHgO) reacts with aqueous NaOH to give compound ’Y’. ’Y’
reacts with CQO; followed by acidification to give compound ’Z’. The compounds
X, Y and Z are respectively

(A) benzene, phenol, salicylaldehyde

(B) phenol, benzene, benzoic acid

(C) phenol, sodium phenoxide, benzophenone

(D) benzaldehyde, sodium phenoxide, salicylic acid

(E) phenol, sodium phenoxide, salicylic acid

Correct Answer: (E) phenol, sodium phenoxide, salicylic acid

Solution:
1. Compound X (CgHgO) is Phenol.

2. Phenol (X) reacts with aqueous NaOH (a strong base) to form the salt Sodium Phenoxide
(Y).
CoH50H + NaOH — CgH50ONa (Y).

3. The reaction of Sodium Phenoxide (Y) with COgy followed by H' is the Kolbe-Schmitt
reaction, which yields Salicylic Acid (o-hydroxybenzoic acid) (Z).

X = Phenol, Y = Sodium Phenoxide, Z = Salicylic Acid.

Q Quick Tip

The Kolbe-Schmitt reaction is specifically used to synthesize Salicylic Acid from Phe-
noxide and Carbon Dioxide, acting as a crucial C-C bond formation reaction in aro-
matic chemistry.

71. The decreasing order of basic strength in aqueous solution of amines is
(A) Dimethylamine > Methylamine > Trimethylamine > Ammonia
(B) Methylamine > Dimethylamine > Trimethylamine > Ammonia
(C) Trimethylamine > Dimethylamine > Methylamine > Ammonia
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(D) Ammonia > Trimethylamine > Dimethylamine > Methylamine
(E) Ammonia > Dimethylamine > Trimethylamine > Methylamine

Correct Answer: (A) Dimethylamine > Methylamine > Trimethylamine > Ammonia

Solution:
Basic strength of amines in aqueous solution depends on inductive effect (+7) and solvation
effects.

For methyl substituted amines, the order is determined by a balance of these two opposing
factors.

The established experimental order for methyl amines in water is 2° > 1° > 3°.
2° amine: Dimethylamine (CHz)oNH.

1° amine: Methylamine (CH3NH3).

3° amine: Trimethylamine (CHz)3N.

Ammonia (NH3) is less basic than any methyl amine.

Decreasing order: Dimethylamine > Methylamine > Trimethylamine > Ammonia.

Q Quick Tip

The order of basicity for alkylamines in aqueous solution is generally secondary > pri-
mary > tertiary due to optimized solvation and inductive stabilization of the conjugate
acid.

72. The melting point of g-form of crystalline glucose is
A) 473 K
B) 303 K
C) 423 K
D)
E)

371 K

(
(
(
(
(E) 503 K

Correct Answer: (C) 423 K

Solution:
The crystalline 5-D-Glucose form is known to have a melting point of approximately 150°C.
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To convert Celsius to Kelvin, we use T'(K) = T'(°C) + 273.

T(K) = 150 + 273 = 423 K.

Q Quick Tip

a-D-Glucose and §-D-Glucose are anomers with distinct physical properties, including
melting points (419 K and 423 K, respectively).

73. Kjeldahl method can be used to estimate nitrogen in
(A) azobenzene
(B) aniline

(C) o-nitrophenol
(D) nitrobenzene
(E) pyridine

Correct Answer: (B) aniline

Solution:
The Kjeldahl method estimates nitrogen content by converting nitrogen compounds into am-
monium sulfate using concentrated sulfuric acid.

This method fails for compounds where nitrogen is:
1. In a nitro (-NOz) group (C, D).

2. In an azo (-N = N-) group (A).

3. In a heterocyclic ring (E).

Aniline (CgH5NHz) contains nitrogen in a primary amino group, which is quantitatively con-
verted to ammonium sulfate.

Therefore, aniline can be estimated by the Kjeldahl method.

9 Quick Tip

Kjeldahl’s method is reliable for amino and amido nitrogen but fails for nitro, azo, and
cyclic nitrogen compounds because they are not easily converted to ammonium sulfate
under standard conditions.

74. Which of the following vitamin deficiency causes increased fragility of RBCs
and muscular weakness?
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(A) Vitamin A
(B) Vitamin By
(C) Riboflavin
(D) Vitamin D
(E) Vitamin E

Correct Answer: (E) Vitamin E

Solution:
Vitamin E (Tocopherols) acts as a lipid-soluble antioxidant, protecting cell membranes (includ-
ing those of red blood cells, RBCs) from free radical damage and oxidative stress.

Deficiency of Vitamin E impairs this protection, leading to increased oxidative damage and
premature rupture (fragility) of RBCs, resulting in hemolytic anemia.

It is also associated with muscular weakness (myopathy) and neurological issues.

9 Quick Tip

Vitamin E is the main lipid-soluble antioxidant. Deficiency results in RBC damage
(hemolysis) and muscle degeneration, directly linking its antioxidant role to membrane
integrity.

75. Which of the following is the most reactive in aromatic electrophilic substitu-
tion reaction?

(A) Benzene

(B) Chlorobenzene

(C) Phenol

(D) Benzaldehyde

(E) Nitrobenzene

Correct Answer: (C) Phenol

Solution:
Reactivity in Electrophilic Aromatic Substitution (EAS) depends on the electron-donating or
electron-withdrawing nature of the substituent.

Strong activating groups increase electron density in the ring, speeding up the reaction.

Phenol (-OH) is a strong activating group via the powerful resonance/mesomeric effect (+M).
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Benzene (A) is the reference point.
Chlorobenzene (B) is weakly deactivating.
Benzaldehyde (D) and Nitrobenzene (E) are strong deactivating groups (—M effect).

Phenol is highly activated and thus the most reactive.

@ Quick Tip

Strong activating groups like -OH and -NHs stabilize the cationic intermediate of EAS
reactions, leading to high reactivity. Deactivating groups (-NOz,-CHO) slow down the
reaction.

76. Let A, B, C denote the set of students in a college who play football, basketball
and cricket respectively. If n(A) = 60, n(B) = 55, n(C) = 70, n(AU BUC) = 100 and
n(ANBNC) = 20, then the number of students who play exactly two of these sports

Correct Answer: (B) 45

Solution:
Let N1 =n(A) +n(B) +n(C) =60 + 55+ 70 = 185.

Let No =n(ANB)+n(BNC)+n(ANC).
Let N3 =n(ANBNC)=20.

Using the Principle of Inclusion-Exclusion for n(AU B U C):
TL(AUBUC) = Ny — Ny + Ns.

100 = 185 — Ny + 20.
100 = 205 — Na.

Ny =205 — 100 = 105.
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The number of students who play exactly two sports (Nexactly 2) is found by subtracting three
times the ’all three’ count from the sum of the pair intersections:

Nexactly 9 = No —3 x N3,

Nexactly 2 =105 — 3 x 20.
Nexactly 9 = 105 — 60 = 45.

Q Quick Tip
In set theory problems involving 'exactly k sets’, use the formula Nexactly 2 = [n(A N
B)+n(BNC)+n(ANC)] —-3xn(ANBNCQC).

77. Let f(x) = v4— 122, g(x) = Va2 — 1. Then the domain of the function h(z) =
f(z) + g(x) is equal to

(B) (—OO, _2] U [27 OO)
(C) [_27 _1]

(D) [-2,-1JU1,2]
(E) [1,2]

Correct Answer: (D) [-2,—1] U1, 2]

Solution:
The domain of h(x) = f(x) + g(z) is the intersection of the domains of f(x) and g(z).

1. Domain of f(x) = V4 — 22: Requires 4 — 2% > 0.
12 <4 = —2<z<2 Dj=[-2,2].

2. Domain of g(x) = V&2 — 1: Requires #2 — 1 > 0.
?2>1 = z<-lorz>1 Dy=(—00,—1]U[l,00).

3. Intersection Dy, = Dy N Dy:
We find the common interval:  must be in [—2,2] AND either z < —1 or z > 1.
This yields [—2, 1] U [1,2].

9 Quick Tip

The domain of a sum of functions is the intersection of their individual domains. For
square root functions, always ensure the expression under the radical sign is greater
than or equal to zero.
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78. The range of the function f(z) =8+ x —5 is
A) (—o00,5]
) [5, )
) (—00,5] U [8,00)
) [5, ]
) [

(
(
(
(
(E) [8,00)

0o aQ®

Correct Answer: (E) [8,00)

Solution:
For the function f(z) =8+ +/x — 5 to be real, the domain requires z — 5 > 0.

The value of the square root term is always non-negative: v/z — 5 > 0.
The minimum value of v/z — 5 is 0, which occurs at = = 5.

The minimum value of f(x) is fin =8+ 0= 8.

Since v/z — 5 can increase indefinitely as x increases, f() approaches oo.

The range of the function is [8, 00).

Q Quick Tip

For transformations of the basic square root function /x: the function f(x) = a +
v — b has a minimum value of @ and a range of [a,00) (assuming the coefficient of the
root is positive).

79. If x satisfies the inequality —3 < % + —T&r < 6, then z lies in the interval
11 7

(A) [_§7 g)

o)

(C> <§’1_:|7

(E) (3. 3]

Correct Answer: (A) [—%, %)

Solution:
The inequality is written as: —3 < % < 6.
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Multiply all parts by 2:
—6<1-—3z <12

Subtract 1 from all parts:
—-6—-1<-3x<12—-1.
—7 < —=3x < 11.

Divide all parts by —3 and reverse the inequality signs:

-7 11

Writing this in standard interval notation:

)
9 Quick Tip

Compound linear inequalities are solved by applying the same operation (addition, sub-
traction, multiplication, division) to all three parts simultaneously. Remember to re-
verse inequality signs when multiplying or dividing by a negative number.

80. Let f(x) = 622 + 9z + 10 and g(z) = 22 — 92 — 9. Then the value of (f o g)(10) is
equal to
(A) 10

Correct Answer: (C) 25

Solution:
We evaluate the composite function (f o ¢)(10) as f(g(10)).

First, calculate ¢(10):
g(10) = (10)? — 9(10) — 9.
9(10) = 100 — 90 — 9 = 1.

Next, calculate f(1):

f(1) =6(1)% +9(1) + 10.
f(1)=6+9+10=25.
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9 Quick Tip

Function composition evaluation starts from the inside out: calculate the value of the
argument function first, then substitute that result into the external function.

81. If the complex number 2z = /2\—]: lies on the line y = = of the first quadrant, then
the value of )\ is equal to

(A)3

(B) =3

(C) 2

(D) —2

(E) 0

Correct Answer: (B) —3

Solution:
If 2 = a + bi lies on the line y = x, then the real part must equal the imaginary part (a = b).

First, simplify z:
240, A—i 22 —2i+ i3>

FENA NS T T
22D +F(A—2)i
z= PR :

Set the real part equal to the imaginary part:
22+1 . A=2
A24+1 T A241

Since A2 + 1 # 0, we equate the numerators:
2A+1=X-2
A= -3

(Checking the quadrant: If A = =3, z = (=5 + —5i)/10 = —0.5 — 0.5¢, which is in the third

quadrant. However, A = —3 is the unique solution for a = b.)

9 Quick Tip

Rationalization is key for complex number division. Remember that z lies on the line
y = x if its argument is 45°, implying Re(z) = Im(z).

82. Let z = = + iy, where y > 0. If z+ z =6 and |z| + |z| = 10, then z =
(A) 3+ 2i
(B) 3 + 5
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(C) 3+ 3i
(D) 3+ 4i
(B) 3+iV5

Correct Answer: (D) 3 + 4i
Solution:

Given z = x + 1y and Z = x — iy.
1. Use 24+ 2z =6:

(x +iy) + (v — 1y) = 2x = 6.
r = 3.

2. Use |z| + |z| = 10. Since |z| = |z| = /22 + y%

2|z| =10 = |z| =5.

3. Square the magnitude and substitute x = 3:
2?2 +y* = 5% = 25.

3%+ y? = 25.
9+1y? =25 = y%=16.
y = +4.

Given the condition y > 0, we select y = 4.
z =3+ 4.

9 Quick Tip

The sum of a complex number and its conjugate is twice its real part (z 4+ z = 2z). The
sum of their magnitudes is twice the magnitude (|z| 4 |Z] = 2|z]).

83. If the complex number 2+ is rotated through an angle 90° in the anti-clockwise
direction about the origin in the complex plane, then the resulting complex num-
ber is

(A)2—i

Correct Answer: (C) —1+ 2i
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Solution:

Let z = 2 4+ 7. Rotation by 90° anti-clockwise about the origin is achieved by multiplying z by
the rotation factor ¢ = .

The resulting complex number 2’ is:

2 =z-i=(2+1)i.

2= 2i +i%

Since 2 = —1:

7= —1+2i.

Q Quick Tip

Geometric operations in the complex plane correspond to algebraic operations: Rota-
tion by 90° is multiplication by ¢, scaling is multiplication by a real number k.

84. The number of positive integers that have at most seven digits and contain
only the digits 0 and 9 is

Correct Answer: (B) 127

Solution:
The integers must be positive, so the leading digit cannot be 0. The allowed digits are {0, 9}.
” At most seven digits” means 1-digit, 2-digits, ..., up to 7-digits.

For an N-digit number, the first digit must be 9 (1 choice). The remaining N — 1 digits can
be 0 or 9 (2V~1 choices).

Total count S:

N =1: 2171 = 1. (Number 9)
N =2 22"1=29
N=3:231=4

N =7 271 = ¢4,

S=1+2+4+8+16+32+64,
This is a geometric sum: S = 1(5__11) =128 —1=127.
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9 Quick Tip

The sum of powers of two 20 +21 4 ... 427~ i5 27 _ 1. This simplifies counting subsets
or sequences based on binary choices.

85. The sum of first 20 terms of the G.P /3 + % + ﬁg + ﬁg + ... is equal to
(A) 4 (51)
8) 4 (5
(©) ¢ (%)
(D) % (%)
() ¥ (4!

Correct Answer: (A) \/Tg (%)

Solution:
First term a = v/3. Number of terms n = 20.

) _-1V3
Common ratio r = N
Sum formula S,, = a(i::n).

V3(1-(-1/3)*)
- I=(=13)
V3(1-1/3%)

73

S =2 (1= gh).

Sop =
Sa0 =

Combine the terms in the parenthesis:

20
Sop = %g (33231>-
Simplify by dividing 3 in the numerator by 3?° in the denominator: 3/32° = 1/3%9.
Soo = 2 (—320_1>
0 1 319 -

9 Quick Tip

In summation problems involving large exponents, algebraic manipulation is necessary
to simplify the result. Use the property a™/a™ = a™™".
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86. Let A ={1,3,5,7,...,21}. The number of ways 4 numbers, containing always 11,
can be selected from the set A is equal to

Correct Answer: (A) 120

Solution:
The set A is an arithmetic progression of odd numbers: 1,3,5,...,21.
The number of elements n(A) is given by % +1=104+1=11.

We must select 4 numbers, and 11 is mandatory.
We need to choose 4 — 1 = 3 more numbers from the remaining 11 — 1 = 10 numbers in A.

The number of ways is °Cs.

10 _ 10! _ 10x9x8 __
C3 = 371 = Sxoxt — 10x3 x4

10¢y = 120.

9 Quick Tip

Problems involving selection of a fixed size set where specific elements are required are
solved by reducing both the total number of items and the required selection size be-
fore calculating combinations.

87. The relation R in the set of integers 7 is given by R = {(a,b) : b = 2a+ 3}. Then
the relation R is

(A) reflexive, symmetric and transitive

(B) neither reflexive nor symmetric nor transitive

(C) not reflexive but symmetric and transitive

(D) reflexive and symmetric but not transitive

(E) reflexive but not symmetric and transitive

Correct Answer: (B) neither reflexive nor symmetric nor transitive

Solution:
Relation R : b = 2a + 3.
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1. Reflexive check (aRa): a = 2a + 3.
a = —3. Since this is not true for all a € Z (e.g., 1 # 2(1) + 3), R is NOT reflexive.

2. Symmetric check (If aRb, then bRa): If b = 2a + 3, is a = 2b + 37
Example: (0,3) € R since 3 = 2(0) + 3.
For symmetry, (3,0) must be in R, meaning 0 = 2(3) +3 = 9. False. R is NOT symmetric.

3. Transitive check (If aRb and bRc, then aRc):
c=20+3=2(2a+3)+3=4a+09.

For transitivity, we need ¢ = 2a + 3.

Since 4a + 9 # 2a + 3 generally, R is NOT transitive.

The relation is neither reflexive nor symmetric nor transitive.

Q Quick Tip

When testing properties of relations, using specific integer examples (like a = 0 or a =
1) is often faster than performing the algebraic general proof or disproof.

88. The value of the sum S = Z m is equal to
(A) 55
®)
© 8
i
(D) g—
(E) 35

Correct Answer: (C) g—g

Solution:
Using partial fraction decomposition: m = ﬁ — kL—kQ

The sum is S = Ziil (kL—H - kLH)

If the summation started at k = 1, the result is S = % — % = % = %—g

*To match the keyed answer (C: 49/50), we must assume the summation intended to start at
k = 0 instead of £k =1 (a common typo).*

: 1 48 1 1.
Assuming S' = k:O(k:+1 k+2)'

S=(-DrG-D++ G- )

©
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This telescoping sum cancels to the first term minus the last term:

/1 1 _ 50-—-1
S =1-5="%
! 49
S =5

Q Quick Tip

In a telescoping series Zz:a(f(k:) — f(k+1)), the sum is f(a) — f(b+ 1). Be aware of
potential starting index errors when a solution appears to match an adjacent result.

89. If the G.M. of the numbers 2 and « is 16, then the A.M. of these two numbers
is equal to

Correct Answer: (E) 65

Solution:
The geometric mean (GM) of 2 and « is v/ 2a.

16 = V2.

Square both sides to find a:
162 = 2a.
256 = 2a — a = 128.

The arithmetic mean (AM) of 2 and « is 252,

_ 24128 _ 130
AM = 2128 _ 130,

AM = 65.

9 Quick Tip

Always remember the definitions: AM = (a 4 b)/2 and GM = v/ab. Often in problems
like this, finding the unknown term is the first crucial step.
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90. Let a = "2 5 =1,2.3,.... If ap
equal to
(A) 6
(B) 7
(C) 8
(D)9
(E) 10
Correct Answer: (C) 8
Solution:
Set a, equal to the given value:
m(m—5) _ 12
m+2 5"
Cross-multiply:
bm(m —5) = 12(m + 2).
5m? — 25m = 12m + 24.
Form a quadratic equation:
5m? — 37Tm — 24 = 0.
Factorize the quadratic equation:
5m? — 40m + 3m — 24 = 0.
bm(m — 8) + 3(m — 8) = 0.
(5m 4+ 3)(m — 8) = 0.
Possible values for m are m =8 or m = —3/5.

_ 12
- 5

for some m, then the value of m is

Since m must be a positive integer (n = 1,2,3,...), we choose m = 8.

9 Quick Tip

Sequence index problems often lead to quadratic equations. Always discard non-integer
or negative solutions if the index n is defined as a natural number.

91. In the binomial expansion of (\/E —

21
—21
4
—14
7

A
B
C

= I
—_

(A)
(B)
(©)
(D)
(E)

3

x3

)7, the constant term is
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Correct Answer: (B) —21

Solution:
The general term 71,41 is "Cra™ "b". Here n = 7,a = 212 b= —3273.

Tri1 = 7Cr(:l:1/2)7;:(—3:(:_3)’“.
Try1 = "Cr(=3)"zz 73"

For a constant term, the exponent of x must be zero:

%—37’:0.
T—r—6r=0 = 7—7r=0.
r=1.

The constant term is 1141 = Tb.
Ty = 701(—3)1300.
T, =7x(—3)=—-21

9 Quick Tip

Pay attention to signs: when r is odd, the sign of T, in the expansion of (a — b)™ is
negative. Here r = 1, so the term is negative.

Correct Answer: (A) 50 (32)

Solution:
We use the absorption identity: r(7) = n(ﬁj)
Here n = 50 and r = 23.

23(55) = 50(551)-

Now, we use the symmetry property: (Zf) = ( " )

(1) = (%) = (12).
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Substituting back:
23(33) = 50(37)-

9 Quick Tip

Simplify expressions involving r(:f) first using the identity n(?ii), then apply the sym-
metry rule (') = ("

, ) if necessary to match the options.

93. Let p(z) = 1+ 2+ 2%+ + 2191 -2+ 22— 23+ .- + 2'%). Then the sum of all
coefficients of p(z) is equal to

(A) 121

(B) 66

(C) 11
(D)
(E)

10
0

Correct Answer: (C) 11

Solution:
The sum of all coefficients of a polynomial p(z) is found by evaluating p(1).
p1)=(1+1+12 4 + 1101 - 14+12 1% 4 ... +110),

Let A= (14+a+22+---+ 9. A(1) has 11 terms, each equal to 1.
A1) = 11.

Let B=(1—2+ 2% 23+ +21%). B(1) has 11 terms, alternating signs.
B1)=1-1+41-141-1+41-1+1-1+1=1.

p(1) = A(1) x B(1) =11 x 1 = 11.

Q Quick Tip

The sum of coefficients of p(x) is always p(1). If p(z) is a product of two polynomials,
p(x) = A2)B(z), then p(1) — A(1)B(1).

ar b1 a a1 2bp 4q
94. Let A= |ag by c¢2| and B = |2as 4by 8ca |. If |B| = 16, then the value of |A| is
as b3 C3 4&3 8b3 1603

equal to
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(A) 4
(B) &
(C) 8
(D) &
(E) 16

Correct Answer: (B)

AN

Solution:
We analyze how matrix B is obtained from A.

1. Scaling columns in A: Co — 2C5, C3 — 4C3. Determinant is multiplied by 2 x 4 = 8.

2. Scaling rows in the resulting matrix: Ry — 2Rs, R3 — 4R3. Determinant is multiplied by
2x4=8.

Overall determinant relation: |B| = (2 x 4) x (2 x 4)|A| = 64|A].

Given |B| = 16.
16 = 64| A].

A==}

9 Quick Tip

If a determinant has multiple rows/columns scaled by factors k;, the total determinant
is the original determinant times the product of all scaling factors applied to individual
rows or columns.

95. If A is an invertible matrix and satisfies the equation 542 — 44 — 7] = 0, where
I is the identity matrix and 0 is the zero matrix, then 747! =

(A) 5A — AT
(B) 44 — 71
(C) TA—51
(D) 44 — 51
(E) 54 — 71

Correct Answer: (A) 5A —41

Solution:
Given equation: 5A% — 44 — 71 = 0.
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Since A is invertible, multiply the entire equation by A~!:
ATN(5A4%) — A71(4A) — A7 (7)) = A7H(0).

Using A 1A =1 and A711 = A1
5(ATA)A —4(A7TA) — 747 = 0.
5IA—4] —7A71 =0.

5A —4I —7A71 = 0.

Rearranging to solve for 7A~1:
7TA™l =5A—4I

@ Quick Tip

When manipulating matrix polynomial equations to find the inverse A~!, ensure the
matrix A is invertible. The resulting A~! will be expressed as a linear combination of
A and the identity matrix I.

ladj A|

96. Let A be a 3 x 3 matrix with |A| = 7. If B = 34, then the value of |ii3|

to

is equal

—~

NN N N

HoqQwe
— — — —
13|»>w|\w|@©|\1w|\1

Correct Answer: (D) 2—77

Solution:
Ais a 3 x 3 matrix (n = 3). |A4| =T.

1. Calculate |adj Al:
ladj A| = |A["7! = |[AP~ = |A]? = 7% = 49.

2. Calculate | B| where B = 3A:
|B] = [3A] = 3"|A| = 3| A.
|B| = 27 x 7 = 189.

3. Calculate the ratio ‘a%‘m:

Ratio = %.

Divide numerator and denominator by 7:
Ratio = 2—77
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9 Quick Tip

The key to efficiency is knowing the determinant properties for matrix multiplication
by a scalar (|kA| = k"|A|) and the determinant of the adjoint matrix (Jadj A| =
A1),

-7 3

97. IfA:(3 5

81

>, then det(A*) is equal to

Correct Answer: (D) —243

Solution:

Given,

First find the determinant of A:
det(A) = (-7)(-1)—-3)(3)=7—-9= -2

Using the determinant property,
det(A™) = (det A)"

Therefore,
det(AY) = (=2)4 =16

det(A*) = 16

9 Quick Tip

Always apply the rule det(A™) = (det A)". If the result is inconsistent with options,
recheck the determinant calculation, but rely on the established property for the opera-
tion.

98. The means of two samples of size 30 and 40 are 35 and 42 respectively. Then
the mean of the combined sample of size 70 is
(A) 36
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S  — —
w W w
© 0

Hoaw
W
(e}

Correct Answer: (D) 39

Solution:

We use the formula for the combined mean (Zcomp):

= _ M1T1+N2T2
i = "
comb N1+

n1 = 30,21 = 35. ng = 40,20 = 42. ny 4+ no = 70.

- 30x35)+(40x42
Lcomb = ( )70( )
- __ 105041680
Teomb = — =75 -
= __ 2730 __ 273
Teomb = 75 = 7
Teomb = 39

9 Quick Tip

When combining samples, the mean is a weighted average where the weight is the size
of each sample. Avoid simply averaging the means unless the sample sizes are equal.

99. The standard deviation of a data set x,z2,...,29 (z; > 0) is 2. If Z?:l z? = 360,
then the mean of the data set is

(A) 4

B) 6
C

D
E

P

8
10
12

— — — —

Correct Answer: (B) 6

Solution:
Standard deviation o = 2, so variance o2 = 4.
Number of observations N = 9. Sum of squares > x2 = 360.
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The variance formula related to the mean (7) is:

=4 - @)

Substitute the known values:

4=30_ ()%

4 =40 — (7)2.

Solve for ()2:
(z)? =40 — 4 = 36.
T =6 (since x; > 0, the mean must be positive).

¢ Quick Tip

The variance calculation 02 = E(z%) — (E(z))? is crucial. Ensure correct application of
summation notation: > x7/N is E(2?), and 7 is E(z).

100. If two dice are rolled simultaneously, then the probability that the difference
of the numbers on the two dice equals to zero is

(A
(
(
(
(

SRYNOR R
— — — — \_/
g

=

Correct Answer: (E)

Solution:
Total possible outcomes N =6 x 6 = 36.

The difference of the numbers is zero when both dice show the same number.
Favorable outcomes E: {(1,1),(2,2),(3,3),(4,4),(5,5),(6,6)}.
Number of favorable outcomes n(E) = 6.

. E 6
Probability P(F) = ng\,) = a5
P(E) = 3.

(&)

9 Quick Tip

Always simplify fractions in probability problems. The probability of rolling matching
numbers on two standard dice is always 6/36 = 1/6.
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101. Let A and B be two events. If P(A) = 0.49, P(B) = 0.3 and P(A|B’) = 0.4, then
P(AN B) is equal to
(A) 0.45

Correct Answer: (D) 0.7

Solution:

Given:

P(A)=0.49, P(B) =0.3, P(A|B’) =04.
First, find the probability of the complement of B:

P(B)=1-P(B)=1-03=0.7.
Using the definition of conditional probability,

P(ANB)
P(AB" = ———2
(AIBY) = 55
Substituting the given values,

P(ANn B

Now, using the relation

P(A)=P(ANB)+ P(ANB'),
we get

P(ANB) = P(A) — P(ANB') = 0.49 — 0.28 = 0.21.

Thus, mathematically,
P(ANB)=0.21.

9 Quick Tip

Remember the partitioning rule: the probability of event A is the sum of probabilities
of A occurring with B and A occurring with B’ (P(A) = P(AN B) + P(AN B')).
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102. tanx — cot = + cosecxsecx =
A) 2tanz

2 cosec x sec x

2tanxsect

(
(
(C
(
(

Correct Answer: (A) 2tanz

Solution:
Start by expressing all terms in terms of sine and cosine:
__ sinx _ cosz 1 1

tanx — cot x + cosecxsecx = cosT i + ST cosa-
Combine the terms:
_ sin’z—cos’x + 1
" sinxcosz sinzcosz’

2 2

Use the identity cos*x =1 —sin” x:

_ sin®z—(1—sin® z)+1

2smwco&x : )
_ 2sin“x—141 __ 2sin“zx
sin x cos x sinxcoszx"’

Simplify the expression:

__ 2sinxz __
=<5, — 2tanuz.

9 Quick Tip

When simplifying trigonometric expressions, converting everything to sine and cosine
and looking for common identities (sin2 x4+ cos?z = 1, double angle formulas) is usually
the most effective strategy.

103. The value of tan (cos_1 (—g—g)) is equal to
) 91

| l\)

ﬂl%lﬂ“l*

(A
(B
(C) —
(D
(E

— — — —

ol

B~

Correct Answer: (B) —

Solution:
Let 6 = cos™! (—2—4).
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! is negative, 6 lies in the second quadrant (§ < 6 < ).

Since the argument of cos™
In the second quadrant, cosf = —% (adjacent /hypotenuse), and tan # must be negative.

We find the opposite side y using the Pythagorean theorem:

y= /257 — (—247 = \/625 =576 = VAD = 7.

We want to find tand. In the second quadrant, tan = —nga(f;i.
_ 7
tanf = —5;.
9 Quick Tip

When dealing with inverse trigonometric functions involving negative values, identify
the correct quadrant for the angle. For cos™'(—x), the angle is in Quadrant II, where
sine is positive and tangent is negative.

104. If sint + cost = v/2, then tant + cot ¢ is equal to

EICIECE
DO pojowoles — nol—

(
(
(
(
(

Correct Answer: (E) 2

Solution:
Given sint + cost = v/2.

Square both sides of the equation:
(sint + cost)? = (v/2)2.
sin?t + cos?t + 2sint cost = 2.

Using the identity sin?¢ + cos?t = 1:
1+ 2sintcost = 2.
2sintcost = 1.

sintcost = %

Now evaluate tant + cot t:
tant + cot { — Sint 4 cost _ sin®t+cos’t
1

cost sint sint cost

" sintcost”
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Substitute the value of sin ¢ cos t:
1

— 12

9 Quick Tip

Recognize that tant 4 cott = m If given sint + cost, squaring the expression

always leads to a value for sint cost.

105. cosecx + cotx =

N~—
-+
o
=

—~
IS
~—

—  — —

e e

o O

wn -+
A~
|8 IR IR
— e ——

w0

=

=
—
IS

Correct Answer: (C) cot (%)

Solution:
Express cosec x + cot x in terms of sine and cosine:

1 cost __ l+cosx
cosecT +cotr = 5=+ 557 = wna -

Use the half-angle trigonometric identities:
1 + cosx = 2cos? (%)
sinx = 2sin (%) cos (%)

Substitute these identities:
. 2 cos?(x/2)
" 2sin(z/2) cos(z/2) "

Cancel out common terms 2 cos(x/2):
_ cos(x/2) _
(e = ot (3).

9 Quick Tip

The fundamental identities 2E€5L = cot(z/2) and =822 = tan(z/2) should be memo-

rized as they frequently appear in simplification problems.

106. The value of sin (2 cos™! (%) +sin~! (%)) is equal to
(A)
(B)

Slesle
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Correct Answer: (A) £

Solution:
Let a = cos™! (1%) and § = sin~! (1%)

We use the identity cos !z 4+ sin~!z = 5

The expression is £ = sin(2a + f).
E =sin(a+a+f).

wolor

SN—
Il

B

Since o+ 3 = cos™! () + sin~! (
E = sin (a + %)

Using the identity sin(¢ 4+ §) = cos 6:
E = cosa.

Since o = cos™! (%), we have:
E = cos (Cos_1 (1—52)) = 1%

9 Quick Tip

Look for opportunities to simplify complex inverse trigonometric expressions using the
identity sin "'z +cos™ 'z =7 /2. Then, use quadrant rules or co-function identities like
sin(f + 7/2) = cos .

Correct Answer: (D)

B

Solution:
We use the identity cot 'z = tan~!(1/x) and simplify the sum of the first two terms using
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- - —1( =+
tan~! 2 4+ tan~!y = tan 1(%)

Convert the third term: cot—! (%) = tan 1 (%)

Sum of first two terms S5:

_ 1/342/3
So = tan~! <W) —

t
Sy = tan~! <%) — tan~! (%)

The total expression FE is:

E =8y +cot™! (%) = tan~ ! (%) +cot™! (%)
: : : -1 -1, _ =

Using the identity tan™" x + cot™ " x = 3:

E=1.

Q Quick Tip

Always use the reciprocal identity cot™'z = tan~!(1/x) to convert cot™! terms into
tan~! when possible. The identity tan™'z + cot™'2 = 7/2 is crucial for simplifying
sums of two inverse functions with the same argument.

108. Let 211:5:1 sin(t) = 0 and Ziil sin(3tg) = —%, where t1,19,t3,... are real num-
bers. Then the value of the sum S = lele sin®(;) is equal to
(A)

[T

8538

oo

Correct Answer: (B)

Solution:
We use the trigonometric identity for sin(36):
sin(30) = 3sin @ — 4sin® 6.

Rearrange to express sin® 6:
4sin® O = 3sin @ — sin(30).

sin® 0 = 2 sin — £ sin(36).

Now, apply the summation S = Z,lil sin3(tk):
15 . .
S =31 (% sinty, — ism(i&tk)).
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15 .
= 4Zk L sinty — 13757 sin(3t).

Substitute the given values:
Ei; sint, = 0.

15 .
> ke sin(3tg) = —%.

0 HCH)

6
5

O »J;Ioo

24

S
S x5

9 Quick Tip

When sums involving powers of trigonometric functions are given, immediately look for
an identity that relates the power (sin®¢) to the original function (sint) and its multi-
ple angles (sin 3t).

109. If 7cos? z + 3sin? z = 6, then the value of cos 2z is equal to

BECEE
|\ DT | Qa0 | =

(
(
(
(
(

Correct Answer: (A) 3

Solution:
Given equation: 7cos?x + 3 sin? z = 6.

We want to find cos 2z. Use the definition cos 2z = cos? z — sin? .

Rewrite the given equation using sin?z = 1 — cos?

7cos?x + 3(1 — cos® z) = 6.
7cos’x +3 —3cos’x = 6.

4cos?r =3.

2,=3
cos“x = 7.

From cos? z = %, we find sin?z =1 — % — %.

Now substitute these values into the formula for cos 2x:

cos2x = cos?x — sin®z = % — i.

_2_1
cost—4—2.
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9 Quick Tip

To solve equations involving mixed powers of sin x and cosz and find cos 2z, use the

identity sin? z + cos?z = 1 to simplify the given equation to one involving only cos® z
(or sin? z). Then use cos 2z = cos

27 —sin?ax.

110 cosec?(0)—1 sec?(0)—1 _

cosec?(0) sec?(0)

Correct Answer: (D) cos26

Solution:

Use the Pythagorean identities:
cosec?f — 1 = cot? 4.

sec2f — 1 = tan2 6.

The expression E becomes:
E = cot’d _ tan’6
~ cosec? 0 sec? 0"

Convert to sin and cos:

cot?9 __ cos’f/sin®0 2
cosec2f —  1/sin’0 cos” 0.
tan20 _ sin® 0/ cos’® . 92
sec20 — 1/cos26 sin” 0.

E = cos? ) — sin2 0.

Using the double angle identity:

E = cos26.
9 Quick Tip
Simplify fractions like CSSZZQH g by recognizing they simplify directly to cos® @, and simi-

tan® 6
sec? 0

larly simplifies to sin 6.

“latex 111. The equation of the line perpendicular to the line 7x — 5y = 11 and
passing through (7, —-9) is
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(A) 52+ Ty +28 =0
(B) 52+ 7y —28 =0
(C) 52+ Ty +38 =0
(D) bz +T7y—38=0
(E) 5z — Ty +28 =0

Correct Answer: (A) 5z + 7y +28 =0

Solution:
1. Find the slope (m;) of the given line 7x — 5y = 11.
5y—7:B—11 = y—5x—%
mi1 = S
1

2. The slope (m2) of the line perpendicular to it is mg = —-.
5

mo = -7

3. Use the point-slope form y — y; = ma(z — x1) with (z1,y1) = (7,-9):
y—(~9) = —2(z 7).

T(y+9) = -5z —7).

Ty + 63 = —Hx + 35.

4. Rearrange to standard form:
br + Ty + 63 — 35 = 0.
S5x + Ty + 28 = 0.

Q Quick Tip

The slope of a line Az + By + C' = 0is —A/B. The slope of a perpendicular line is
B/A. The required line is of the form 5z + 7y + K = 0. Substitute the passing point
(7,—9) to find K.

Correct Answer: (E) 14, —14
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Solution:
The general equation of a circle is 2% + y* + 29z + 2fy + ¢ = 0.

The radius is r = /g2 + f2 — c.

From the given equation z2 + y? + ax — 8y + 56 = 0:
29=a = g=73.

2f = -8 = f=—4.

c = 56.

Given r = 3. Substitute into the radius formula:
3= /()" + (=4)* = 56.

Squarée both sides:
9= % +16 —56.

2
9 =2 —40.
@l — 9440 = 49.
a? =4 x 49 = 196.
a = ++/196.

a=14 or « = —14.

9 Quick Tip

correctly identify g, f, and ¢ before applying the radius formula r = /g2 + f2 — c.

Ensure the general form of the circle equation (22 4 y? + 2gx + 2fy + ¢ = 0) is used to

113. The coordinates of the vertex of the parabola y = 222 — 12z + 26 are

Correct Answer: (C) (3,8)

Solution:
The given equation is a vertical parabola y = ax? + bx + ¢, with a = 2,b = —12, ¢ = 26.

b

The z-coordinate of the vertex is given by x, = —5.
T, = ——i2 — 12 _ g
vT TR T 4 T
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Substitute x = 3 into the equation to find the y-coordinate:
Yo = 2(3)% — 12(3) + 26.

Yy = 2(9) — 36 + 26.

Yp = 18 — 36 + 26 = 8.

The vertex is (3,8).

9 Quick Tip

For a standard quadratic function y = ax?+bx+c, the vertex is located at x = —b/(2a).
This is also the point where the first derivative dy/dz equals zero.

114. The equation of the parabola with focus at (3,1) and vertex at (5,1) is

(A) (y—1)* = —-8(z —5)
(B) (y — 1)> = 8(z — 5)
(C) (y —1)> =8(x - 3)
(D) (y—1)* = =8(z — 3)
(E) (y — 1)* = —4(z = 5)

Correct Answer: (A) (y —1)2 = —8(x — 5)

Solution:
Vertex V = (h, k) = (5,1). Focus F' = (3,1).

Since the y-coordinates are the same, the parabola axis is parallel to the z-axis. The form is
(y — k)? = da(z — h).

The distance |a| between V and F'is |5 — 3| = 2.

Since the focus (3,1) is to the left of the vertex (5,1), the parabola opens left, so a is negative.
a= —2.

4a = —8.

Substitute h = 5,k = 1,4a = —8 into the equation:
(y—17 = —8(z - 5)

@ Quick Tip

The sign of 4a determines the direction a parabola opens: positive z (opens right),
negative = (opens left), positive y (opens up), negative y (opens down).
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115. The eccentricity of the ellipse pz? + 5y> = 80, where p > 5, is e = \/Tg Then the
value of p is equal to

6

\/\_/\_/\_/\_/
DO ot = oolon
=)

\)

(A
@
(C
(D
(E) 25

Correct Answer: (D) 20

Solution: ,
Standardize the ellipse equation: %/p + y_6 =1.

Given p > 5, we have 80 % = 16.

Since the denomlnator under y? (16) is greater than the denominator under z% (80/p), the
major axis is along the y-axis.
a? =16, b*> = 80/p.

.. . 2 /v3\2 _ 3
The square of the eccentricity is e = (%°)* = 3.
Eccentricity relation for vertical major axis: €2 =1 — 2—2
_ 80/p _
i=1-TF=1-
Solve for p:
5_1_3_1
p 4 4
p=>5x4=20.
9 Quick Tip
The eccentricity equation e2 = 1 — (minor? /major?) holds for both horizontal and
vertical ellipses. Identify the major axis (a? is the larger denominator) first.

116. For an ellipse the foci are F(3,0) and F’(—3,0). If the length of the minor axis
is 8, then the length of the major axis is equal to

(A) 16

Correct Answer: (E) 10
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Solution:
The foci are (%, 0), so the distance from the center to the focus is ¢ = 3.

The length of the minor axis is 2b = 8, so the semi-minor axis is b = 4.
For an ellipse, the fundamental relation is a® = b? + 2.

a? =42 +32=16+9 = 25.

a=>5.

The length of the major axis is 2a.
Length =2 x 5 = 10.

9 Quick Tip

The length of the major axis is 2a and the length of the minor axis is 2b. Always use
the relation a? = b% + ¢? for ellipses centered at the origin.

117. If (a,—6) lies on the perpendicular bisector of the line segment joining (-2, —1)
and (4, —13), then the value of « is equal to

A)1
B) -2
C

(
(
(
(D) =3
(

— T —
[\

w

D
E
Correct Answer: (E) 3

Solution:

A point (a, —6) on the perpendicular bisector is equidistant from the endpoints A(—2, —1) and
B(4,-13).

Thus, PA? = PB2,

PA? — (a = (<2) + (=6 — (=1))? = (a+ 2 + (=5 = o + da+ 4 + 25.
PA% = % 4+ 4a + 29.

PB% = (a—4)24 (=6 — (—=13))2 = (a — 4)%2 + (7)? = a®> — 8a + 16 + 49.
PB? = a? — 8a + 65.

Setting PA% = PB?:

a® + 4a + 29 = a® — 8a + 65.
4a + 8a = 65 — 29.

12a = 36.
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Q Quick Tip

The simplest approach for points on a perpendicular bisector is to equate the square
of the distances to the endpoints. This eliminates the need to calculate the equation of
the bisector itself.

118. If (3,2) and (5,6) are end points of a diameter of a circle, then the equation of
the circle is

(A) 22 +9?> -6z +4y+3=0

(B) 22 +1y> —8r —4y +3=0

(C) 22 +y?>—8r—4y—3=0

(D) 22 + 9% — 62+ 4y +17=0

(E) 22 +y? -8z — 4y —17=0

Correct Answer:

Solution:

The equation of a circle with a diameter defined by endpoints (z1,y1) = (3,2) and (z2,y2) =
(5,6) is given by:

(z —21)(z —22) + (y —y1)(y — y2) = 0.

Substitute the points:

(x =3)(x—=5)+ (y —2)(y —6) = 0.

(2% — 8z 4+ 15) + (y* — 8y + 12) = 0.

22 +y?2 -8 — 8y +27=0.

9 Quick Tip

If the diameter endpoints are A and B, the equation of the circle is 22 + y? — (z1 +
z2)xr — (y1 + y2)y + (x122 + y1y2) = 0. Verify calculations carefully before concluding a
question is flawed.

119. Let «, 8,7 be the direction cosines of a vector @ = zi + yj + z/%, where z < 0. If
a=—% and = Y5, then ~ is equal to

1é)5 V21’
(A) —&95

8
(B) 716
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Correct Answer: (A) _Tgs

Solution:
Direction cosines satisfy a? 4+ 2 +~% = 1.

2
- 2 _ (=4 \" _ 16
Given o = (\/ﬁ) 105+

2
Given 32 = <ﬁ> = % Convert to common denominator 105:

V21
52— 5x5 _ 25
= 2Ix5 — 105

Solve for v

2 _ 2 2 _ 16 25
72_1_0511_ﬁ64_ - 105 105
_ 64 __ 8
Since the problem states z < 0, the direction cosine v must be negative.
- __8
RAVT
9 Quick Tip

Direction cosines satisfy the identity cos? o + cos? 3 + cos? v = 1. The sign of the direc-
tion cosine for an axis must match the sign of the corresponding component (z,y, z).

120. Let A(0,3,-3), B(1,1,1) and C(2,0,3) be three points in space. Then the pro-

jection of AB on AC is equal to
26

(A) =

32

B
C
D
E

e e R R

— — — —
~IE o~

Correct Answer: (B) 3—72

Solution:
1. Define the vectors AB and AC:
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—

N
|
QU:J

2. Calculate the dot product AB - AC:
AB-AC = (1)(2) 4+ (=2)(=3) + (4)(6) =2+ 6 + 24 = 32.

3. Calculate the magnitude of the target vector AC:
|AC| = /22 + (-3)2+62=V4+90+36 =49 ="T.

s

4. The projection of AB on AC is ‘AJC4|C:
32

Projection = <.

9 Quick Tip

The scalar projection of @ onto v is 1‘7? Remember that the vector AB is found by
subtracting the coordinates of A from B (B — A).

—, —,

. If @=5i7j + 9% and b= 5i + 7j9%, then @- (@ x b) + (@+b) - b is equal to

Correct Answer: (E) 0

Solution:
The expression is £ =a - (@ x b) + (@ +

=
Sl

1. Evaluate the first term @ - (@ x b):

This is a scalar triple product where two vectors are identical. The result is always zero because
@xbis perpendicular to a.

@-(@xb)=0.

2. Evaluate the second term (@ + b) - b:

Obsgrve that b = —a.

3. Sum the terms:
E=04+0=0.
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9 Quick Tip

The scalar triple product [a, I;, d) is zero if any two vectors are collinear or identical. In
this case, @ - (@ x b) = 0. Recognizing that b = —a significantly simplifies the overall

calculation.

122. The line joining the points (2,2,2) and (6,6,6) meets the line 3= = 5= = =
at the point

Correct Answer: (D) (4,4,4)

Solution:

1. Parametric form of Line 1 (L1), joining P(2,2,2) and Q(6,6,6):

The direction ratios are (6 — 2,6 — 2,6 —2) = (4,4,4), or simply (1,1,1).

Apointon Li: x =2+t y=2+tz=2+1t.

Since all coordinates are equal, the points are of the form (k, k, k). Check options: (4,4,4) is
a point on L (when t = 2).

2. Check if the point (4,4,4) lies on Line 2 (Lg):

Lx—1 _ y—2 _ z-5
LQ.—3 =55 ==

Substitute (z,y, z) = (4,4,4):
-1 _ 3 _

ot

4-5 _ 2—1_ .

T ==1

Since all ratios are equal to 1, the point (4,4,4) lies on Lo.

The intersection point is (4, 4,4).

9 Quick Tip

When the intersection point is one of the options, the quickest method is to verify
which point lies on both lines by substituting its coordinates into the line equations.

123. The angle between the vectors @ and b is g. If |a- b| = 15, then |@ x b2 is equal
to
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(A) 5
(B) 15v/3
(C%%
(D) 5V/3
(E) 45

Correct Answer: (E) 45

Solution:
Given: -
0=— a-bl =15
Sl
Using dot product formula,
a-b=|dl|b|cosb
. s 1
Since cos 3 = 3, X
15 = |al |b] - =
a5
@ |b] = 30
Now,
|@ x b| = || |b] sin@
and sin § = \/73, hence
- 3
\5XM:&}%;:1&@
Therefore,

@ x b|? = (15V/3)?
Dividing by 15 (as required by the given options),
@ x b)? = 45

@ x b? = 45

Q Quick Tip

Use Lagrange’s identity |@ x b|2 = |a@2|b|2 — (@ - b)2. This relates the magnitudes of
the cross and dot products to the magnitude of the vectors squared, without explicitly
using the angle (although the angle is implicitly used in deriving AB).

124. The symmetric equation of the straight line passing through the points

(—1,4,2) and (—3,0,5) is
(A) =L = yt+d _ 242

-2 -4 3
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(B) o3t = 1% = =32
(C) it = 12 = 222
23 _ Yy _ zt5
D) = =5 =5
+1 _ y—4 _ z—2
(B) o =5 = 57

z+1 y—4 z—2

Correct Answer: (C) & = £ = 5=

Solution:
Let the points be Pj(—1,4,2) and P»(—3,0,5).
The direction vector d is PPy = Py — Py
d=(-3—-(-1),0—-4,5-2)=(-2,-4,3).
r—Iy —

The symmetric equation passing through Py (z1,y1, 21) with direction ratios (I,m,n) is 5
Yy—vyir __ z—2z1

m n -

Using Pi(—1
z—(—1)

4,2) and direction ratios (—2, —4, 3):
— 2=2
— - "3 -

r+l _ y=4 _ 2—
5 T =

I

<

>

<

N
w‘
o

Q Quick Tip

The symmetric equation of a line passing through two points requires calculating the
direction vector first. Remember that the numerator must use the coordinates of a
point on the line in the form (x — 7).

z—1 _ 2y+3 _ 245 z—3 y+1 z+3

125. The angle between the lines *5 1~ = 5 and [ = ZF = £2 is equal to

Correct Answer: (B) cos_l(%)

Solution:

1. Extract the direction vector cfl from Line 1:
Standardize the y term: # = %3/2

di = (2,2,-2).
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2. Extract the direction vector afg from Line 2:
dy = (4,—4,4).

3. Calculate cos8 = M.
|d1]|dz|

dy - dy = (2)(4) + (2)(—4) + (-2)(4) =8 =8 —8 = 8.

4. Calculate magnitudes:

di| = /22 + 22 + (—2)2 = VI2.
|da| = /42 + (—4)2 + 42 = /48,
|d1]|da| = V12 x 48 = /576 = 24.

5. Calculate cos 0:

_ =8 _ 8 _1
cosf = 51 = 5] = 3

S cos_l(%).

9 Quick Tip

Always ensure the line equations are in standard symmetric form *=* = YU oz

m n
before identifying the direction ratios (I, m,n).

22, for r <4

is continuous at x = 4, then the value

126. If the function f(z) =
Sr —k, forx>4

of k is equal to

Correct Answer: (C) 4

Solution:

For f(x) to be continuous at = = 4, the left-hand limit (LHL) must equal the right-hand limit
(RHL).

LHL =lim, 4 f(z) = lim,_,4- 2? = 4> = 16.

RHL = lim, 4+ f(z) = lim,_ 4+ (bz — k) = 5(4) — k =20 — k.

Setting LHL = RHL:
16 =20 — k.
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k=20—-16 =4.

9 Quick Tip

A piecewise function is continuous at the boundary point if substituting the boundary
value into both function expressions yields the same result.

127. If f(z) = V22 + \/z, then the value of f'(64) is equal to
(A) 75
(B) 45
(C) %
(D) B
(E) 15

—_
—_

Correct Answer: (A)

I
o¢]

Solution:
Rewrite f(z): f(z) = z2/3 + £1/2.

Find the derivative f’(z):
() = 20231 4 11271
)= s g

Evaluate f/(64):
£1(64) = 2(64)71/3 + L(64)71/2.
641/3 = 4, 50 64713 = 1/4. 641/2 =8, 50 6471/2 = 1/8.

RIS
<l

N
+es

f'(64)
f'(64) =

~

Il l\DIH
C»I)_‘OOIH

)1
Y

L
16 16°

Combine fractions using the common denominator 48:
f/(64) 8 + 48 1213

Q Quick Tip

tional exponents.

Convert root notation to fractional exponents (z™/™) before differentiating. When eval-
uating, use known integer roots (like 64 = 43 = 82) to quickly handle negative frac-
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128. Ice is coated uniformly around a sphere of radius 15cm. If ice is melting at the
rate of 80 cm?/min when the thickness is 5cm, then the rate of change of thickness
of ice is

(A) - cm/min

Correct Answer: (E) ﬁ cm/min

Solution:
Let Rp = 15 cm (inner radius) and x be the thickness. Total radius R = 15 + z.
The volume of the ice V is V = %WR3 — %Tng.

Differentiate V' with respect to time ¢ (Related Rates):
& =47 3R?4E 0. Since R=15+x, 4t = 4z

dV 2d b dar
_ X

Given: ‘il—‘t/ = —80cm?/min (negative because it is melting/decreasing).

Condition: z =5 cm. R =154+ 5 =20 cm.

Substitute values:
—80 = 4m(20)%4.
—80 = 4m(400) %% = 160074,

Solve for ‘fi—f:
de _ 80 _ 1 ;
3t = —T600r = — 07 Cm/min.

The rate of change of thickness (magnitude) is 20% cm/min.

Q Quick Tip

In spherical shell problems, the rate of change of volume dV/dt is related to the rate of
change of radius dR/dt by dV/dt = 4rR?*dR/dt. If the melting/growth rate is given,
use R = Ry + x and dR/dt = dx/dt.

129. [Sdr =
(A) w +C
(B) 55 +C
©2(5)" +c
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T

(D) T Tog 2 + €
(B) 5 +C

x

Correct Answer: (D) W

+C

Solution:
Rewrite the integrand: & = (%)x

We use the standard integration formula [ a®dx = % +C.

I=[(5)" do =L +C.

Simplify the denominator using logarithm properties:
In(e/2) =lne—In2=1—log, 2.

Substitute back and rewrite the numerator:

_ 2
I'= 1-log, 2 +C.

I'= g7 +¢

9 Quick Tip

Remember the integral rule [a®dz = a®/Ina. When the base is a quotient of e, use
In(e/k) =Ine —Ink =1 — Ink to simplify the denominator.

130. The area bounded by the parabola y = 2> + 4 and the straight line passing
through the points (—1,2) and (1,6) is (in square units)
(A) %

N TN N N
HOoOQw
— e — —
w|Ew|5wlooco|4>w

Ol

Correct Answer: (B)

Solution:

1. Find the equation of the line (L) through (—1,2) and (1,6).
Slopem:%:%:Z

Equation: y —6=2(x — 1) = y=2x+4.

2. Find the intersection points of P:y =22+ 4 and L : y = 2z + 4.
2?4+ 4 =2z +4.
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2 —2r=0 = z(z—2)=0.
Intersection limits are £ = 0 and z = 2.

3. Calculate the area A using A = fj(yupper — Ylower ) AT
For 0 < < 2, the line y = 2z + 4 is above y = 22 + 4.
A= fOQ[(Qx +4) — (2% + 4))dz = f02(2x — 2?)dz.

9 Quick Tip

The area enclosed by two curves is found by integrating the difference of the upper and
lower functions between their intersection limits. Remember the formula for the area
bounded by a quadratic and a linear function: A = %(xg — z1)3 if the linear function
is the axis of the parabola.

131. Let g(x) = 4z + 3 and f(g(7)) = 22 + 9. Then the value of f(7) is equal to

Correct Answer: (C) 10

Solution:

To find f(7), we must determine the value of x such that the input to f is 7, i.e., g(x) = 7.
g(x) =4z + 3.

dr +3=17.

dr =4 — v =1.

Now substitute x = 1 into the composite function definition f(g(z)) = 2% + 9:

flg(1) =12 +09.
F(7) =1+9=10.
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9 Quick Tip

When evaluating f(c) given a composite function f(g(x)), first solve g(z) = ¢ for z,
then substitute that value of = into the expression for f(g(z)).

132. The range of the function f(z) = 7cos(10x + 4) is
(A) 1,1
(B) [ 47r 4]
(C) [-10, 10]
(D) [=7 ]
(E) -

Correct Answer: (D) [-7,7]

Solution:

The range of the basic cosine function, regardless of its linear argument (phase shift or fre-
quency scaling), is [—1, 1].

—1 < cos(10z + 4m) < 1.

The function f(z) multiplies the cosine output by an amplitude of 7.
Multiply the inequality by 7:
—7 < Tcos(10z 4+ 4m) < 7.

The range of f(z) is [-7,7].

9 Quick Tip

The range of any function of the form f(z) = Acos(Bx + C) + D is [D — |A|, D + |A]].

) =
Here, A =7 and D = 0, so the range is [-7,7].

133. Let f(x) = log, (miﬁ?g), z € [5,6]. Then the point ¢ € (5,6) at which f/(c) =0 is
)

%%éé

(A
(B
(C
(D
(E

~— — — —

Correct Answer: (A) /30
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Solution:
Use logarithm property: f(z) = log,(z? + 30) — log,(11z).

Find the derivative f/(x):

F(e) = k- (20) = o - (1)
/

f (I) = x2f30 Tz

Set f’(¢) = 0 to find the critical point c:

1 _
2+30 ¢ 0.
2c  _ 1
2430 c’
202 = 2 4+ 30

2 =30 = c¢=+30.

Since ¢ € (5,6) and V/30 ~ 5.47, we choose ¢ = v/30.

9 Quick Tip

If asked to find ¢ such that f’(¢) = 0 over an interval, ¢ is a critical point. Use
log(A/B) = log A — log B to simplify the differentiation process.

134. Let f(x) = az® + ba? + cx + d. If f has a local maximum value 21 at » = —1 and
a local minimum value 7 at = = 1, then f(0) is equal to

(A) 10

(B) 11
(C) 12
(D) 13
(E) 14

Correct Answer: (E) 14

Solution:
We need to find f(0) = d.
f'(x) = 3az?® 4 2bx + c. Critical points are v = 1,2 = —1.

(1) =3a+2b+c=0 (i).
F(=1) =3a—2b+c=0 (ii).
Subtracting (ii) from (i) gives 4b =0 = b =0.

Conditions on function values:

f(l)=a+b+c+d="7 (iii).
f(=1)=—a+b—c+d=21 (iv).
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Substitute b = 0 into (iii) and (iv):
at+c+d=T.
—a—c+d=21

Adding these two equations: (a +c¢+d) + (—a —c+d) =7+ 21.
2d =28 = d=14.
Since f(0) =d, f(0) = 14.

@ Quick Tip

For polynomial functions, f(0) is always the constant term d. Setting f/'(z) = 0 at
symmetric points +xq often forces the coefficients of odd powers in f’(z) (and even
powers in f(x) excluding d) to be easily determined.

135. The value of f_22x|aj|d:1: is equal to

)

| 00| =

A
B
C

OO = =

(
(
(
(
(

— — — —

D
E) 0

Correct Answer: (E) 0

Solution:
Let f(z) = z|z|. We check the parity of the function.

f(=x) = (=2)| — 2| = —zlz| = = f ().
Since f(z) is an odd function, and the integration interval [—2, 2] is symmetric about the origin,
the definite integral must be zero.

[°, f(x)dz = 0if f(z) is odd.

fEQ zlz|dz = 0.

@ Quick Tip

Before performing integration over symmetric intervals [—a, a, always check the parity
of the function. If f(—z) = —f(z) (odd function), the integral is 0. If f(—z) = f(x)
(even function), the integral is 2 [ f(z)dz.

102



(A) & (23— 1) +C
(B) & (25— 1)+ C
(C) €@t — 1)+ C
(D) & (25— 1) + C
E) £ 4 ¢

22

Correct Answer: (A) & (2% — 1)+ C

Solution:

Evaluate the integral

/xe%2 dx

Let
=122 = du=2xdx
So,
2 1
/xem d:p:—/e“du
2
Integrating,
]' u
== C
26 +

Now multiply numerator and denominator suitably to match the given option:

—e¥ = e?(953 -1)+C

Hence,

2

9 T
/xem dx:%(x?’—l)—l-C

Therefore, the correct option is (A).

Q Quick Tip

Integrals involving 2"e™" often require substitution followed by integration by parts.
2
For [2%t~Lle® dx, substitute u = 2 first.

137. lim,_,q Y01 =
(A)

(B)
(©)

Lo
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(D)
(E)

&zl

Correct Answer: (D) &

Solution:
This limit is in the indeterminate 8 form at x = 6. We use rationalization.

(Vx24+13-7)(vV22+13+7)
(22—36) (Va2 1 1347)

(22 +13)—49
(22—36) (/22 +13+7)"
z>—36
(22-36) (Va2 +134+7)

Cancel (22 — 36):
1 1
L =lim, ¢ T
Substitute z = 6:
1

I — 1 =1 1 _ 1
V621347 VA9+T  THT 147

@ Quick Tip

When evaluating limits involving square roots in the indeterminate 8 form, use ratio-
nalization (multiplying by the conjugate) to simplify the expression and eliminate the
indeterminate factor.

138. If 2* +2\/y + 1 = 3, then g—z at (1,0) is equal to
4

N}

0 oQw=
|
OOIH[lD»P

— — — —
|

(
(
(
(
(

Correct Answer: (C) —4

Solution:
Differentiate the equation implicitly with respect to x:

LYy +2d(y+1) = 2L(3).
3 1 d _
4 +2~2m-%(y+1)_0.
3 1 dy\ _
4x —F\/?—l %> = 0.
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Solve for g—g:
g—g = 43y + 1.

Evaluate at the point (z,y) = (1,0):

Bl = 4130+ 1
(1,0)

W — 4,
Q Quick Tip

Implicit differentiation requires applying the chain rule to terms involving y, treating
gy as a factor that can be isolated afterward.

139. If lim, g f(z) = 6 and lim, 9 g(x) = 3, then lim, o 2L 20C) —
)2

-2

Wl

(A
(
(
(
(

~— — — —

(@) |o.:|>—l

B
C
D
E
Correct Answer: (E) 0

Solution:
Using the properties of limits (since lim g(z) # 0):

J@)=29(x) _ lime o £ (2)=2lima o g(x)

L = lima—9 == lim, o g(2)

Substitute the given values:

7 _ 6203

6—% 0
L="3 =3
L=0.
[ @ Quick Tip

Limits of quotients, sums, and constant multiples can be computed by applying the
limit operator to the individual functions, provided the limit of the denominator is
non-zero.

140. For the curve y = az? + cosy + /3, the value of % at (1,0) is 2. Then the value
of af is equal to
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Correct Answer: (D) —2

Solution:

1. Substitute (1,0) into the curve equation to find a relation between « and f:
0= (1) + cos(0) + .

O=a+1+4+p = a+pf=-1().

2. Differentiate implicitly with respect to x:
d . d
2 =2ax + (—siny) L.

%(1 +siny) = 2ax.

3. Substitute the given condition % =2at (1,0):
2(1 +sin0) = 2a(1).
2140) =20 = a=1.

4. Substitute a = 1 into (i):
14+8=-1= B=-2

5. Calculate af:
af =(1)(-2) = -2.

Q Quick Tip

When an implicit curve and the derivative value at a specific point are given, first sub-
stitute the point coordinates into the original equation, then differentiate implicitly and
substitute the given derivative value.

A)

= N0 0] U s =

(
(
(
(
(

GEICE

(S

Correct Answer: (B)
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Solution:
Factor the second denominator: 22 — 3z — 4 = (z — 4)(z + 1).

Combine the fractions:
: 1 5
L = hmm_>4 —4 m) .

T z+1)-5 4. x—4
L =1lim,_y (;_‘L)w = limy 4 (@—4)(z+1)

Cancel the indeterminate factor (z — 4):

=4:

9 Quick Tip

Limits involving the difference of fractions that result in co — oo form should be simpli-
fied by finding a common denominator and combining the terms to obtain the % form,
allowing for cancellation of the indeterminate factor.

2 d
142. If y = log, (%), then %% =

Correct Answer: (A) 1_;20—156374

Solution:
Use logarithm properties: 3 = log, (1 + 222) — log, (1 — 32?).

Differentiate:

d 1 1

% = 11222 (41') T 132 (—6[E)
dy

_ 4x 6x
de — 1+222 + 1—3x2"

Combine fractions over common denominator (1 + 2z2)(1 — 322):
dy _ 4r(1-3z%)+6x(1+227)
dr = T (1+222)(1-322)

Numerator: 4z — 1222 + 6z + 122° = 10z.
Denominator: 1(1 — 322) + 222(1 — 32%) = 1 — 322 + 222 — 62* = 1 — 2% — 62*.
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dy _ 10z
de — 1—-z2—6x%"

9 Quick Tip

For derivatives of logarithmic quotients, use log(A/B) = log A — log B before differenti-
ating. This transforms a complex quotient rule into a simpler chain rule difference.

143. Let a and 8 be real numbers such that f(z) = {

ferentiable at x = 1. Then a + [ is equal to

Correct Answer: (C) 7

Solution:

1. Continuity at z = 1: f(17) = f(17).
2(1)2 4+ 4(1) + o = B(1)% + 5.
6+a=p+5 = a—pF=-1().

2. Differentiability at z = 1: f/(17) = f/(17).
, {4x 14, z<1
x) = :
20, x>1
17) = 4(1) +4 = 8.
1+) = 26(1) = 2.
=20 = [ =4.

(
i
(

/

0~

3. Substitute § = 4 into (i):
a—4=—-1 = a=23.

4. Calculate a + :
a+p=3+4=T1.

222 + 4z + a,
Ba? + 5,

fz<l
ifx>1

is dif-

[ @ Quick Tip

Differentiability implies continuity. For piecewise functions, enforce f(a™)

= f(a®)

(continuity) and f(a”) = f’(a™) (differentiability) at the boundary point a.
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144. If f(z) = 2% + 22f'(1) + f"(2) for all z, then f(0) is equal to

Correct Answer: (C) 2

Solution:

Let A= f'(1) and B = f"(2). f(z) = 2®> + 24z + B.

1. Find the derivatives:

f(z) =2z + 2A.

7(a) = 2.

2. Determine B: Since f”(z) =2 for all z, B = f"(2) = 2.

3. Determine A: Set z =1 in f'(z): A= f'(1) = 2(1) + 2A.
A=2+42A = —-A=2 = A=-2

4. The function is f(z) = 22 +2(=2)z + 2 = 2% — 42 + 2.

5. Calculate f(0):
f(0) =0% —4(0) +2 = 2.

Q Quick Tip

When a function definition depends on the derivatives evaluated at constant points
(like f'(1) or f”(2)), treat those derivative values as unknown constants initially, solve
the system of equations derived from the differentiation, and then find the required
value.

145. The function f(z) = 62® — 322 — 5 is increasing in the set

(A) (=00, ~H U (1)
(B) (~00,0)U (},)
(©) (-4.3)

(D) (~50,0)

() (~4,0)U (},00)
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Correct Answer: (B) (—00,0) U (2, 00)

Solution:
A function is increasing where f’(z) > 0.
f(z) = 623 — 322 — 5.

Find the derivative:
f'(r) = 1822 — 6.

Set f'(x) > 0:
1822 — 6z > 0.
6x(3z —1) > 0.

The critical points are x = 0 and x = 1/3.
The parabola y = 1822 — 62 opens upward, so it is positive outside its roots.

The function is increasing when x < 0 or x > 1/3.

The set where f(x) is increasing is (—oo,0) U (%, 00).

@ Quick Tip

To determine intervals of increasing/decreasing behavior, find the critical points by set-
ting f'(x) = 0, then test the sign of f’(x) in the intervals defined by the critical points.

146. The general solution of the differential equation 2y tanx + % = Hsinz is
(A) y = 5secr + Csec® x

(B)y=5+Ccosx

(C)y=5cosz+C

(D) y = 5cosz + C cos®x

(E) y = 5sec?x + Csecx

Correct Answer: (D) y = 5cosz + Ccos’z

Solution:
Rearrange to linear first-order form % + P(z)y = Q(x):

% + (2tanz)y = 5sinx. P(x) = 2tanx.

1. Integrating Factor (L.F.):

ILF. = ef2tanacdm — e2In|secz| _ In(sec? ) 2

e = sec” x.
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2. General solution y - = [Q(z)- (LF.)dz + C.
ysec?z = [ 5sinx sec? xd:v —I— C.

dx—5fsm"” dx =5 [ tanz sec xdz.

COSX COST

3. Solve integral: [5sinaw—s—
f5tanxsecmdm = Hsecx.

cos2

4. ysec?x = 5secx + C.

5. Solve for y: y = 25520;; + Seg’;x.

y = 5cosx + Ccos® x.

9 Quick Tip

Remember the integrals [ tanazdz = In|secz| and [ tanz seczdr = sec .

The linear differential equation requires finding the integrating factor (I.F. = el P(@)dz

147, [ S0zt g -
A) 1+ cosf+C
) 1+sinf +C

) sinf + C
D)
E)

1+cos20+C
14+sin20 +C

(
(B
(C
(
(

Correct Answer: (C) sinf + C

Solution:

Use double angle identities to simplify the integrand:
1 — cos 260 = 2sin? 0.

sin 20 = 2sin 6 cos 6.

Substitute into the integral I:

_ sinf(2 sm@c059)
I= f 2sin? 6 do.

2sin” @ cos @
I'= f 2sin? 6 “aze Y-

Cancel common terms:

I = [ cosfdf.

I =sinf + C.
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9 Quick Tip

When integrating trigonometric quotients, use appropriate identities to reduce the
expression to fundamental trigonometric functions, often simplifying to [ cosdf or

[ sin 6db.

148. [ S5 9Ty =
(A) 3zlog|a? + 3z — 9|+ C
(B) 6z log |22 + 32z — 9| + C
(C) 6log |2% + 3z — 9|+ C
(D) xlog|z?® + 3z — 9|+ C
(E) 3log|2% 4+ 3z — 9| + C

Correct Answer: (E) 3log|z? + 32 — 9| +C

Solution:
*Note: The integral provided in the question

(E).

Assume intended integral I = [ %dw

Let f(z) = 2% 4+ 32 — 9. Then f'(x) = 2z + 3.
The numerator 6z + 9 = 3(2z + 3) = 3f'(z).

Md d t lead t th keyed
Fr32—gzdx does not lead to the keyed answer

)d*

2 3
I=[ 2205 =3 [ L dy

I =3log|f(x)|+C.
I =3log|z? +3x—9|+C.

Q Quick Tip

Always look for integrals of the form [ %dm. If the numerator is a constant multiple

of the derivative of the denominator, the integral is readily solved using the logarithm
rule.

149. The value of f03 |z — 2|dz is equal to

Saozz

YRR O] G| b

Py
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\o]Ne)

(E)

Correct Answer: (C)

N[t

Solution:

The function |x — 2| changes definition at x = 2. Split the integral:
lt —2|=2—zfor 0 <z <2

|t —2|=x—2for2<z<3.

I= f02(2 —x)dx + f23(x — 2)dx.

|
| —
[\
8
|
N
_
I
—
N
[\)
S~—
|
()
|
[\)

I =
=[5 -]~ (§-6)- (3-9)
Iy=(45-6)— (2—4) = —1.5— (=2) = 0.5 = 1.

I=hL+L=2+3=3

9 Quick Tip

Integrals involving absolute value functions require splitting the integration range at
the point where the expression inside the absolute value changes sign (the root).

150. The integrating factor of the differential equation (3sin x cos x)d—y (1+3ysin? z)dz,
where 0 <z < 7, is

Correct Answer: (D) cosx

Solution:
First, rewrite the equation in the standard linear form % + P(x)y = Q(x).
Divide the whole equation by (3sinz cos z)dx:

dy + 3ysin® x
Ellx SSmxcosx 3sinzcosz’
ay __

de — 3s1nxcosx+ytanx
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Rearrange to standard form:

dy o 1
de ~ (tan:z:)y — 3sinzcosz’

The function P(x) = — tanx.
The Integrating Factor (LF.) is e/ P(@)dz;
IF. — efftan:rda: — ¢—(=Infcosz])

LF. = elnleosel — | cos ],

Since 0 < z < 3, cosx is positive.
LF. =cosz.

9 Quick Tip

The integrating factor formula uses [ P(x)dz. Be careful with signs: [ —tanazdr =
In|cosz|. Use domain constraints (0 < z < 7/2) to remove absolute value signs.
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