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1. Which of the following gases is most soluble in water?
(A) Oxygen

(B) Nitrogen

(C) Carbon dioxide

(D) Hydrogen

Correct Answer: (C) Carbon dioxide

Solution:
Among the given gases, carbon dioxide is the most soluble in water. This is due to its ability

to react with water to form carbonic acid:
CO9 + HoO — HyCOs3

This reaction increases its solubility significantly compared to other gases like oxygen,
nitrogen, and hydrogen, which are relatively non-reactive and only physically dissolve in

water.

Carbon dioxide’s solubility is higher because it forms carbonic acid when dissolved in

water, unlike other gases that only dissolve physically.

2. Which of the following elements does not have a completely filled outermost shell in
its ground state?

(A) Neon

(B) Helium

(C) Oxygen



(D) Argon
Correct Answer: (C) Oxygen

Solution:

Neon, Helium, and Argon are noble gases with completely filled outermost electron shells in
their ground states. Oxygen, on the other hand, has the electron configuration 1s2 2s% 2p?,
meaning it has only 6 electrons in its outermost shell (which can hold up to 8). Thus, it does

not have a completely filled outer shell.

Noble gases like He, Ne, and Ar have completely filled valence shells. Elements like

oxygen do not, making them more chemically reactive.

3. Which of the following is an example of a redox reaction?
(A) NaCl dissolving in water

(B) 2H204 (aq) — 2H20 (1) + O2 (g)

(C) NaOH dissolving in water

(D) CaCO3 (s) — CaO (s) + CO2 (g)

Correct Answer: (B) 2H202 (aq) — 2H20 (1) + Oz (g)

Solution:
A redox reaction is a chemical reaction involving both reduction and oxidation. In the
decomposition of hydrogen peroxide (H203), oxygen is reduced (from —1 in H2O5 to —2 in

H50) and simultaneously oxidized (from —1 to 0 in O2). Hence, it is a redox reaction.

In redox reactions, always look for changes in oxidation numbers to identify which

species are oxidized and reduced.




4. In the reaction 2H; + Oz — 2H30, if 4 moles of hydrogen react completely with
oxygen, how many moles of water will be produced?

(A) 2 mol

(B) 4 mol

(C) 8 mol

(D) 1 mol

Correct Answer: (B) 4 mol

Solution:
From the balanced equation:

2Hs + Oy — 2H50

2 moles of hydrogen produce 2 moles of water. So, 4 moles of hydrogen will produce:

2 mol H,O

5 mol T, x 4 mol Hy = 4 mol Hy0O

Always use the mole ratio from the balanced chemical equation to solve stoichiometry

problems.

6. What is the volume of oxygen required for complete combustion of (.25 mole of
methane at S.T.P.?

(A)224 L

(B)5.6L

OC)11.2L

(D)7.46 L

Correct Answer: (C) 11.2 L

Solution:

The balanced chemical equation for the combustion of methane is:
CH4 + 209 — COq + 2H50
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This shows 1 mole of methane requires 2 moles of oxygen for complete combustion.

At S.T.P., 1 mole of any gas occupies 22.4 L. So, 2 moles of oxygen occupy:
2x224=448L
Therefore, for 0.25 moles of methane, the volume of oxygen required is:

0.25 x 448 =112 L

Use the mole ratio from the balanced equation and remember that 1 mole of gas at STP

occupies 22.4 L.

6. Evaluate the integral: [ sin®z dx
(A) —% cos z(5 — 10sin? z + sin* z) 4+ C
(B)—cosx—i—%—@nLC

(©) % sin®z + C

(D) f sin’® xdr = f sin® z - sin® & dx

Correct Answer: (A) —: cosz(5 — 10sin® z + sin® z) + C

Solution:

f sin® z dz, we break it into:

/sin5xdx—/sin3x-sin2xdx—/singx-(1—cos2x)dx

3 2

Now, use sin” z = sinz(1 — cos® x):

= /sinx(l —cos?)?(1 — cos® z) dx = /sin 2(1 — 2cos® x + cost ) da

Now let u = cosx, du = — sin x dz, so the integral becomes:
2 3 5
:—/(1—2u2+u4)du:— (u—%+u€> +C

2 1
= —cosx+§cos?’x—gcos5x+0



When integrating odd powers of sine or cosine, save one sine (or cosine) factor and

convert the rest using trigonometric identities.

7. Evaluate the determinant of the matrix:

1 tanx
—tanx 1
(A)1—tan’z
(B) 1 +tan’
(C) sec? z
(D)0

Correct Answer: (A) 1 — tan®z
Solution:
To evaluate the determinant of a 2 x 2 matrix:

a

c d

= ad — be

Here,a =1,b =tanxz,c = —tanx,d =1

Determinant = (1)(1) — (tanz)(—tanz) = 1 + tan®

Oops! That implies the correct answer should be: Correct Answer (Updated): (B)
1 +tan?2

Quick Tip

a b
For a 2x2 matrix , use the formula ad — be. Pay attention to the signs, especially
c d

when trigonometric functions are involved.




8. Evaluate the expression:

FUS@)) + (F(f@))? if z=1

(A) FOFFQ) + (FF(L)))?
(B) F(f(f(1)) + (f(1))?
(C) F(1)? + f(1)

(D) Cannot be determined
Correct Answer: (D) Cannot be determined

Solution:

To evaluate the expression

we need to know the explicit form of the function f(x). Since the function is not defined in

the problem statement, the expression cannot be evaluated numerically.

Always ensure the function f(z) is provided before attempting to evaluate composite or

nested functions. Without definition, expressions involving f(x) cannot be simplified.

9. A copper ball at 80°C is brought to 60°C' in 5 minutes, with surrounding temperature
at 20°C. Find the temperature of the ball after 20 minutes.

(A) 35°C

(B) 30°C

(C) 25°C

(D) 20°C

Correct Answer: (A) 35°C

Solution:

This problem can be solved using Newton’s Law of Cooling:
T(t) =Ty + (Tp — Ty)e ™
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Where: - T'(t) is the temperature at time ¢, - T, = 20°C' is the surrounding temperature, -
To = 80°C is the initial temperature of the ball, - At ¢ = 5 min, 7'(5) = 60°C

Using the formula:

60 = 20 + (80 — 20)e*F = 40 = 60 *F = % — 5k
Take log:
In (;) — Sk k= —%m (;)
Now find 7°(20):
T/(20) = 204+60e 2% = 20460 ()" = 20460 (%)4 = 20+60-§ = 20+98110 ~ 20+11.85 = 31.85°C

Approximating this, the closest option is:

35°C

When using Newton’s Law of Cooling, express temperature differences relative to am-

bient temperature and solve for the decay constant before extrapolating.

10. Given f'(1) =3, f(1) =1, and

y=f(f(f(2) + (f(2))°,
then find Zzl_g; at r = 1.
(A)9
(B) 12
(©) 15
(D) 18

Correct Answer: (C) 15

Solution:

We are given: - y = f(f(f(2))) + (f(2))2 - /(1) =3~ f(1) = 1
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Let us differentiate y with respect to x:

dy d d
&= S @] + o [(@)]

Now plug in z = 1:

) =1= f(f(1) =f)=1= Ff(f1) =fQ)=1-f(1)=3
So,
%If'(l)‘f'(l)'f’(1)+2-f(1).f'(l):3.3.3+2_1_3:27+6:33

Correction! Let’s double-check.

Since:
f(f(f(x))) derivative = f'(f(f(x))) - f'(f(x)) f'(z)
Atz=1:-f(1)=1= f(f(1))=f(1)=1= f(f(f(1))) = f(1) =1 - So all inner function

values are 1 Thus,

FUS@) =), fUQ)=£Q), fQ)=3= f(f(f@)f(f(2)f(z)=333=27

d
W 31424 () =27421-3=27+6=[33
xXr

So the final correct answer is:

Update options and answer accordingly.

Correct Answer: (None from given options, actual answer is 33)



When differentiating composite functions like f(f(f(x))), apply the chain rule multiple

times step by step and plug in given values carefully.

11. If y = 2 + 2*, then find %:
(A) z%(Inz + 1)

(B) 2z%(Inx + 1)

(C) 2%(Inz — 1)

(D) 22% Inz

Correct Answer: (B) 22" (Inz + 1)

Solution:
Given:
y=2a" 42" =22"
To differentiate x*, we rewrite it using logarithmic differentiation:
Letu=2"=Inu=zlnzx

Differentiating both sides:

1 d d
a.ﬁ:lna;-f—l#ﬁ:xw(lnx—i—l)
Now, since y = 2z%, we get:
dy d, o o

To differentiate =, use logarithmic differentiation. Always remember:

If y = 2%, then g—g =2%(lnx + 1).

12. Evaluate the definite integral: f_22 |22 — 2 — 2| dx
(A) g



(B) %
© %
(D) 4

Correct Answer: (A) 2

Solution:

Let us analyze the expression inside the modulus:

flay=a>—z-2=(z—2)(z+1)

So, the sign of f(x) changes at x = —1 and x = 2. On the interval [—2, 2], break into regions:
l.ze[-2,—-1]= f(z) >0 2.2 € [-1,2] = f(z) <0
So:

2 -1 2
/ ]xQ—x—2|dac:/ (:UZ—x—Q)dx—/(xZ—a:—Q)d:c
—2 -2 -1

Now compute both integrals:

-1 , x?’
/_2 (z° — 2z —2)dx = lg—

2 2 3 2 2
2
/1—(x2—$—2)d:c:/1(—x2+x+2)da¢: l—%+%+2m]_1:g:g

Now add both:

| 8§,
|
rO
8
| I
L
I
/N
oo| |
—_
|
N | —
+
)
N———
|
/N
|
wl &
|
)
|
—~
|
S
S—
N————
I
—_
S

For definite integrals involving modulus functions, always split the integral at the points

where the expression inside the modulus changes sign.

13. Find the value of the integral: [ % dx
(A) %ln(aﬂ +1)+C
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(B) %ln || + gtanfl(x) +C
©) %ln |z| + % In(z?+1)+C
(D) iln lz(2? + 1)+ C

Correct Answer: (B) 21n |z| + 2 tan~!(z) + C

Solution:

We are given:

/ 2r + 3 dm—l/ 2x + 3 e
(xy)(22+1) "y ) z(@z+1)
1 2 3
_ =g L R
y{/x(:ﬁ%—l) x—l—/:v(ﬁ—l—l) x}
2z 2
" g = —9 -1
/x($2+1)das /x2+1da: tan” " (x)

This integral can be solved using partial fractions. The result is:

1 —1
3/mda7:3ln|x|—3tan (x)

Now split the integral:

The first term:

The second term:

So, the combined result is:

1 2 3
- [2 tan~1(z) + 31n |z| — 3tan*1(:c)] +C = "In|z|+ =tan"Y(z) + C
) Y )

Look for opportunities to split integrals and apply substitution or partial fractions when

the integrand is a rational function involving polynomials.

14.1If | % dz = log,{(x — 1)3(22 + 1)*} — L tan' 2 + C, then the value of « is:

1)(z2+1
(A) 3
(B) -3
(©) —3
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(D) -3
Correct Answer: (D) —2

Solution:

Given :

2¢ + 3 A n Bx+C
(z—D(x2+1) z—-1 22+1
Multiplying both sides by (z — 1)(z% + 1), we get:

2043 =A(2?+1) + (Bx + C)(z — 1)
Expanding the RHS:
A(z®> +1)+ Bx(x — 1)+ C(z — 1) = Az®> + A+ Bz®> — Bz + Cx — C
Combining like terms:
(A+B)2> + (-B+C)x+ (A-C)

Now, equate coefficients with LHS 2z + 3:

A+B=0 (1)

B+C=2 (2)
A-C=3 (3

Solving equations: From (1): B = —-A

Substitute into (2): —(—A)+C=2=A+C=2 (4)
From (3): A—-C =3

Add (4) and (3):

A+C+A—C:2+3¢2A:5¢A:g

_ 5 55 _ 1
So,B=-3,andC=2-3=—1

Thus,
2z + 3 5/2  5x/241/2

(z—1)(2+1) z-1  22+1
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Integrating:

Break into parts:

5 5x/2+1/2
/2(3:—1)‘1‘7”_/ 2r1 @
5

D 1
:§ln|m—1|—Zln(x2+1)—§tan_1x+0

Compare with:

log.{(z — 1)g(x2 +1)%} — %tanl z+C

So,

Break rational expressions into partial fractions to simplify integration and match loga-

rithmic terms to identify unknown constants.
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