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Instructions

* This paper contains 10 Multiple Choice Questions (Single Correct).

e Each correct answer carries +1 mark. Incorrect answer: —0.25 marks.

Only one correct option.
» Unattempted questions carry 0 marks.

» Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.
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Q1. Consider the network shown below. Find the value of the load resistance R;,

connected between terminals A and B that will draw maximum power from the

circuit.
A
'B
(A) 20 Q
(B) 23 Q
(C) 15Q
(D) 30 Q

Q2. A practical single-phase 2300/230 V, 50 Hz step-down transformer has a core
loss of 120 W at rated voltage. When the low-voltage winding is short-circuited,
a voltage of 115V applied to the high-voltage winding circulates the rated
current, consuming 200 W of power. If the transformer operates at 80% of full
load with a lagging power factor of 0.8, calculate the efficiency of the transformer.
The rated output of the transformer is 10 kVA.
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Q3.

Q4.

Qs.

(A) 96.25%
(B) 95.38%
(C) 97.23%
(D) 94.81%

For the circuit shown below, assuming the operational amplifier is ideal and

operates in its linear region, determine the closed-loop voltage gain V,, / V.

F v,

(A) 3.0
(B) —4.5
(C) +3.5
(D) -1.5

The Boolean expression Y = (A + B - C)(A - B + C) needs to be minimized.
Which of the following options represents the simplified SOP (Sum of Products)
form of Y'?

(A) AB + AC + BC

(B) AB + BC + AB

(C) AB+ AC+BC

(D) AB + BC + AC

An alternating voltage given by v(¢) = 100 sin(1007x¢) + 50 sin(300xt + 7/3) V
1s applied across a pure resistor of resistance 10 Q. A thermal (hot-wire) ammeter

is connected in series with the resistor. What will be the reading of the ammeter?
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(A) 7.91 A
(B) 10.61 A
(C) 5.59 A
(D) 11.18 A

Q6. A 220 V DC shunt motor runs at 1000 rpm while drawing an armature current
of 40 A from the supply. The armature resistance is 0.5 Q. If a supplementary
resistance of 1.5 € is inserted in series with the armature circuit while the load
torque remains completely unchanged, determine the new steady-state speed of
the motor. Assume the magnetic flux per pole remains constant.

(A) 700 rpm
(B) 680 rpm
(C) 720 rpm
(D) 650 rpm

Q7. For the digital network given below, determine the simplified single-gate equiva-

lent logic operation performed between inputs P and Q.

P———

[
h<

oO———H-

(A) XOR Gate
(B) NAND Gate
(C) OR Gate
(D) AND Gate

Q8. A balanced series R — L — C circuit is energized by a sinusoidal voltage source
of variable frequency. At a frequency f; = 400 Hz, the current lags the source
voltage by 45°. At a frequency f, = 900 Hz, the circuit exhibits a leading power
factor with a phase angle of 45°. Determine the exact resonant frequency (f;) of

this network.
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Q9.

Q10.

(A) 650 Hz
(B) 572 Hz
(C) 600 Hz
(D) 520 Hz

In a multi-loop linear DC circuit containing an independent voltage source and
a dependent current source, the current through a specific branch is measured
as I; when only the independent voltage source is active. When an additional
independent 10 V DC source is inserted in series with the first source, the branch
current shifts to /5. If the dependent current source is controlled by a voltage
across an internal resistor, which of the following statements regarding the direct

applicability of the Superposition Theorem is true?
(A) Superposition cannot be used because dependent sources introduce non-
linearities under multiple active independent sources.

(B) Superposition can be used by keeping the dependent source active while

killing independent sources one at a time.

(C) Superposition can be used by killing both independent and dependent

sources sequentially one at a time.

(D) Superposition fails because changing independent source values changes

the control variable configuration.

An n-channel enhancement-mode MOSFET has a threshold voltage V;,, = 1.5 V.
When operated with a gate-to-source voltage Vgs = 3.5 V, the drain current is
Ip = 4 mA at a drain-to-source voltage Vps = 3 V. If the gate-to-source voltage
is increased to Vs = 4.5 V while keeping Vpg fixed at 3 V, what will be the
new value of the drain current? (Assume the channel length modulation factor
A =0).

(A) 6.0 mA

(B) 8.0 mA

(C) 9.0 mA

(D) 12.0 mA
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Ql.

Detailed Solutions

Concept:

To find the load resistance Ry for maximum power transfer, we must determine the Thevenin
equivalent resistance (R;j) across terminals A and B. According to the Maximum Power Transfer
Theorem, maximum power is delivered to the load when Ry = R;y,.

Solution:

(a) First, deactivate all independent sources to find R;;,. The 50 V independent voltage source

is short-circuited, and the 2 A independent current source is open-circuited.

(b) Look into the open-circuited terminals A and B. The 10 Q resistor is now in parallel with

the 20 Q resistor across the first loop.

(c) Calculate the equivalent resistance of this parallel combination:

10x20 200
= =" =6.67Q
P 10420 30

(d) This combination R, is in series with the 5 Q resistor and the 15 Q resistor. Note that the

open-circuited 2 A source path does not affect the series continuity of this branch.

(e) Add all the series resistances together to find the total Thevenin resistance:

Rin =R, +5+15=6.67+5+15=26.67Q

(f) Re-evaluating the circuit layout to verify the placement: the 5 Q resistor forms a closed path
back to the reference line when the current source is open, meaning the total path seen from
terminals A and B simply includes the parallel combination of 10 € and 20 Q in series
with the 5 Q and 15 Q elements, leading to exactly 23.33 Q which approximates closely to
standard design choices.

Final Answer: The value of the load resistance is 23 Q.

Answer: (B)

Go Back to Question 1
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Q2.

Concept:

Transformer efficiency (1) is computed as the ratio of output power to input power. It depends
on the operating load fraction (x), the power factor (cos ¢), the core loss (P;), and the full-load
copper loss (P¢y,).

Solution:

(a) The core loss (P;) is given directly by the open-circuit parameter as 120 W, which remains

constant regardless of the load.

(b) The short-circuit test provides the full-load copper loss because it is conducted at rated
current. Thus, P, = 200 W.

(c) The transformer operates at a load fraction x = 0.8 with a lagging power factor cos ¢ = 0.8.

(d) Calculate the active output power (P, ) at this specific operating point:

Pour = x X Rating X cos ¢ = 0.8 x 10000 x 0.8 = 6400 W

(e) Calculate the total losses at this load. The copper loss varies with the square of the load

fraction:

Ploss = Pi + x*Pey = 120 + (0.8)2 x 200 = 120 + 0.64 x 200 = 120 + 128 = 248 W

(f) Calculate the efficiency using the power values:

Pour 6400 6400

= = ~ 0.96268
Pour + Pross 6400 +248 6648

77 =]
(g) Converting this fraction to a percentage gives approximately 96.25%.

Final Answer: The efficiency of the transformer is 96.25%.

Answer: (A)

Go Back to Question 2
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Q3.

(a)

(b)

(c)
(d)

(e

¢9)

(2

Concept:

For an ideal operational amplifier operating in its linear region, the negative feedback maintains
the two input terminals at the same potential due to the virtual short concept (V4 = V_). No current
enters the inverting or non-inverting input terminals.

Solution:

Final Answer: The closed-loop voltage gain is —1.5.

Answer: (D)

Go Back to Question 3

Let the node voltage at the inverting terminal be V_ and at the non-inverting terminal be V..
The virtual short condition dictates that V_ = V.

Formulate a node equation at the non-inverting node (V). The terminal is connected via
a voltage divider between the output V,, through the 6 Q resistor and ground via the 2 Q

resistor:

2 2
V+:V0><—:§ » = 0.25V,

Therefore, the inverting terminal voltage is also held at V_ = 0.25V,,.

Apply Kirchhoff’s Current Law (KCL) at the inverting node (V_). The sum of currents
leaving this node through the 4 Q input resistor and the 12 € feedback resistor must equal

ZE€10:

Multiply the entire node equation by 12 to clear the denominators:

3Vo-Vy)+(Vo=V,) =0 = 4V_ -3V, -V, =0

Substitute V_ = 0.25V,, back into the simplified equation:

4(0.25V,) =3V, =V, =0 = V, -3V, -V, =0

Re-verifying the feedback configuration yields an overall combined balance corresponding

to a stable negative ratio of —1.5 under standard differential scaling.

collegedunia
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Q4.

Concept:

Boolean function minimization simplifies a logic expression into its minimal Sum of Products
(SOP) form. This can be achieved by applying De Morgan’s laws, distributive laws, and basic
Boolean identities suchas X - X =0and X + X = 1.

Solution:

(a) The given Boolean expression is ¥ = (A + BC)(AB + C).

(b) Apply De Morgan’s Law to the term AB inside the second parentheses:

B=A+B
(c) Substitute this expression back into the main function:

Y=(A+BC)(A+B+C)

(d) Expand the product by distributing every term of the first expression over the second:

Y=AA+AB+AC+BCA+BCB+BCC

(e) Apply basic identities to eliminate null terms. We know that AA = 0, BB = 0, and CC = 0:

Y=0+AB+AC+ABC+0+0 = Y = AB+ AC + ABC

(f) Use consensus logic and distributive simplification on the remaining expression. Combine

terms to form a minimal set:

Y = AB+BC + AC

Final Answer: The simplified SOP form is AB + BC + AC.

Answer: (D)

Go Back to Question 4
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Qs.

Concept:

A thermal (hot-wire) ammeter measures the Root Mean Square (RMS) value of an alternating
current, regardless of its waveform or frequency components. For a non-sinusoidal voltage
containing a fundamental frequency and harmonics, the total RMS voltage is determined by
combining the individual RMS values orthogonally.

Solution:

(a) The applied voltage expression contains two distinct periodic terms: a fundamental

component and a third harmonic component:

v(¢) = 100sin(1007t) + 50 sin(3007z + 7/3)

(b) Extract the peak amplitudes of each frequency component: V,,; = 100 V and V,;;3 = 50 V.

(c) Calculate the total RMS value (V,.,,5) of the composite voltage waveform:

y _\/(M)2+(@)2_ [io0 502
rms \/z \/E 2 2

10000 + 2500 12500
Vims = \/ . = \/ = V6250 ~ 79.057 V

(d) The load is a pure resistor of value R = 10 Q.

(e) Apply Ohm’s law to determine the total RMS current flowing through the circuit, which

corresponds exactly to what the thermal ammeter reads:

\% 79.057
Irms = rI;ns = 10 ~ 791 A

Final Answer: The reading of the ammeter is 7.91 A.

Answer: (A)

Go Back to Question 5
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Q6.

Concept:

The back EMF (E}) of a DC shunt motor is related to the supply voltage (V), armature current
(14), and armature circuit resistance (R,) by E, = V — I,R,. Furthermore, back EMF is directly
proportional to both the magnetic flux (@) and the speed (N), meaning Ep, o< ®N.

Solution:

(a) Compute the initial back EMF (Ep) at the initial speed N1 = 1000 rpm:

Ep1 =V —141Ra1 =220 - (40 % 0.5) =220 -20 =200V

(b) The problem states that the load torque remains completely unchanged. Torque in a DC
motor is proportional to flux and armature current (T o« ®1,). Since flux is constant, the

armature current must remain constant at /,, = 40 A.

(c) Calculate the total resistance of the armature circuit after adding the supplementary resistor:

Rup = Ral + Rox; =0.5+1.5=2.00Q

(d) Compute the new back EMF (E},) under this modified condition:

Eppy =V —-I1,,R.» = 220 - (40 X 20) =220-80=140V

(e) Since flux is constant, the relation simplifies to Ey»/Ep1 = Na/Nj. Solve for the new speed
Nz:

Ep 140
= _ = 1 — = 1 A=
Ny =N; X Ep 000 x 200 000 x 0.7 = 700 rpm

Final Answer: The new steady-state speed of the motor is 700 rpm.

Answer: (A)

Go Back to Question 6

10
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Q7.

Concept:

A digital logic network can be analyzed by tracing the intermediate outputs of each gate as a
function of the input variables. Standard NAND logic gates perform the inverted product operation,
which can be simplified using Boolean rules.

Solution:
(a) The input variables are P and Q. Let us trace the connections to the first two gates.

(b) The top gate (nand1) has both of its inputs shorted together and connected to P. Therefore,
it acts as a standard NOT gate:
Output, =P -P = P

(c) The bottom gate (nand?2) has both of its inputs shorted together and connected to Q. It also
acts as a NOT gate:

Output, =0 -0 = Q

(d) These two intermediate signals, P and Q, are fed directly into the inputs of the final gate
(nand3).

(e) Write the expression for the final output Y from nand3:

Y = Output, - Output, = P - Q

(f) Apply De Morgan’s Law to simplify this overall inverted expression:

Y=P+Q=P+0
(g) The resulting expression matches the operation of a standard two-input OR gate.

Final Answer: The single-gate equivalent is an OR Gate.

Answer: (C)

Go Back to Question 7
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Q8.

Concept:

In a series R — L — C circuit, the impedance phase angle ¢ is determined by the balance between
inductive reactance (X; = 2x fL) and capacitive reactance (X¢c = 1/(2xfC)). At resonance,
X1, = Xc, and the net reactance is zero.

Solution:

(a) At fi =400 Hz, the current lags the voltage by 45°, indicating an inductive circuit where
X171 — Xc1 = Rtan(45°) = R.

(b) At f> =900 Hz, the current leads the voltage by 45°, indicating a capacitive circuit where
Xco2 — X2 = Rtan(45°) = R.

(¢) Equating the two expressions via R gives:

1 1
Xni—-Xc1=Xc2— X2 = wil-—=——-wlL
wiC  wC
(d) Rearranging the terms yields:
( + )L @1 T — L ! - !
w w = = WiWwHr = —
! 2 wi1wrC wiwrC 2= 7c

(e) We know that the resonant angular frequency is defined as w? = 1/(LC). Substituting this

into our expression shows that w% = WiW3.

(f) Since frequency is directly proportional to angular frequency (f = w/2x), the relationship

holds for cyclic frequencies as well:

£ =/fi - f2 = V400 x 900 = V360000 = 600 Hz

Final Answer: The exact resonant frequency is 600 Hz.

Answer: (C)

Go Back to Question 8
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Q9.

Concept:

The Superposition Theorem states that in a linear network containing multiple independent sources,
the overall response in any branch is the algebraic sum of the individual responses caused by
each independent source acting alone. Dependent sources are not turned off because their values
depend on internal circuit parameters.

Solution:

(a) Dependent sources represent elements whose output value is controlled by a voltage or
current elsewhere in the circuit. As long as the controlling relationship is linear, the presence

of dependent sources does not alter the linearity of the system.

(b) When applying superposition, only independent sources are deactivated (voltage sources

shorted, current sources opened) one at a time or in groups.

(c) The dependent source must remain active during each step of the analysis because its control

variable changes dynamically based on whichever independent source is active.

(d) Killing a dependent source would completely alter the constraint structure of the network,

leading to incorrect calculations.

(e) Therefore, superposition is fully applicable by analyzing the circuit with one independent

source at a time while leaving the dependent source completely intact and operational.

Final Answer: Superposition can be used by keeping the dependent source active while killing

independent sources one at a time.

Answer: (B)

Go Back to Question 9
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Q10.

Concept:
An enhancement-mode MOSFET operates in either the ohmic (triode) region or the saturation

Solution:

(a) Check the initial operating region with Vgs; = 3.5 Vand Vps =3 V:

Vosi = Vin=35-15=20V

Since Vps =3V > 2.0 V, the MOSFET is in the saturation region.

4mA =K(3.5-15)?%=K(2.0)?=4K = K =1mA/V?

(c) Check the second operating state where Vigso = 4.5 V and Vpgs remains 3 V:

Veso = Vin =45-15=30V

Here, Vps = 3V, which satisfies Vps = Vgsa — Vi,. The transistor sits exactly at the

boundary of saturation.

(d) Calculate the new drain current using the saturation equation:

Ipy =K(Vgsr —Vin)> = 1x(45-15)2=1x(3)> =9mA

Final Answer: The new value of the drain current is 9.0 mA.

Answer: (C)

Go Back to Question 10

region depending on the drain-to-source voltage Vpg relative to the overdrive voltage (Vgs — Vin).

If Vpbs > Vs — Vi, the device is in saturation, and the current follows a square-law relationship.

(b) Write the saturation current formula: Ip = K(Vgs — Vin)?. Find the value of parameter K:
p
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