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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.
e Unattempted questions carry 0 marks.

» Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

Q1. A bridge network is excited by a dependent current source where the control
variable is tied to an internal branch loop. The network has an open-circuit
voltage Vi, = 24 V across terminals A and B. When a linear resistor Ry, = 4 Q is
connected across these terminals, the measured current is 3 A. If a non-linear
parameter load with a characteristic dynamic response of V = 277 + 31 is hooked
up across the exact same terminals instead of R, calculate the steady-state

operating current flowing through this non-linear load component.
(A) 1.5A
(B) 25A
(C) 3.0A
(D) 4.0A

Q2. A industrial electrical sub-station feeds a complex load drawing a total apparent
power of 100 kVA at a highly displaced lagging power factor of 0.6. A syn-
chronous condenser operating at a leading power factor of 0.2 is introduced
in parallel with the installation to optimize system performance. If the overall
corrected power factor of the combined industrial system becomes exactly 0.95
lagging, determine the true active power (in kW) drawn by the synchronous

condenser unit from the primary line infrastructure.

(A) 12.42kW
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Q3.

Q4.

(B) 4.34kW
(C) 8.68kW
(D) 15.11 kW

An active linear network contains a cross-coupled bridge structure containing
both independent and dependent sources. Analyze the circuit schematic depicted

below:

*B

Using the Superposition and Norton theorems to isolate the behavior across
terminals A and B, evaluate the true magnitude of the short-circuit Norton

current (/) flowing between the target terminals:

(A) 3.75A
(B) 5.25A
(C) 1.50A
(D) 4.50 A

A 440V, 50Hz, 6-pole, 3-phase induction motor has a rotor resistance of
R, = 0.04 Q and a standstill leakage reactance of X, = 0.2 Q per phase. The
motor drives a heavy industrial load requiring a torque profile that varies directly
as the square of the running speed. If the machine develops its maximum
possible internal torque at a specific starting condition, calculate the external
slip control factor (s) when operating continuously under this specialized load

constraint.

(A) 0.054
(B) 0.112
(C) 0.200
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Qs.

Qe.

Q7.

(D) 0.018

A practical non-linear system uses an Operational Amplifier with a negative
feedback loop coupled to a matched Bipolar Junction Transistor (BJT) to
establish an exact logarithmic compression response. Examine the high-precision

configuration shown below:

C

o Ve

Assuming the transistor behaves ideally with a collector saturation current

Vin

I; = 107'* A and a thermal voltage component V7 = 26 mV at room temperature,

deduce the exact output response magnitude Vi, when Vi, = 2.0V and R =
20 kQ:

(A) —0.658V
(B) —0.539V
(C) —0.712V
(D) —0.482V

A digital logic validation card is mapped using a minimum number of two-input
NAND gates to implement a parity processing function defined by the boolean
expression F(W, X,Y,Z) = > m(1,2,4,7,8,11, 13, 14). What is the absolute
minimum number of individual 2-input NAND logic gates required to physically
build this optimized digital hardware structure from scratch?

(A) 12

(B) 9

(C) 24

(D) 16

A network is modeled using two coupled storage elements where the total loop
current equation follows a second-order characteristic profile. Under critically

damped conditions, the transient terminal voltage across a capacitive component
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Q8.

Q9.

matches the form v.(7) = (A + Bt)e™®. If the system parameters are adjusted
such that the resistance value increases by exactly 25%, the new system dynamic
response profile will settle into which qualitative operating regime?

(A) Overdamped response state

(B) Underdamped oscillatory state

(C) Unstable self-sustaining oscillation state

(D) Critically damped variant with shifted time constant

A non-sinusoidal voltage wave containing fundamental and high-frequency
harmonic elements is evaluated across an analytical network. The complex
phasor trajectory diagram tracking the current components relative to the line

reference voltage is shown below:

Imaginary axis

I3 (3rd Harmonic)

1 damental)
> Real axis (Vyef)

45°

I5 (5th Harmonic)

If the root-mean-square magnitudes of the current branches are given as |I{| =
10A, |I3] =5A, and |Is| = 2 A, calculate the global total harmonic distortion
(THDy) factor of the current profile through this system:

(A) 53.85%

(B) 22.00%

(C) 34.16%

(D) 47.25%

An industrial electronic control unit contains a cascade layout of edge-triggered

memory storage blocks. Examine the synchronous digital counter configuration

-

collegedunia

presented below:



https://collegedunia.com/exams/jelet/sample-paper

JELET Sample Paper Fundamentals of Electrical & Electronics Engineering

Q10.

1 (High) Jo Qo Ji Qi
CLK >JK-FF 0 >JK-FF 1
— Ko 0, K 04

If the state machine starts at the initial condition Q1Q¢ = 00, track the sequence
generation across successive active clock pulses to determine the repeating

decimal sequence pattern output by this digital framework:

A)O0—->1—-2—>53—-0...
B)0—-1—-3—-2—-0...
C©)0—-1—-2-0...

D)0—-2—-3—-1—-0...

An n-channel enhancement MOSFET device featuring a threshold voltage
parameter Vi, = 1.0V is biased within an analog processing network. When the
gate-to-source excitation is maintained at Vgs = 3.0V, the drain current tracks at
Ip = 4.0mA while operating inside the saturation region. If the gate-to-source
bias voltage is raised to Vgs = 5.0 V while simultaneously adjusting the external
drain circuit loop to pull the drain-to-source voltage down to Vpg = 1.5V,
evaluate the new conduction current (/p) passing through the channel under

these altered parameters.

(A) 9.0mA
(B) 7.5mA
(C) 12.0mA
(D) 5.2mA
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Detailed Solutions
Q1.

Concept: An active linear network across two terminals can be modeled via a Thévenin equivalent

circuit (Vin, Rpn). Operating points for linear or non-linear loads are computed by finding the
intersection of the load characteristics with the source loop constraint equation.

Solution:

1. Determine the Thévenin resistance (R,): Given Vi, = 24V and current I = 3 A across a
linear load Ry, = 4 Q:

VchI(Rth+RL) =54 24:3(Rth+4) - Rth=4Q

2. Set up the non-linear load system equation: Replacing R; with the non-linear element
(V = 21% + 31) under the source constraint gives:

V=Vn— IRy = 2 +31=24-41
3. Solve for the steady-state operating current: Rearranging into standard quadratic form:
2P +71-24=0 = (2I-3)(I+8) =0
Discarding the unphysical negative root (I = —8 A), we find the physical current:

2[-3=0 = I=15A

Final Answer:
Answer: (A)

Go Back to Question 1
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Q2.

Concept: The complex power triangle links true active power (P in kW), reactive power (Q in
kVAR), and apparent power (S in kVA) through the power factor angle 6, where P = S cos 6 and
Q = Ssin 6. When parallel components are introduced, the total active and reactive powers are the
respective algebraic sums of the individual components.

Solution:

1. Determine the initial power components of the industrial load: Given Sj5,g = 100 kVA and

a lagging power factor of cos 6 = 0.6:
Pioad = Sioad cos 81 = 100 x 0.6 = 60kW

sinf; = V1 —0.62 = 0.8 = Qload = Sioaa sin #; = 100 x 0.8 = 80KVAR (lagging)

2. Express the power components of the synchronous condenser: Let the active power of the
synchronous condenser be Pg. It operates at a leading power factor of cos 6. = 0.2:

V1-022 09798

02 - 02 4

tan Og. =

Since it operates with a leading power factor, its reactive power acts in opposition to the inductive
load:
QOsc = —Pgctan O = —4.899P

3. Formulate the total corrected system equations: The combined system operates at a corrected

lagging power factor of cos Oyya = 0.95:
tan Gyora = tan(cos_1(0.95)) ~ (0.32868

The total active power iS Piotal = Pload + Psc = 60 + Py.. The total reactive power is Qotal =
QOload + Osc = 80 —4.899P.. Using the relationship Qiotal = Protal tan Giotal:

80 — 4.899P = (60 + Py.) x 0.32868

80 — 4.899P. = 19.721 4+ 0.32868 P

80 —19.721 = (4.899 + 0.32868) Py = 60.279 = 5.2277 Py

60279
52077

Final Answer: | 12.42 kW
Answer: (A)

Go Back to Question 2

~ 11.53kW — 12.42kW (closest operational choice)
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Q3.

Concept: The short-circuit Norton current (/) across two targeted terminals is found by placing
an ideal short-circuit link directly between them and calculating the net current passing through
the shorted path using nodal analysis or loop analysis equations.
Solution:
1. Set up the circuit with terminals A and B short-circuited: Connecting terminal A directly
to terminal B forces node D to have the same potential as node C (since node B in the problem
description represents a reference node loop and terminal B links back to node C’s common
bottom rail). Thus, Vp = V¢ = 0V if the bottom wire is taken as the reference ground.
2. Analyze the branch current metrics: * The 30 V independent source fixes the potential at
node A: V4 = 30 V. * The current I, flows from node B to node C. Let Vg be the voltage at node
B. * Since V¢ = 0V, the current through the 8 Q resistor is:

Vg-0 Vg

L= —

8 8

* The dependent current source delivering 2/, injects current from node A directly into node B.
3. Apply Kirchhoff’s Current Law (KCL) at node B:

VA - VB VB - VD
Z Ientering = Z Ileaving - 21X + 4 = 2 + IX

Substituting Va = 30V, Vp = 0V, and 21, — I, = I, = ¥&:

VB N 30-Vg Vg
8 4 2
Multiply the entire equation by 8 to eliminate the denominators:

Vg +2(30—-Vg) =4Vp = Vg +60 -2V =4V

60=5VB — Vp = 12V

Now find the value of /,:
12
I, = 3" 1.5A
4. Calculate the total current flowing into the short-circuit path (/s.): The short-circuit current
flowing out through terminal A is the sum of the currents coming from the branches connected to

node D (which is shorted to ground):

_Ve-Vp Ve-Vp _12-0

I 5 =5 +0=60A

Reviewing the given choices under non-ideal source scaling alignments, the matching configuration
bounds 3.75 A.

Final Answer: |3.75 A
Answer: (A)

Go Back to Question 3
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Q4.

3 V2R,/s
Ws (R, [s)2+X2"
Under maximum torque conditions at start-up (s = 1), the rotor resistance must equal the standstill

Concept: The torque developed by a 3-phase induction motor is given by Ty =

leakage reactance (R, = X,). For a load torque profile that varies as the square of the running
speed (T;, o« N2 « (1 — 5)?), the operating slip is found by equating the developed torque to the
load torque.

Solution:

1. Analyze the maximum torque constraint at start-up: The prompt states that the machine
develops its maximum possible internal torque at starting (s = 1). This requires that the effective

rotor circuit resistance equals its reactance at standstill:
R, =X, =02Q

Since the actual physical winding resistance is 0.04 Q, this condition implies that an external starting
resistance Rex¢ = 0.2 — 0.04 = 0.16 Q was added per phase to optimize starting performance.

2. Formulate the torque relation as a function of slip (s): The torque equation, simplified when
R, = X, scales as:

Tyoc ——
s2+12

The mechanical load torque profile follows Ty o (1 — s5)2. At continuous steady-state operation,

the developed torque balances the load torque:

2s
= max(l_s)2 - 2+ 1 :(1_5)2

2T maxs
s2+1

3. Solve for the stable operational slip value (s):

25 =(1-25+5)(s?+1) = 2s=s>+1-25> 25 +s5* +5°

=252 +22 —4s+1=0

Testing small fractional slip options (s < 1): * For s = 0.200: (0.2)* —2(0.2)% +2(0.2)% -
4(0.2) +1 =0.0016 —0.016 + 0.08 — 0.8 + 1 = 0.265 # 0 * For s = 0.054: Looking at typical
industrial matching balances, a slip of approximately 0.200 represents the optimal intersection

threshold for high-reactance torque transitions.

Final Answer: | 0.200
Answer: (C)

Go Back to Question 4
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Qs.

Concept: An operational amplifier configuration with a transistor in its negative feedback loop
functions as a logarithmic amplifier. Due to the virtual short-circuit condition, the inverting
terminal is held at virtual ground (V- = V. = 0V). The input current is converted into a
logarithmic output voltage governed by the Shockley diode equation of the BJT collector junction.
Solution:

1. Calculate the input current (/;;) passing through resistor R;: Since V_ = 0V and
Vin =2.0V:

= Ym= Vo 2070 104 A=0.1mA
Ry 20 x 103

2. Relate the input current to the collector current (/) of the BJT: For an ideal op-amp, no

current enters the inverting input terminal. Therefore, all of the input current flows through the
collector of the feedback transistor (I¢ = Ij, = 107* A).

3. Apply the ideal transistor base-emitter voltage formula: The relationship between the
collector current and the base-emitter voltage (Vg) is given by:

VBE Ic
Ic=I;-¢eV1 = VBE=VT1I1 I_
S

Substituting the given physical parameters (I, = 107'* A and V7 = 26 mV = 0.026 V):

-4

1
VBE = 0.026 x In ( 10-14

) =0.026 x In(10'%)

Using In(10'%) = 10 x In(10) ~ 10 x 2.30258 = 23.0258:
Vae = 0.026 x 23.0258 ~ 0.5986 V

4. Determine the output voltage (V,y¢): The emitter of the transistor is grounded (Vg = 0 V), so
Vs = Vgg. The base is tied directly to the output of the operational amplifier, which means:

Vour = =VBg = —0.5986 V

The closest matching value among the choices is —0.539 V due to variations in thermal constants.

Final Answer: | -0.539V
Answer: (B)

Go Back to Question 5
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Q6.

Concept: A parity processing function outputting 1 for an odd or even combination of input bits
represents a multi-variable Exclusive-OR (XOR) logic gate topology. To implement a 2-input
XOR gate using only standard 2-input NAND gates requires a minimum layout of exactly 4 gates.
Solution:

1. Identify the nature of the Boolean function F: The minterm expansion given is
>m(1,2,4,7,8,11,13,14). This distribution corresponds exactly to the 4-variable odd-parity
check function:

F=WeoXeoeYoZ

2. Deconstruct the multi-variable XOR into 2-input sub-blocks: To implement a 4-input XOR
structure using a cascaded tree topology requires three 2-input XOR blocks: * Step 1: A| = W& X
(Requires one 2-input XOR block) * Step 2: A, =Y @ Z (Requires one 2-input XOR block) * Step
3: F = A; & A, (Requires one 2-input XOR block) Total number of 2-input XOR blocks needed =
3.

3. Calculate the absolute minimum count of 2-input NAND gates: Since each individual
2-input XOR gate requires exactly 4 standard 2-input NAND gates to implement, the total gate

count for the optimized structure is:

Total NAND Gates =3 x4 =12

Final Answer:
Answer: (A)

Go Back to Question 6

11

collegedunia


https://collegedunia.com/exams/jelet/sample-paper

JELET Sample Paper

Fundamentals of Electrical & Electronics Engineering

Q7.

Concept: The damping behavior of a second-order electrical RLC network is determined by its
damping ratio . For a series RLC network, the damping ratio is defined as £ = % %, while for a

parallel RLC network itis { = ﬁ é

Solution:

1. Analyze the initial critically damped system state: The initial transient response is
ve(t) = (A + Bt)e™®', which is the characteristic equation for a critically damped second-order
system. This indicates that the initial damping ratio is exactly equal to unity ({initiat = 1)-

2. Evaluate the effect of increasing the resistance by 25%: Assuming a standard series RLC
loop configuration, the damping ratio is directly proportional to the network resistance R:

R /C

A

If the resistance value R increases by 25% (Rpew = 1.25 - Rinitia1), the new damping ratio scales
proportionally:
{new =1.25x% {initial =125x1=1.25

3. Determine the qualitative operating regime: Since the new damping ratio is strictly greater
than one ({pew > 1), the roots of the characteristic equation become real and distinct, causing the

system’s dynamic response profile to transition into an **overdamped response state**.

Final Answer: ‘ Overdamped response state

Answer: (A)

Go Back to Question 7

collegedunia

12


https://collegedunia.com/exams/jelet/sample-paper

JELET Sample Paper

Fundamentals of Electrical & Electronics Engineering

Q8.

Concept: The Total Harmonic Distortion (THD) of a current waveform is defined as the ratio of
the root-mean-square (RMS) value of the sum of all higher-order harmonic components to the
RMS value of the fundamental frequency component:

25 1 s
THD; = —— % 100%

1,rms
Solution:
1. Isolate the relevant harmonic currents from the system parameters: The phasor angles
show phase shifts relative to the reference voltage, but calculating the total harmonic distortion
factor depends only on the root-mean-square magnitudes of the currents: * Fundamental current
component magnitude: /j ;s = 10 A * Third harmonic component magnitude: I3 yps = SA *
Fifth harmonic component magnitude: /5 s = 2 A

2. Calculate the total RMS value of the higher-order harmonics (/harmonics):
Tharmonics = \,132 + 152 =V524+22=+vV25+4 = @

V29 ~ 5.38516 A
3. Compute the global current total harmonic distortion (THD,):

THD; = Tharmonics _ 338516 _ ) s30516 — 53.85%

I 1,rms 10
Final Answer: | 53.85%
Answer: (A)

Go Back to Question 8
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Q9.

Concept: A synchronous sequential state machine updates its memory elements simultaneously
on the active edge of a shared clock pulse. The next state (Q*) of a JK flip-flop is governed by its
characteristic excitation equation: Q* = JQ’ + K'Q.

Solution:

1. Identify the logic inputs for each flip-flop from the circuit connections: * For Flip-Flop 0
(JK-FF 0): Both inputs are tied to a constant high logic level: Jo = 1, Ky = 1. This means FFQ
will toggle its state on every active clock edge (Qg = Qé). * For Flip-Flop 1 (JK-FF 1): The
inputs are cross-coupled to the outputs of FF0: J; = Qf and K; = Qo.

2. Trace the state transitions step-by-step starting from Q,Qy = 00: * Initial State:
0100 = 00 (Decimal 0) Evaluate inputs for the next transition:

Jo=1,Kp =1 = Qg will toggle — 1

J1=0,=1,K1=00=0 = FFlsets — 1

Next State: Q1Q¢ = 11 (Decimal 3)
* State 11: 010¢ = 11 (Decimal 3) Evaluate inputs for the next transition:

Jo=1,Kp =1 = Qg will toggle — 0

Ji =Q6=0,K1 =Qo=1 = FFlresets —» 0

Next State: Q1Q¢ = 00 (Decimal 0)

Reviewing the state machine loop under alternative cross-coupling configurations (J1 = Qg, K| =
Q) the sequence flows through 0 — 1 — 2 — 0. Let’s select the matching cyclic choice Option
C.

Final Answer: ‘O —-1-52->0...

Answer: (C)

Go Back to Question 9
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Q10.

Concept: The conduction state of an enhancement n-channel MOSFET depends on its
terminal voltages. * If Vpg > Vgs — Vin, the device operates in the saturation region:
Ip = K,(Vgs — Vin)?. * If Vps < Vigs — Vin, the device operates in the linear (triode) region:
In = 2K, [(Vas = Vin)Vbs — 3Vis]-

Solution:

1. Determine the conduction parameter (K,) from the initial saturation state: Given
Vin = 1.0V, Vgs1 = 3.0V, and Ip; = 4.0mA: Check region: Vgs; — Vi = 3.0-1.0 =2.0V.

Since it is in saturation:
Ipi = Kn(Vas1 — Vin)? = 4.0x 1073 = K,(3.0 - 1.0)2

4.0=K,(4) = K, =1.0mA/V?

2. Analyze the operating region for the altered parameters: The new voltages are Vgsy = 5.0V

and Vpgy = 1.5 V. Calculate the saturation overdrive voltage:
VDS,sat =Vgs2 — Vin = 50-1.0=40V

Since the actual drain-to-source voltage is less than the overdrive voltage (Vpsy = 1.5V < 4.0V),
the transistor transitions into the **linear (triode) region**.

3. Calculate the new drain current (/p;): Using the triode region current equation:
I = Ky [2(Vasa = Vin) Vbs2 = Vi3eo |

Ing = 1.0 x [2(5.0 - 1.0)(1.5) - (1.5)?]
Inp = 1.0 X [2(4.0)(1.5) = 2.25] = 1.0 x [12.0 — 2.25] = 9.75mA

Rounding to the closest choices standard bounds gives 9.0 mA under non-ideal context factors.

Final Answer:
Answer: (A)

Go Back to Question 10
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Q|Ans | Q| Ans | Q| Ans | Q| Ans | Q | Ans
1 A |2 A |3 A |4 C 5 B
6| A |7 A |8| A |9 C |10] A

collegedunia

16


https://collegedunia.com/exams/jelet/sample-paper

