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Introduction

When engineers and students dive into the world of electrical circuits, they quickly discover that steady state
analysis is only part of the story. Real systems rarely remain in equilibrium; they experience changes—turning on a
switch, varying a load, or a sudden voltage spike. These changes produce what is known as the transient

response of a circuit. Mastering transient response is essential for designing reliable power supplies, signal
processors, and communication systems. However, many learners find the subject daunting, especially when they
encounter circuit analysis objective questions that test both conceptual understanding and problem solving skills.

This comprehensive guide will walk you through the fundamentals of transient response, explain why it matters,
and provide a curated set of objective questions to sharpen your skills. Whether you're a student preparing for
exams, a professional looking to refresh your knowledge, or an instructor designing quizzes, this article offers a
clear, engaging, and SEO friendly resource that covers all the critical aspects of transient analysis.

Understanding Transient Response in Circuits

Transient response refers to the behavior of a circuit immediately after a change in its input or operating conditions.
Unlike steady state conditions, which assume that all transients have died out, transient analysis captures the
dynamic evolution of voltages and currents over time.

Key Characteristics

e Time Dependent Behavior: Voltages and currents vary continuously until the system reaches a new
equilibrium.

¢ Exponential Decay or Growth: In linear time invariant (LTI) circuits, responses often follow exponential
functions characterized by time constants.

e Superposition Principle: For circuits with multiple sources, the total transient response is the sum of individual
responses.

Importance of Transient Analysis in Circuit Design

Transient analysis is not just an academic exercise—it has real world implications:

e Power Supply Design: Ensuring that voltage regulators handle load transients without excessive overshoot.
¢ Signal Integrity: Analyzing how digital signals rise and fall, affecting timing and noise margins.

e Safety: Predicting surge currents that could damage components or pose hazards.

» Control Systems: Designing feedback loops that respond quickly yet stably to disturbances.

Types of Transient Response

Understanding the variety of transient behaviors helps in selecting the right analytical tools.

Step Response

Occurs when a step input (e.g., a sudden voltage change) is applied. The circuit’s output gradually approaches a
new steady value.



Impulse Response

Triggered by an instantaneous input (a Dirac delta function). It reveals the circuit’s inherent dynamics.

Ramp Response

Results from a linearly increasing input. Common in voltage or current ramp generators.

Key Concepts and Equations

Transients in first order RC or RL circuits can be described using simple differential equations.

First Order RC Circuit

For a voltage source \(V_s\), resistance \(R\), and capacitance \(C\), the voltage across the capacitor \(V_C(t)\)
follows:

Equation: \(V_C(t) = V_s \left(1 - eM-t/RC}\right) \)
Where the time constant \( \tau = RC\) defines how quickly the capacitor charges.

First Order RL Circuit
With inductance \(L\) and resistance \(R\), the current through the inductor \(I_L(t)\) is:

Equation: \( |_L(t) = \frac{V_sH{R} \left(1 - e*{-tR/L}\right) \)
Here, the time constant \( \tau = L/R \) determines the rate at which current builds up.

Second Order Systems

More complex circuits (e.g., RLC networks) exhibit oscillatory behavior described by:

Equation: \( V(t) = V_0 e*-\zeta \omega_n t} \sin(\lomega_d t + \phi) \)

Where \( \zeta \) is the damping ratio, \( \omega_n \) the natural frequency, and \( \omega_d = \omega_n \sqrt{1 -

\zeta"2} \) the damped frequency.

Objective Questions in Circuit Analysis: Why They Matter

Objective questions—multiple choice, true/false, fill in the blank—are a staple of engineering exams. They test quick
recognition of principles and the ability to apply formulas under time pressure. For transient response, objective
questions often focus on:

« ldentifying correct time constants.

¢ Determining overshoot or settling time.

e Calculating initial and final values.

* Recognizing the effect of component values on dynamic behavior.

Practicing these questions hones both conceptual understanding and computational speed.

Sample Objective Questions on Transient Response

Below are ten carefully crafted objective questions, each accompanied by a brief explanation. Use them as a study
aid or quiz material.

Question 1: RC Charging

A 10 k:e resistor is connected in series with a 100 puF capacitor and a 12 V DC supply. What is the voltage across the



capacitor after 5 /ms?

1. 35NV
2. 6.5/V
3. 89NV
4. 11.7 IV

Answer: 8.9 /V

Explanation: The time constant <@ = RC = 10 k:e x 100 puF = 1 s. After 5 ms (0.005 s), the capacitor voltage is \(V_C =
V_s(1-eM-t/<GO’'$, "f OUg20 a WO'$, &' deA'a

Question 2: RL Current Rise

In an RL circuit with a 5/’ &W6—7F+" @B S 60, —.eGV7F+, what is the current after 2 /ms when a 10 /V source is applied?

1. 0.8/A
2. 1.2/A
3. 16/A
4. 2.0/A

Answer: 1.2 /A

Explanation: <B O Ag" O S 60, 0 R 6© = 0.01 /s. Current \(I(t) = (V_s/R)(1 - eN-t/<GO' O "f OUg20 &0’ $, 4" 6 A'a
Question 3: Step Response of an RLC Circuit

A series RLC circuithasR=10/’AAO 60A @B2 0O OT.What is the damping ratio ;cd

. 05
. 0.707
. 1.0
.15

A WON PP

Answer: 0.707
Explanation: \(;b O "0f%C7 t{L/C}) = 10/(2\sqrt{0.1/10"{-5}}) "H 0.707\), indicating a critically damped system.

Question 4: Settling Time

For a first order RC circuit with <B O &" +0, what is the time required to reach within 2% of the final value?

1. 0.02/s
2. 0.04 /s
3. 0.08/s
4. 0.12/s

Answer: 0.08 /s
Explanation: Settling time for 2% is approximately 4<BOBr 4"+2 O &, +0.

Question 5: Impulse Response
When an impulse of magnitude 1 /A is applied to a pure inductor of 10 /H, what is the peak current?
1. 0.1/A

2. 1/A
3. 10/A



4. 100 /A
Answer: 1 /A
Explanation: The impulse response of an inductor is \(I(t) = \frac{1}{L} \delta(t)\). The integral over time gives a peak
of 1 /A.
Question 6: Voltage Divider Transient
A 100 k:e resistor is connected in series with a 10 pF capacitor to a 5 V step input. What is the voltage across the

resistor after 1 /ms?

1. 495V
2. 45V
3.40/V
4. 3.0V

Answer: 4.95 /V
Explanation: <B O $2 O 630 x 10 /uF = 1 /s. After 1 /ms, \(V_R "H 5(1 - e7{-0.001}) "H 4.95 /\W\).

Question 7: Time Constant Calculation

In an RC low pass filter, the cutoff frequency is 1 /kHz. What is the capacitance if the resistor is 1 /k:“0
1. 0.159 /uF
2. 1.59 /yF

3. 15.9 |uF
4. 159 |uF

Answer: 0.159 /uF

Explanation: \(f_c = 1/(2< $2' "2 O 0f#AfR) "H 0.159 /uF\).

Question 8: Damped Oscillation Period

An RLC circuit has L =50 /mH, C = 10 /uF, and R = 10 /:’a What is the period of the damped oscillation?

1. 0.5/ms
2. 1/ms
3. 2/ms
4. 5/ms

Answer: 1/ms

Explanation: Natural frequency <e6a = 1/" (LC) = 1/" (0.05 x 10 { u) "H 1414 rad/s. Damped frequency <s6@ "H <<6a (since ; i
Period T = 2<
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