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When analyzing electrical circuits that contain reactive components such as capacitors and inductors,
understanding how to calculate the voltage across the capacitor and the current through the inductor is
fundamental. These calculations are essential in designing and troubleshooting AC and transient circuits,
where energy is stored and exchanged between magnetic and electric fields. This article provides a comprehensive
guide on how to approach such calculations systematically, including methods for steady-state and
transient analysis, and offers practical examples to illustrate the concepts.

Understanding the Fundamental Concepts

Reactive Components in Circuits

Reactive components—capacitors and inductors—store energy temporarily and influence the circuit’s behavior
significantly, especially in AC circuits. Their impedance varies with frequency:
- Capacitor: Impedance \( Z_C = \frac{1}{j \omega C} \)
- Inductor: Impedance \( Z_L = j \omega L \)

Where:
- \( j \) is the imaginary unit
- \( \omega \) is angular frequency (\( 2\pi f \))
- \( C \) is capacitance
- \( L \) is inductance

Understanding these impedance relationships is critical for calculating voltages and currents.

Steady-State vs. Transient Analysis

- Steady-State Analysis: Considers the circuit after initial transients have died out, typically for sinusoidal
steady-state AC or DC circuits with capacitors/inductors (DC after long time, AC at a fixed frequency).
- Transient Analysis: Focuses on the circuit’s response immediately after a change, such as switching, involving
exponential functions to describe voltage and current evolution over time.

Calculating Capacitor Voltage

In DC Circuits

- When a capacitor charges through a resistor from a DC source:
- The voltage across the capacitor approaches the supply voltage after sufficient time.
- The initial voltage depends on the circuit conditions before switching.
- At steady state, the capacitor acts as an open circuit for DC, so no current flows.

Key steps:



1. Identify the circuit configuration after switching.
2. Apply KVL or KCL to find the steady-state voltage.
3. Use initial conditions for transient analysis if needed.

In AC Circuits

- The capacitor voltage varies sinusoidally with time.
- To determine the voltage:
1. Convert circuit impedance to phasor form.
2. Use Ohm’s law in the phasor domain: \( V_C = I \times Z_C \).
3. Calculate the current \( I \) based on the source voltage and total impedance.
4. Find the voltage across the capacitor from the phasor current and impedance.

Example:
Suppose a series RC circuit with a sinusoidal source \( V_s(t) = V_m \sin(\omega t) \):
- Convert \( V_s \) to phasor \( V_s \).
- Determine total impedance \( Z_{total} = R + \frac{1}{j \omega C} \).
- Calculate phasor current \( I = \frac{V_s}{Z_{total}} \).
- Find capacitor voltage \( V_C = I \times Z_C \).

Calculating Inductor Current

In DC Circuits

- When an inductor is connected in a DC circuit:
- Initially, it resists change in current, acting as an open circuit.
- Over time, current reaches a steady state as the inductor behaves like a short circuit.
- Steady-state current: \( I_{L} = \frac{V}{R} \) (assuming resistor \( R \) in series).

Transient response:
- The current follows \( I(t) = I_{initial} + (I_{final} - I_{initial}) (1 - e^{-\frac{t}{\tau}}) \),
- where \( \tau = \frac{L}{R} \) is the time constant.

In AC Circuits

- The inductor current is related to the applied voltage by impedance:
- \( I_L = \frac{V_{source}}{Z_L} = \frac{V_{source}}{j \omega L} \).
- The phase difference: Current leads voltage by 90°.

Procedure:
1. Express the source voltage as a phasor.
2. Calculate the inductor impedance.
3. Use Ohm’s law \( I_L = \frac{V_{source}}{Z_L} \).
4. Convert the phasor current back to time domain if needed.

Step-by-Step Approach to Circuit Analysis



Step 1: Simplify the Circuit

- Identify all reactive components.
- Convert all circuit elements into their impedance form in the frequency domain.

Step 2: Choose the Analysis Method

- For steady-state sinusoidal sources, use phasor analysis.
- For transient responses, use differential equations.

Step 3: Write the Governing Equations

- Apply Kirchhoff’s Voltage Law (KVL) and Kirchhoff’s Current Law (KCL).
- For transient analysis, write differential equations based on capacitor and inductor voltage-current
relationships:
- \( i_C(t) = C \frac{d v_C(t)}{dt} \)
- \( v_L(t) = L \frac{d i_L(t)}{dt} \)

Step 4: Solve for Unknowns

- Use algebraic methods in phasor form for steady-state.
- Solve differential equations or use Laplace transforms for transient.

Step 5: Convert Back to Time Domain

- If working in phasors, convert the results back to the time domain.
- For transient solutions, use inverse Laplace transforms.

Practical Example

Imagine a circuit with a 12V sinusoidal source at 60Hz, a resistor \( R = 100\, \Omega \), a capacitor \( C =
10\, \mu F \), and an inductor \( L = 100\, mH \). The configuration is series, with the source connected to the
resistor, then the capacitor, then the inductor.

Step 1: Convert source voltage to phasor:
- \( V_s = 12 \angle 0^\circ\, V \).

Step 2: Calculate impedance:
- \( Z_R = 100\, \Omega \),
- \( Z_C = \frac{1}{j \omega C} = \frac{1}{j 2 \pi \times 60 \times 10 \times 10^{-6}} \approx -j 26.53\,
\Omega \),
- \( Z_L = j \omega L = j 2 \pi \times 60 \times 0.1 \approx j 37.7\, \Omega \).

Step 3: Find total impedance:
- \( Z_{total} = Z_R + Z_C + Z_L = 100 - j 26.53 + j 37.7 = 100 + j 11.17\, \Omega \).

Step 4: Calculate phasor current:
- \( I = \frac{V_s}{Z_{total}} = \frac{12 \angle 0^\circ}{\sqrt{100^2 + 11.17^2} \angle



\arctan(11.17/100)} \).

- Magnitude:
\( |Z_{total}| \approx \sqrt{100^2 + 11.17^2} \approx 100.62\, \Omega \),

- Phase angle:
\( \phi = \arctan(11.17/100) \approx 6.4^\circ \).

- Therefore:
\( I \approx \frac{12}{100.62} \angle -6.4^\circ \approx 0.119 \angle -6.4^\circ\, A \).

Step 5: Determine capacitor voltage:
- \( V_C = I \times Z_C \),
- \( Z_C = -j 26.53\, \Omega \),
- \( V_C = 0.119 \angle -6.4^\circ \times 26.53 \angle -90^\circ \),
- Magnitude:
\( |V_C| = 0.119 \times 26.53 \approx 3.16\, V \),
- Phase:
\( -6.4^\circ - 90^\circ = -96.4^\circ \).

- Final phasor:
\( V_C \approx 3.16 \angle -96.4^\circ\, V \).

This indicates the capacitor voltage lags the source by approximately 96.4°, and its magnitude is about
3.16V.

Step 6: Determine inductor current:
- \( I_L = I \), as they are in series, so the inductor current is the same as the circuit current:
- \( I_L \approx 0.119 \angle -6.4^\circ\,A \).

Step 7: Convert to time domain:
- \( v_C(t) = |V

Frequently Asked Questions

How do you calculate the capacitor voltage in a circuit with a resistor,
capacitor, and inductor during steady state?

In steady state, the capacitor voltage can be found by analyzing the voltage division or applying Kirchhoff's
Voltage Law (KVL), considering the impedance of the inductor and resistor, and using the relation Vc = Q / C
or the phasor approach for AC circuits.

What is the method to determine the inductor current in a transient circuit
involving a capacitor and resistor?

You solve the differential equations governing the circuit, applying initial conditions, to find the inductor
current over time. Typically, this involves solving the circuit's characteristic equations or using Laplace
transforms.

How does the initial charge on the capacitor affect the capacitor voltage
and inductor current in the circuit?

The initial charge on the capacitor determines its initial voltage, which influences the initial inductor current
through the circuit's energy exchange. These initial conditions are essential for solving the transient response.



What is the significance of impedance in calculating the capacitor voltage
and inductor current in AC circuits?

Impedance combines resistance, inductive reactance, and capacitive reactance, allowing you to analyze the
circuit as a complex impedance. This facilitates calculating steady-state voltages and currents, including the
capacitor voltage and inductor current.

How can I use phasor analysis to find the capacitor voltage and inductor
current in an AC steady-state circuit?

Convert circuit elements to their impedance form, represent voltages and currents as phasors, and apply circuit
analysis techniques to find the phasor voltages and currents. Then, convert back to the time domain to obtain
the actual waveforms.

What role do initial conditions play in calculating the transient response
of capacitor voltage and inductor current?

Initial conditions such as initial capacitor voltage and inductor current are necessary to solve the
differential equations accurately, as they determine the particular solution of the circuit's transient
response.

Can you explain how to find the time constant for a circuit with a resistor,
capacitor, and inductor?

The time constant depends on the circuit configuration. For an RC circuit, τ = RC; for an RL circuit, τ = L / R. In
RLC circuits, a second-order differential equation is involved, and the time constants relate to damping and
oscillation periods.

What are common methods to simulate the capacitor voltage and inductor
current in complex circuits?

Simulation tools like SPICE or circuit simulators allow you to model the circuit and analyze the transient
and steady-state responses, providing detailed waveforms of capacitor voltage and inductor current.

How do the frequency of the AC source and circuit parameters influence the
capacitor voltage and inductor current?

Higher frequencies increase inductive reactance and decrease capacitive reactance, affecting the impedance and
thus changing the amplitudes and phase angles of the capacitor voltage and inductor current in AC circuits.

What are the typical steps to analyze and calculate the capacitor
voltage and inductor current in a given RLC circuit?

First, identify initial conditions and circuit parameters; then, write the differential equations; solve these
equations using methods like Laplace transforms or characteristic equations; finally, interpret the solution
to find the capacitor voltage and inductor current over time.

Additional Resources
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Understanding how to analyze and calculate the capacitor voltage and inductor current in electrical
circuits is fundamental in the fields of electronics and electrical engineering. These components are essential in
energy storage, filtering, and transient response management in AC/DC circuits. In this comprehensive guide, we
will delve into the principles, methods, and step-by-step procedures required to accurately determine the
capacitor voltage and inductor current in various circuit configurations.

---

Introduction to Capacitors and Inductors in Circuits

Before diving into calculations, it’s vital to understand the roles and behaviors of capacitors and inductors.

Capacitors
- Energy Storage: Store electrical energy in an electric field.
- Voltage-Current Relationship: \( i_C(t) = C \frac{d v_C(t)}{dt} \)
- Behavior in Circuits:
- Resist sudden changes in voltage.
- Pass AC signals while blocking DC (in steady state).
- Voltage across capacitor cannot change instantaneously.

Inductors
- Energy Storage: Store energy in a magnetic field.
- Voltage-Current Relationship: \( v_L(t) = L \frac{d i_L(t)}{dt} \)
- Behavior in Circuits:
- Resist sudden changes in current.
- Pass DC in steady state while opposing rapid current changes.
- Current through inductor cannot change instantaneously.

---

Basic Concepts for Calculation

Calculating the capacitor voltage and inductor current involves considering:

- Initial Conditions: Voltages across capacitors and currents through inductors at \( t=0^- \).
- Circuit Topology: How components are connected (series, parallel, complex networks).
- Type of Circuit Analysis: Transient (time-varying) or steady-state.
- Sources: Voltage sources, current sources, or other signals.

---

Step-by-Step Approach to Calculation

To methodically analyze a circuit and find the capacitor voltage and inductor current, follow these steps:

1. Identify the Type of Analysis
- Transient Analysis: Focused on how voltages and currents change over time, especially after switching
events.
- Steady-State Analysis: Long-term behavior where voltages and currents are constant or sinusoidal.

2. Establish Initial Conditions
- For capacitors: Voltage across the capacitor at \( t=0^- \) (\( v_C(0^-) \))



- For inductors: Current through the inductor at \( t=0^- \) (\( i_L(0^-) \))
- These conditions are crucial for solving differential equations.

3. Simplify the Circuit
- Use circuit reduction techniques:
- Combine series and parallel components.
- Replace sources with their equivalent (e.g., Thevenin or Norton equivalents).
- For time-dependent sources, note their behavior at \( t=0 \) and beyond.

4. Write the Differential Equations
- Use the fundamental relationships:
- For capacitors: \( i_C(t) = C \frac{d v_C(t)}{dt} \)
- For inductors: \( v_L(t) = L \frac{d i_L(t)}{dt} \)
- Apply Kirchhoff’s Voltage Law (KVL) and Kirchhoff’s Current Law (KCL) to obtain equations governing the
circuit.

5. Solve Differential Equations
- Use appropriate methods:
- Homogeneous and particular solutions.
- Laplace Transform method for complex circuits.
- Incorporate initial conditions to find particular solutions.

6. Determine the Voltages and Currents
- From the solutions of the differential equations, extract:
- Capacitor voltage: \( v_C(t) \)
- Inductor current: \( i_L(t) \)

---

Applying Laplace Transform for Circuit Analysis

The Laplace Transform is a powerful tool for solving circuit differential equations, especially when initial
conditions are involved.

1. Convert Circuit to s-Domain
- Replace circuit elements:
- Capacitor: \( V_C(s) = \frac{I_C(s)}{sC} \)
- Inductor: \( V_L(s) = sL I_L(s) \)
- Transform sources and initial conditions:
- Initial capacitor voltage: \( v_{C}(0^-) \) becomes a voltage source in the s-domain.
- Initial inductor current: \( i_{L}(0^-) \) becomes a current source.

2. Write the Circuit Equations in s-Domain
- Use KVL and KCL to formulate algebraic equations.

3. Solve for Unknowns
- Solve algebraic equations for \( V_C(s) \) and \( I_L(s) \).

4. Inverse Laplace Transform
- Find the time domain functions \( v_C(t) \) and \( i_L(t) \) by inverse transforming.

---



Common Circuit Configurations and Calculations

Let’s explore some typical circuits and the process to compute capacitor voltage and inductor current.

Series RLC Circuit (Transient Response)

Circuit Description
- Components: Resistor (R), Inductor (L), Capacitor (C) in series.
- Input: Step voltage source \( V_s \).

Procedure
1. Write the second-order differential equation:
\[
L \frac{d^2 v_C(t)}{dt^2} + R \frac{d v_C(t)}{dt} + \frac{v_C(t)}{C} = V_s(t)
\]
2. Apply initial conditions for \( v_C(0^-) \) and \( i_L(0^-) \).
3. Solve for \( v_C(t) \) considering damping conditions (overdamped, underdamped, or critically damped).
4. The inductor current:
\[
i_L(t) = C \frac{d v_C(t)}{dt}
\]

Parallel RLC Circuit (Steady-State)

Circuit Description
- Components: Resistor (R), Inductor (L), Capacitor (C) in parallel.
- Input: Sinusoidal AC source.

Procedure
1. Find impedance of each branch:
- \( Z_R = R \)
- \( Z_L = j \omega L \)
- \( Z_C = \frac{1}{j \omega C} \)
2. Calculate total impedance and current distribution.
3. Determine voltage across capacitor and inductor currents using phasor analysis.

---

Transient Response: Calculating Capacitor Voltage and Inductor
Current

In transient analysis, the focus is on how the circuit responds immediately after a switching event, such as
closing a switch or applying a source.

Example: Step Response of an RC Circuit

Suppose an RC circuit with initial capacitor voltage \( v_C(0^-) = V_0 \), connected to a voltage source \(
V_s \):

- Differential equation:
\[
v_C(t) + R C \frac{d v_C(t)}{dt} = V_s
\]
- Solution:
\[



v_C(t) = V_s + [V_0 - V_s] e^{-\frac{t}{RC}}
\]
- The inductor current (if an inductor were involved) can be found similarly using the relation \( i_L(t) =
\frac{1}{L} \int v_L(t) dt \).

Example: Step Response of an RL Circuit

Suppose an RL circuit with initial current \( i_L(0^-) = I_0 \), connected to a DC voltage source \( V_s \):

- Differential equation:
\[
V_s = L \frac{d i_L(t)}{dt} + R i_L(t)
\]
- Solution:
\[
i_L(t) = I_{ss} + [I_0 - I_{ss}] e^{-\frac{R}{L} t}
\]
where \( I_{ss} = \frac{V_s}{R} \).

---

Steady-State Analysis and Power Considerations

In steady state, capacitors act as open circuits for DC, and inductors as short circuits (assuming ideal
components). However, in AC steady state, impedance must be considered.

Voltage across Capacitors
- For sinusoidal steady-state:
\[
V_C(\omega) = \frac{I(\omega)}{j \omega C}
\]
- The capacitor voltage lag or leads the current depending on the circuit.

Current through Inductors
- In sinusoidal steady state:
\[
I_L(\omega) = \frac{V(\omega)}{j \omega L}
\]
- The inductor current phase difference indicates energy exchange between magnetic field and circuit.

---

Practical Tips and Common Pitfalls

- Always verify initial conditions before solving differential equations.
- Remember that voltages across capacitors can’t change instantaneously; similarly, inductor currents can’t
change instantaneously.
- Use Laplace transforms for complex circuits with initial conditions.
- When solving in the time domain, consider whether the response is overdamped, underdamped, or critically
damped.
- Be cautious with units
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