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A 20 KN2 Resistor Is Connected In Series With An Initially Uncharged 100 UF
Capacitor And A 5 V Battery. This classic electrical circuit setup offers a valuable
insight into the fundamental principles of RC (resistor-capacitor) circuits. Understanding
how the resistor, capacitor, and power source interact over time is essential for students,
engineers, and electronics enthusiasts aiming to grasp the dynamics of charging and
discharging processes in capacitive circuits. In this comprehensive guide, we explore the
circuit's behavior, the mathematical modeling involved, practical applications, and key
considerations for designing and analyzing such systems.

---

Understanding the RC Circuit Components

Before diving into the specifics of the circuit, it’s important to understand each
component’s role and characteristics.

The Resistor (20 KN2)

Resistance Value: 20 kilo-ohms (KΩ), equivalent to 20,000 ohms.

Function: Limits the current flow through the circuit, controlling the rate of
charging the capacitor.

Power Dissipation: The resistor will dissipate energy as heat, which can be
calculated based on the current passing through it.

The Capacitor (100 UF)

Capacitance: 100 microfarads (μF), or 100 × 10^-6 F.

Initial Condition: Uncharged at the start (initial voltage across the capacitor is 0
V).

Function: Stores electrical energy in the electric field, charging over time when
connected to a voltage source.



The Battery (5 V)

Voltage: 5 volts, providing the potential difference needed to charge the capacitor.

Role: Acts as the power source, driving current through the circuit during the
charging process.

---

Analyzing the Circuit Behavior

When the circuit is connected, the capacitor begins to charge from an uncharged state.
The process follows an exponential pattern governed by the circuit's time constant.

Initial Conditions and Assumptions

The capacitor initially has zero charge (voltage across it is 0 V).

The circuit is closed at t=0, initiating the charging process.

Resistive and capacitive elements are ideal, with no parasitic effects.

The battery maintains a constant 5 V voltage throughout the process.

Charging Dynamics and Mathematical Modeling
The voltage across the capacitor (Vc(t)) and the current (i(t)) evolve over time as
described by the fundamental equations:

Voltage across the capacitor:1.
Vc(t) = Vsource × (1 - e-t/RC)

Charging current:2.
i(t) = (Vsource/R) × e-t/RC



Where:

Vsource = 5 V

R = 20,000 Ω

C = 100 μF = 100 × 10-6 F

RC = Time constant (seconds)

The time constant (τ) is a crucial parameter, representing how quickly the capacitor
charges:

τ = R × C = 20,000 Ω × 100 × 10-6 F = 2 seconds

This means that after approximately 2 seconds, the capacitor voltage reaches about 63.2%
of the source voltage, and the current decreases to about 36.8% of its initial value.

Graphical Representation
Visualizing the charging process helps in understanding the circuit's behavior:

The capacitor voltage (Vc) starts at 0 V and asymptotically approaches 5 V.

The charging current (i) begins at its maximum value and decays exponentially to
zero.

---

Practical Calculations and Key Parameters

Understanding the quantitative aspects of the circuit allows for precise design and
analysis.

1. Initial Charging Current
At t=0, the capacitor acts like a short circuit, so the initial current is:

iinitial = Vsource / R = 5 V / 20,000 Ω = 0.00025 A = 250 μA



2. Voltage Across the Capacitor Over Time
Using the voltage equation:

Vc(t) = 5 V × (1 - e-t/2)

Some key time points:
- At t = 2 seconds (one time constant): Vc ≈ 5 V × (1 - e-1) ≈ 3.16 V
- At t = 4 seconds (two time constants): Vc ≈ 4.16 V
- At t = 6 seconds (three time constants): Vc ≈ 4.66 V

3. Final Steady-State
After a long period (several times the time constant), the capacitor voltage approaches 5
V, and current drops to nearly zero, effectively making the capacitor behave like an open
circuit.

4. Energy Stored in the Capacitor
The energy stored (E) when fully charged is:

E = 0.5 × C × V2 = 0.5 × 100 × 10-6 F × (5 V)2 = 0.00125 J (1.25 millijoules)

---

Discharging the Capacitor

While the original scenario involves charging, understanding discharging is equally
important.

Discharge Process
If the circuit is disconnected from the battery and the capacitor is allowed to discharge
through the resistor, the voltage and current decay exponentially:

Vc(t) = Vinitial × e-t/RC

Discharge Time Constant
The time constant remains the same (τ = 2 seconds), dictating how quickly the capacitor
loses its stored energy.



---

Practical Applications of RC Circuits

RC circuits like the one described are foundational in numerous electronic applications.
Some common uses include:

Timing Circuits: RC circuits are used to generate specific time delays, such as in1.
timers or oscillators.

Filtering: They serve as low-pass or high-pass filters in signal processing, allowing2.
certain frequencies to pass while attenuating others.

Analog Signal Processing: Used in integrators and differentiators within analog3.
computers and audio processing equipment.

Sensor Circuits: Capacitors help smooth out signals from sensors, with resistors4.
controlling response times.

---

Design Considerations and Practical Tips

When working with RC circuits in real-world applications, several factors should be
considered:

1. Component Tolerances
- Resistors and capacitors have manufacturing tolerances that can affect the circuit's time
constant.
- Use precision components for accurate timing or filtering requirements.

2. Power Dissipation
- Ensure the resistor can handle the initial current and power dissipation:

Power dissipated: P = I2 × R

At t=0, P = (0.00025 A)2 × 20,000 Ω = 1.25 mW

- Using a resistor with an appropriate wattage rating ensures safety and reliability.



3. Physical Layout
- Minimize parasitic inductance and capacitance by proper PCB layout.
- Keep leads short and components well-spaced.

4. Temperature Effects
- Resistance and capacitance values can drift with temperature, influencing circuit
performance.

5. Safety Precautions
- Always verify circuit connections before powering.
- Use appropriate voltage

Frequently Asked Questions

What is the initial current in the circuit when the
resistor is connected to the uncharged capacitor and
battery?
Initially, the current is maximum and can be calculated using Ohm's law as I = V / R = 5 V
/ 20,000 Ω = 0.00025 A (or 250 μA).

How does the voltage across the capacitor change over
time in this RC circuit?
The voltage across the capacitor increases exponentially from 0 V towards 5 V, following
the equation Vc(t) = V(1 - e^(-t/RC)).

What is the time constant (τ) of this RC circuit?
The time constant τ is given by τ = R × C = 20,000 Ω × 100 μF = 20,000 × 100 × 10^-6 F
= 2 seconds.

How long does it take for the capacitor to charge up to
approximately 63% of the battery voltage?
It takes about one time constant, which is 2 seconds, for the capacitor to reach
approximately 63% of 5 V, i.e., about 3.15 V.

What is the maximum voltage across the resistor during



charging?
The maximum voltage across the resistor occurs at the start when the capacitor is
uncharged, and it equals the battery voltage of 5 V, decreasing to zero as the capacitor
charges.

How does the energy stored in the capacitor relate to
the voltage and capacitance?
The energy stored in the capacitor is given by E = (1/2) C V^2 = 0.5 × 100 μF × (5 V)^2
= 0.5 × 100 × 10^-6 F × 25 V^2 = 1.25 millijoules.

What happens to the current after a long time in this RC
circuit?
After a long time (several time constants), the capacitor becomes fully charged to 5 V, and
the current drops to zero.

Can this circuit be used as a timing device, and why?
Yes, because the charging and discharging times depend on the RC time constant, making
it useful for timing applications.

What would happen if the resistor value were increased
significantly?
Increasing the resistance would increase the time constant, causing the capacitor to
charge more slowly, affecting the timing and response of the circuit.

Additional Resources
Resistor-Capacitor (RC) Circuit Analysis: A Deep Dive into a 20 kΩ Resistor with a 100 μF
Capacitor and a 5 V Power Supply

When exploring the fundamental concepts of electronics, RC circuits serve as
quintessential examples of how resistors and capacitors interact to produce dynamic
behaviors. In this article, we examine a specific configuration: a 20 kilo-ohm (kΩ) resistor
connected in series with an initially uncharged 100 microfarad (μF) capacitor, powered by
a 5-volt (V) battery. This setup exemplifies classic transient response phenomena, and
understanding its operation provides essential insights into circuit design, signal
processing, and electronic timing applications.

---



Introduction to RC Circuits

An RC circuit consists of a resistor (R) and a capacitor (C) connected in series or parallel,
often powered by a voltage source. These circuits are fundamental for their ability to filter
signals, generate delays, and store energy temporarily. When the circuit is energized, the
capacitor begins to charge through the resistor, resulting in a gradual increase in voltage
across the capacitor and a corresponding decrease in current over time.

Why focus on this particular configuration? Because it embodies the core principles of
transient analysis, and the specific values—20 kΩ and 100 μF—are typical in many
practical applications, such as timing circuits, filters, and pulse shaping devices.

---

Component Specifications and Their Significance

The Resistor: 20 kΩ

- Value and Power Rating: The resistor's resistance is 20,000 ohms, a moderately high
value that ensures slow charging and discharging times, making the transient behavior
more observable over practical timescales.
- Implications: High resistance limits current flow, reducing power dissipation and
controlling the rate of voltage change across the capacitor. The resistor's value directly
influences the RC time constant, as detailed below.

The Capacitor: 100 μF

- Capacitance Value: 100 microfarads, a common value in timing and filtering applications.
- Energy Storage: The capacitor stores electrical energy in an electric field, with the
ability to release it over time.
- Initial Conditions: The capacitor is initially uncharged, meaning its voltage at time zero is
zero volts, setting the stage for observing the charging process.

The Power Supply: 5 V Battery

- Voltage Level: Provides a constant potential difference to drive current through the
resistor and charge the capacitor.
- Steady State: Once fully charged, the capacitor will block DC current, acting as an open
circuit, and the voltage across it will equal the battery voltage.

---



The Transient Response: Charging the Capacitor

Understanding the Circuit Dynamics

When the circuit is closed at t=0, the initially uncharged capacitor begins to accumulate
charge through the resistor, causing its voltage to increase from 0 V towards the supply
voltage of 5 V. The process is governed by the differential equations of RC circuits, which
describe how voltage and current evolve over time.

Mathematical Model and Key Equations

The fundamental equations describing the charging process are:

- Voltage across the capacitor:

\[
V_C(t) = V_{s} \left(1 - e^{-\frac{t}{RC}}\right)
\]

- Charging current:

\[
I(t) = \frac{V_{s}}{R} e^{-\frac{t}{RC}}
\]

Where:
- \(V_s = 5\,V\) (battery voltage),
- \(R = 20\,k\Omega = 20,000\,\Omega\),
- \(C = 100\,μF = 100 \times 10^{-6}\,F\),
- \(t\) is time in seconds,
- \(e\) is the base of natural logarithm.

The RC Time Constant

The time constant (\(\tau\)) of an RC circuit is a critical parameter dictating how quickly
the capacitor charges:

\[
\boxed{\tau = R \times C}
\]

Calculating this:

\[



\tau = 20,000\,Ω \times 100 \times 10^{-6}\,F = 2\, \text{seconds}
\]

This means that after approximately 2 seconds, the capacitor's voltage will reach about
63.2% of the supply voltage, and after about 5τ (~10 seconds), it will be considered fully
charged (approaching 99%).

---

In-Depth Analysis of Charging Behavior

Voltage Across the Capacitor Over Time

At t=0, \(V_C(0) = 0\,V\). As time progresses:

- Initial phase: The current is at its maximum:

\[
I(0) = \frac{V_s}{R} = \frac{5\,V}{20,000\,Ω} = 0.00025\,A = 250\,μA
\]

- Progression: The voltage across the capacitor increases exponentially:

\[
V_C(t) = 5 \left(1 - e^{-\frac{t}{2}}\right)
\]

- At t=2 seconds:

\[
V_C(2) \approx 5 \times (1 - e^{-1}) \approx 5 \times (1 - 0.368) \approx 3.16\,V
\]

- At t=5 seconds:

\[
V_C(5) \approx 5 \times (1 - e^{-2.5}) \approx 5 \times (1 - 0.082) \approx 4.59\,V
\]

- Full charge approximation: After about 10 seconds, the capacitor voltage is very close to
5 V.

Current Decay Profile

The current exponentially decreases as the capacitor charges:



\[
I(t) = \frac{V_s}{R} e^{-\frac{t}{2}} = 250\,μA \times e^{-\frac{t}{2}}
\]

- At t=0: 250 μA
- At t=2 seconds:

\[
I(2) \approx 250\,μA \times e^{-1} \approx 250\,μA \times 0.368 \approx 92\,μA
\]

- At t=5 seconds:

\[
I(5) \approx 250\,μA \times e^{-2.5} \approx 250\,μA \times 0.082 \approx 20.5\,μA
\]

The current diminishes rapidly, approaching zero as the capacitor approaches full charge.

---

Practical Implications and Applications

Timing and Delay Circuits

The RC circuit's predictable time constant makes it ideal for timing applications. For
instance, in a delay timer, the capacitor charges over a set period, toggling switches or
triggering events once a specific voltage threshold is reached.

Filtering and Signal Smoothing

The RC network acts as a low-pass filter, smoothing out rapid voltage fluctuations. This
behavior is critical in audio electronics, sensor signal conditioning, and noise reduction.

Energy Storage and Power Management

Understanding the charging characteristics aids in designing circuits that manage energy
storage, such as in power supply smoothing or transient suppression.

---



Design Considerations and Variations

Adjusting the Resistance and Capacitance

- Increasing R or C extends the time constant, leading to slower charging.
- Decreasing R or C results in faster response times but may increase current flow and
power dissipation.

Power Dissipation in the Resistor

The resistor dissipates energy as heat:

\[
P = I^2 R
\]

At t=0:

\[
P = (250\,μA)^2 \times 20,000\,Ω \approx 1.25\,mW
\]

This is well within typical resistor ratings, but higher currents or resistance values should
be designed carefully to avoid overheating.

Effect of Different Battery Voltages

Using a higher or lower voltage source alters the final voltage across the capacitor and the
initial current, affecting charging times and energy storage capacity.

---

Conclusion: Insights from the 20 kΩ, 100 μF RC
Circuit

This specific RC configuration exemplifies fundamental transient behaviors that are
central to the design and analysis of electronic systems. The 20 kΩ resistor and 100 μF
capacitor, driven by a 5 V battery, provide a clear illustration of how resistance and
capacitance determine the charging profile, energy storage, and timing characteristics.

From a practical standpoint, understanding these dynamics enables engineers and



hobbyists to tailor RC circuits for precise timing, filtering, and energy management tasks.
The calculated time constant of 2 seconds offers a predictable and manageable scale for
experimental setups, educational demonstrations, and real-world applications such as
delay timers, sensor signal conditioning, and pulse shaping.
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