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Introduction

In the realm of electrical engineering and circuit analysis, capacitors play a fundamental role in energy
storage, filtering, and signal processing. Understanding how a capacitor charges over time when subjected
to a constant current is essential for designing and analyzing various electronic devices. This article delves
into a specific problem: calculating the voltage across a capacitor with a known capacitance when it is
charged by a steady current. Specifically, we examine the scenario where an uncharged 100-farad (100-f)
capacitor is charged by a constant current of 1 milliampere (1 mA). By exploring the principles involved,
the mathematical derivation, and practical implications, this piece aims to provide a comprehensive

understanding suitable for students, engineers, and electronics enthusiasts.

Fundamentals of Capacitors

What Is a Capacitor?

A capacitor is a passive electronic component that stores electrical energy in an electric field between two
conductive plates separated by an insulating material called a dielectric. Its primary characteristic is

capacitance, denoted by 'C,' which indicates the amount of charge it can store per unit voltage.

Capacitance and Its Units

- Capacitance (C): Measured in farads (F)



- Common Subunits:

- Microfarad (uF) = 10-6 F
- Nanofarad (nF) = 10-9 F
- Picofarad (pF) = 10-12 F

In our problem, the capacitance is 100 fF (femtofarads), which is 100 x 10-15 F.

Charging a Capacitor with Constant Current

The Concept of Charging

‘When a capacitor is connected to a current source, the current flows into the plates, accumulating charge
over time. Unlike voltage sources, which maintain a fixed voltage, current sources deliver a steady

current, causing the voltage across the capacitor to change depending on the amount of charge stored.

Relation Between Current, Charge, and Voltage

The fundamental relation governing the charging of a capacitor is:

\

Q= C \times V

\

‘Where:

- \(Q\) is the charge stored on the capacitor (in coulombs, C)
- \(C\) is the capacitance (in farads, F)

- \(V\) is the voltage across the capacitor (in volts, V)

Since the charge \(Q\) accumulates over time when a current \(I\) flows:

\

Q(t) =T \times t

\]

Combining the two equations gives:



\[
V(t) = \frac{Q(t) }{C} = \frac{I \times t}{C}
\]

This equation indicates that the voltage across the capacitor increases linearly with time when charged

with a constant current.

Mathematical Derivation of Voltage Across the Capacitor

Given Data:

- Capacitance, \(C = 100\, \text{fF} = 100 \times 10"{-15}\, \text{F}\)
- Constant current, \(I = 1\, \text{mA} = 1 \times 10"{-3}\, \text{A}\)
- Initial voltage, \(V_0 = 0\, \text{V}\) (since the capacitor is initially uncharged)

Calculating Voltage as a Function of Time

Starting with:

\
V(t) = \frac{Q(t)}{C}
\

and knowing:

\
Q(t) = I \times t

V(t) = \frac{I \times t}{C}
\]

Substituting the known values:



\[
V(t) = \frac{(1 \times 10"{-3}\, \text{A}) \times t}{100 \times 10"{-15}\, \text{F}} = \frac{10"{-3} \times
t}{10"{-13}} = 10"{10} \times t

]

-

where \(t\) is in seconds, and \(V(t)\) is in volts.

Therefore:

\
V(t) = 10/{10} \times t
\

This linear relationship suggests that the voltage across the capacitor increases ten billion volts per second of

charging with a 1 mA current for this specific capacitance.

Practical Calculation: Voltage After a Given Time

Suppose we want to find the voltage after a certain time \(t\). For example, after 1 second:

\

V(1\, \text{s}) = 10"{10} \times 1 = 10"{10}\, \text{V}

\

This is an astronomically high voltage, indicating that charging such a tiny capacitor with a 1 mA current

would lead to extremely high voltages in a very short time—physically impractical in real circuits.

Implications and Real-World Considerations

Physical Limitations

- Voltage Limitations: Theoretically, the voltage increases indefinitely with time in an ideal circuit.
However, real-world limitations such as dielectric breakdown, insulation limits, and safety constraints

prevent the capacitor from reaching such high voltages.



- Capacitor Size and Capacitance: The extremely small capacitance (100 femtofarads) means the capacitor can

store very little charge, and thus, the voltage increases rapidly even with tiny amounts of charge.

Time to Reach a Specific Voltage

If we want to determine how long it takes to reach a certain voltage \(V_{\):

\

t = \frac{V_f \times C}{I}

\

For example, to reach 10 volts:

\

t = \frac{10\, \text{V} \times 100 \times 10"{-15}\, \text{F}}{1 \times 10"{-3}\, \text{A}} = \frac{10 \times
100 \times 10M{-15}}{10"{-3}} = \frac{1000 \times 10"{-15}}{10"{-3}} = 1000 \times 10{-12} = 10"{-0}\,
\text{seconds}

\

which is 1 nanosecond—a very short duration, illustrating rapid charging behavior in ultra-small capacitors.

Key Highlights and Summary

- When an uncharged capacitor is charged by a constant current, the voltage across it increases linearly
over time.

- The relationship is given by:

\[
V(t) = \frac{I \times t}{C}

\]

- For a 100 femtofarad capacitor charged with 1 mA current, the voltage increases by \(10"{10}\) volts per
second.
- In practical terms, such rapid voltage escalation is limited by physical and safety constraints, emphasizing

the importance of considering real-world factors in circuit design.



Conclusion

Charging a capacitor with a steady current provides valuable insights into the dynamics of energy storage
and voltage development. In the specific case of a 100-f capacitor charged by 1 mA, the voltage across the
capacitor grows extremely quickly, reaching high voltages in fractions of a second. This theoretical analysis
underscores the importance of understanding the interplay between capacitance, current, and voltage for
effective circuit design and safety. Engineers must account for these principles when working with

capacitors to prevent dielectric breakdown, ensure proper operation, and optimize performance.

Understanding these fundamental concepts not only aids in academic pursuits but also in practical
applications spanning power electronics, signal processing, and electronic device development. Always
remember that real-world applications involve additional complexities such as parasitic effects, resistance,

and safety margins, which must be considered for successful circuit implementation.
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Frequently Asked Questions

How do you calculate the voltage across a capacitor that is charged by a

constant current?

The voltage across a capacitor charged by a constant current is given by V = (I x t) / C, where I is the

current, t is the charging time, and C is the capacitance.

‘What is the voltage across a 100 pF capacitor after being charged by a 1

mA current for 1 second?

Using V=(Ix1)/C, V=(1x10"-3 A x 1s)/(100 x 10-6 F) = 10 V.

How long does it take to charge a 100 puF capacitor to 10 V with a 1 mA

current?

Rearranging V=(1x1)/C,t=(V xC)/I=(10 V x 100 x 10"-6 F) / (1 x 10"-3 A) = 1 second.



What is the significance of the constant current in charging the capacitor?

A constant current ensures a linear increase in voltage across the capacitor over time, making the charging

process predictable and uniform.

Can a 100 pF capacitor be fully charged with a 1 mA current, and what is

the maximum voltage it can reach?

Yes, it can be charged with 1 mA; theoretically, it can reach any voltage depending on the charging time,

but practically, the maximum voltage is limited by the power supply and dielectric strength.

What is the final voltage across the capacitor after a certain charging time

with a constant current?

The voltage after time t is given by V = (I x t) / C; it increases linearly with time when charged by a

constant current.

Additional Resources

An un-charged 100-f capacitor is charged by a constant current of 1 mA. Find the voltage across the
capacitor. This problem encapsulates fundamental principles of capacitor behavior under a steady current,
offering a rich context for understanding how capacitors accumulate charge and how voltage relates to
stored charge. It serves as an excellent example for students and professionals delving into electrical
engineering, electronics, and circuit analysis, illustrating the foundational relationship between current,

capacitance, and voltage.

Understanding the Fundamentals: Capacitors and Their Behavior

Capacitors are passive electronic components that store electrical energy in an electric field between two
conductive plates separated by an insulating dielectric. Their ability to store charge is characterized by a
parameter called capacitance, measured in farads (F). The basic relationship governing a capacitor's

operation is:
\[ Q= C \times V \]

where:

- \(Q\) is the charge stored (in coulombs),



- \(C\) is the capacitance (in farads),

- \(V\) is the voltage across the capacitor (in volts).
When a capacitor is initially uncharged, applying a current causes it to accumulate charge, which in turn

establishes a voltage across its plates. The rate at which this voltage increases depends on the magnitude and

nature of the current applied and the capacitor's capacitance.

Analyzing the Problem: Key Parameters and Given Data

In this scenario, the key parameters are:

- Capacitance, \(C = 100\, \text{fF} = 100 \times 10*{-15}\, \text{F}\)

- Applied current, \(I = 1\, \text{mA} = 1 \times 10"{-3}\, \text{A}\)

- Initial condition: The capacitor is initially uncharged, so \(V_0 = 0\, \text{V}\)

The goal is to find the voltage \(V(t)\) across the capacitor after a certain time \(t\). Since the problem

doesn't specify the duration, we will analyze the relationship between current, charge, and voltage as a

function of time, and express the voltage as a function of the applied current and time.

The Relationship Between Current, Charge, and Voltage

The fundamental relationship linking current and charge in a capacitor is:

\[ I(t) = \frac{dQ}{dt} \]

Given a constant current, the charge accumulated on the capacitor over time is:
\[Q(t) =1 \times t \]

Using the basic capacitor equation:

\[ V(t) = \frac{Q(t)}{C} \]

we derive:



\[ V(t) = \frac{I \times t}{C} \]

This simple linear relationship indicates that the voltage across a capacitor increases linearly with time

when subjected to a constant current.

Calculating Voltage Across the Capacitor

Suppose the capacitor is charged for a period \(t\) seconds under a constant current of 1 mA:
\[ V(t) = \frac{I \times t}{C} \]

Plugging in the values:

\[ V(t) = \frac{(1 \times 10*{-3}) \times t}{100 \times 10"{-15}} \]

\[ V(t) = \frac{10"{-3} \times t}{10"{-13}} \]

\[ V(t) = 10"{10} \times t \]

This expression shows that the voltage increases by \(10"{10}\) volts per second of charging time, which is

an enormous rate. To understand this better, let's consider specific durations:

- For 1 second:

\[ V(1\, \text{s}) = 10/{10} \times 1 = 10"{10}\, \text{V} \]

- For 1 millisecond (0.001 s):

\[ V(0.001\, \text{s}) = 10"{10} \times 0.001 = 10{7}\, \text{V} \]

- For 1 microsecond (10"{-6} s):

\[ V(10{-6}\, \text{s})= 10"{10} \times 10"{-6} = 10"{4}\, \text{V} \]

Implication: The voltage across such a tiny capacitor increases extremely rapidly with time when charged
with a small, steady current. This highlights the practical limitations: in real circuits, such high voltages

would cause dielectric breakdown or other failure modes, and the physical properties of the capacitor

would prevent such a scenario from occurring in practice.



Practical Considerations and Limitations

While the mathematical analysis provides a clear relationship, real-world applications introduce several

constraints:

- Voltage Limits: Capacitors have maximum voltage ratings, beyond which dielectric breakdown occurs.
For a 100-f capacitor, typical voltage ratings are in the range of a few volts to hundreds of volts, depending
on construction.

- Current Limitations: Applying a constant current of 1 mA over a long period would quickly lead to
voltages exceeding the capacitor’s rated voltage, potentially damaging the component.

- Physical Realities: In practice, the charging process is controlled, and the voltage across the capacitor is

monitored to prevent exceeding voltage ratings.
Features of the Charging Process:
| Feature | Description |

| Linearity | Voltage increases linearly with time under constant current. |
| Rapid Voltage Rise | For small capacitance, voltage can rise to high levels quickly. |

| Practical Constraints | Voltage ratings and dielectric strength limit real charging scenarios.

Alternative Scenarios and Extensions

The problem can be extended or modified in several ways to deepen understanding:
1. Charging Duration for a Given Voltage

Suppose you want to know how long it takes to reach a certain voltage, say 5 V:

\[ t = \frac{V \times C}{I} \]

\[ t = \frac{5 \times 100 \times 10"{-15}}{10"{-3}} = \frac{5 \times 10"{-13}}{10"{-3}} = 5 \times 10"{-10}\,
\text{s} \]

This extremely short duration underscores the rapid voltage increase in small capacitors with even modest



currents.

2. Effect of Different Capacitance Values

Larger capacitance values mean slower voltage increases under the same current:
- For a 1 uF capacitor under 1 mA:

\[ V(t) = \frac{10"{-3} \times t}{10"{-6}} = 10"{3} \times t \]

- For 1 puF, the voltage increases at 1000 V per second, which, while still rapid, is significantly slower than
for 100 fF.

3. Incorporating Realistic Voltage Limitations

In practice, the capacitor cannot be charged beyond its rated voltage (say, 50 V). The charging time to reach
this voltage:

\[ t = \frac{V_{max} \times C}{I} \]
For a 50 V rated voltage:
\[ t = \frac{50 \times 100 \times 10"{-15}}{10"{-3}} = 5 \times 10"{-9}\, \text{s} \]

which is 5 nanoseconds, demonstrating that such small capacitors reach their voltage limits almost

instantaneously under continuous current.

Summary and Key Takeaways

This problem exemplifies the fundamental relationship between current, charge, and voltage in capacitors.

The core conclusion is that:

\[ V(t) = \frac{I \times t}{C} \]

which describes a linear increase in voltage over time when charging a capacitor with a constant current.
Key points include:

- Small capacitance values lead to rapid voltage escalation under steady current.



- The relationship is straightforward but highlights practical limitations due to voltage ratings.
- In real applications, charging processes are controlled to prevent damage.
- The theoretical calculations emphasize the importance of considering physical and material constraints in

circuit design.

Final Thoughts: Bridging Theory and Practice

‘While the mathematical relationships are elegant and straightforward, they also serve as a reminder of the
importance of considering real-world constraints in electronics design. Small capacitors like 100-fF devices
are typically used in specialized applications such as high-frequency circuits, sensor interfaces, or integrated
circuits where the precise control of charge and voltage is essential. Understanding how these capacitors
behave under different charging conditions is crucial for engineers designing robust, safe, and efficient

electronic systems.

In conclusion, charging an uncharged 100-f capacitor with a constant 1 mA current results in an immediate
and rapid voltage increase, limited only by practical device ratings and physical constraints. The core
equations and analysis presented here provide a foundation for understanding capacitor dynamics under

steady current conditions, an essential aspect of electronic circuit theory and design.
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