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A Resistor With 800.0 Is Connected To The Plates Of A Charged Capacitor With
Capacitance 4.36F. Just as a fundamental scenario in electrical circuit analysis,
understanding the dynamics of how a resistor influences a charged capacitor provides
valuable insights into transient electrical phenomena. This setup is a classic example used
in physics and electrical engineering to illustrate concepts such as exponential discharge,
time constants, and energy transfer within RC circuits. In this comprehensive guide, we
delve into the principles governing this configuration, explore the mathematical models
describing its behavior, and discuss practical applications.

Understanding the Components: Resistor and
Capacitor

The Resistor

A resistor with a resistance value of 800.0 ohms (Q2) plays a key role in controlling the flow
of current within the circuit. Resistors are passive components that oppose current flow,
dissipating electrical energy as heat. The resistance value directly influences how quickly
a capacitor discharges when connected through the resistor.

The Capacitor

The capacitor in this scenario has a capacitance of 4.36 farads (F), a relatively large value
indicating it can store a significant amount of electrical energy. Capacitors are devices
that store energy in the electrostatic field between their plates, characterized by their
capacitance, which measures their ability to store charge per unit voltage.

Initial Conditions and Circuit Setup

Charged Capacitor Before Connection

Initially, the capacitor is charged to a certain voltage, say \(V_0\). The energy stored in the
capacitor is given by:

\[

E 0 =\frac{1}{2} CV 072

\]

where:



-\(E_0\) is the initial energy,
-\(C\) is the capacitance (4.36 F),
-\(V_0\) is the initial voltage across the plates.

The value of \(V_0\) depends on how the capacitor was initially charged, which is often
provided or assumed for calculations.

Connecting the Resistor to the Charged Capacitor

When the resistor is connected across the charged capacitor, a discharging process
begins. The circuit effectively becomes a simple RC (resistor-capacitor) discharging
circuit, where the capacitor releases its stored energy through the resistor.

The Discharge Process: Mathematical Model

The Governing Differential Equation

The voltage \(V(t)\) across the capacitor as a function of time during discharge follows the
first-order differential equation:

\[

\frac{dV}{dt} = -\frac{1}{RC} V

\]

where:

-\(R = 800.0\, \Omega\),

-\(C = 4.36\,F\).

This equation describes how the voltage decreases exponentially over time.

Solution to the Differential Equation

The solution is:

\[

V() =V 0 e~ {-\frac{t}{RC}}
\]

where:

-\(V_0\) is the initial voltage,
- \(t\) is the time elapsed,

- \(RC)) is the time constant.

The Time Constant \(\tau = RC\)

The RC time constant indicates how quickly the capacitor discharges:
\[

\tau = RC = 800.0\, \Omega \times 4.36\, F = 3488\, \text{seconds}
\]



This means the voltage reduces to approximately 37% of its initial value after about 3488
seconds.

Analyzing the Discharge Behavior

Voltage and Current Over Time

- Voltage decay: The voltage across the capacitor diminishes exponentially:

\[
V(t) =V 0 e~ {-\frac{t}{\tau}}

\]

- Current through resistor: The current at any time \(t\) is:
\[

I(t) = \frac{V(t)}{R} = \frac{V 0}{R} e~ {-\frac{t}{\tau}}
\]

which also decays exponentially.

Energy Dissipation

The energy stored in the capacitor decreases over time and is dissipated as heat in the
resistor:

\[

E(t) = \frac{1}{2} CV(t)"2 = E 0 e~ {-\frac{2t}{\tau}}

\]

The total energy initially stored is:

\[
E 0 = \frac{1}{2} \times 4.36\,F \times V 072
\]

Practical Implications and Applications

Design of RC Circuits

Understanding the discharge behavior is crucial for designing timing circuits, filters, and
pulse generators.

Energy Storage and Transfer

Large-capacitance systems, such as the one described, are used in energy storage
applications, including backup power supplies and energy harvesting systems.



Safety and Circuit Protection

Knowing how quickly a capacitor discharges helps in designing safe circuits that prevent
unexpected voltage spikes or surges.

Advanced Considerations

Effect of Initial Voltage \(V_0\)

- The initial voltage significantly influences the initial energy and the rate at which energy
is dissipated.
- For different initial voltages, the discharge curve shifts accordingly.

Impact of Resistance Value

- Larger resistance values lead to longer discharge times, as \(\tau\) increases.
- Conversely, smaller resistance values result in faster discharge.

Energy Losses and Efficiency

- The entire initial energy stored in the capacitor is eventually dissipated as heat in the
resistor.

- No energy remains in the system after a long enough period, illustrating conservation of
energy principles.

Conclusion

Connecting an 800.0-ohm resistor to the plates of a charged capacitor with a capacitance
of 4.36 farads exemplifies fundamental electrical principles governing transient behaviors
in RC circuits. The exponential decay of voltage and current, characterized by the time
constant \(\tau = 3488\, \text{seconds}\), reveals how energy stored in a capacitor is
gradually transferred to the resistor as heat. Such understanding is vital in numerous
practical applications, from timing and filtering to energy storage solutions. Whether
designing electronic devices or analyzing energy transfer, mastering these concepts
enables engineers and physicists to optimize circuit performance and ensure safety.

References and Further Reading

- "Introduction to Electric Circuits" by David A. Bell

- "Fundamentals of Electric Circuits" by Charles K. Alexander and Matthew N. O. Sadiku
- Online resources from electronics tutorials and physics educational websites

- IEEE and IEEE Transactions on Circuits and Systems publications



Frequently Asked Questions

What is the purpose of connecting a resistor to a
charged capacitor?

Connecting a resistor to a charged capacitor allows the capacitor to discharge over time
through the resistor, enabling the study of RC circuits and time-dependent voltage or
current behavior.

How is the time constant (t) calculated in an RC
circuit?

The time constant T is calculated as T = R x C, where R is the resistance in ohms and C is
the capacitance in farads.

Given a resistor of 800 ohms and a capacitor of 4.36
farads, what is the RC time constant?

The time constant T = 800 Q x 4.36 F = 3488 seconds.

What happens to the voltage across the capacitor during
discharge through the resistor?

The voltage decreases exponentially over time, following the equation V(t) = Vo e”™(-t/1),
where Vo is the initial voltage.

How long does it take for the capacitor to discharge to
approximately 37% of its initial voltage?

It takes about one time constant (t) for the voltage to decrease to approximately 37% of its
initial value, which in this case is roughly 3488 seconds.

Is a capacitance of 4.36F considered large, and what are
typical applications of such high capacitance?

Yes, 4.36F is considered a very large capacitance, often used in power smoothing, energy
storage systems, and large-scale electronic applications like supercapacitors.

What factors influence the rate at which the capacitor
discharges in this circuit?

The discharge rate is primarily influenced by the resistance value (800 Q) and the
capacitance (4.36 F), with higher resistance or capacitance leading to a slower discharge.



Can the resistor and capacitor combination be used to
filter signals or smooth power supply fluctuations?

Yes, RC circuits are commonly used in filtering applications and for smoothing voltage in
power supplies due to their charge and discharge characteristics.

What safety precautions should be taken when working
with large capacitors like the 4.36F one in this setup?

Ensure the capacitor is properly discharged before handling, avoid short circuits, use
appropriate voltage ratings, and handle with insulated tools to prevent electric shocks.

Additional Resources

A Resistor With 800.0 Is Connected To The Plates Of A Charged Capacitor With
Capacitance 4.36F. Just — this scenario presents a classic example of an RC (resistor-
capacitor) circuit, offering insight into how energy dissipates and voltage evolves over
time in such systems. Whether you're a student delving into basic electronics or a
professional analyzing circuit behavior, understanding this setup is fundamental. In this
guide, we will explore the detailed physics, calculations, and implications of connecting an
800.0-ohm resistor to a charged capacitor with a capacitance of 4.36 farads. Let’s break
down the process step-by-step and consider the practical aspects involved.

Understanding the Basic Components
What is a Capacitor?

A capacitor is a passive electronic component that stores electrical energy in an electric
field. Its key characteristic is capacitance (C), measured in farads (F), which indicates the
amount of charge it can hold per unit voltage:

- Capacitance (C): \( C = \frac{Q}{V}\)

where:
-\( Q) is the stored charge (in coulombs),
-\( V) is the voltage across the plates (in volts).

In our case, the capacitor has a capacitance of 4.36 F, which is quite large, implying it can
store a significant amount of charge at a given voltage.

What is a Resistor?
A resistor is an electronic component that resists the flow of electric current,

characterized by its resistance \( R\), measured in ohms (Q). An 800.0 Q resistor places a
specific limit on the current flow when connected across a charged capacitor.



Initial Conditions and Circuit Setup
Before connecting the resistor, assume the following:

- The capacitor is initially charged to a voltage \( V_0\).

- The resistor and capacitor are connected in series, forming an RC discharging circuit.
- No other components are involved.

- The circuit is closed at\(t = 0 ).

Key Assumption: Known Initial Voltage

For analysis, a typical initial voltage is assumed or given; if not specified, consider an
example initial voltage, say Vo = 10 V. The initial charge \( Q 0 ) stored in the capacitor is:

\[Q 0 =C\times V 0 = 4.36 \times 10 = 43.6\, \text{C} \]

The Discharging Process: Physics and Equations

When the resistor is connected across the charged capacitor, the energy stored in the
electric field causes current to flow, discharging the capacitor over time.

RC Discharge Equation
The voltage across the capacitor at any time \( t) is given by:

\[
V(t) = V 0 \times e”™ {-\frac{t}{RC}}
\]

where:

-\('V_0)) = initial voltage,

-\( R\) = resistance,

-\( C\) = capacitance,

-\(t\) = time elapsed,

-\( e \) = Euler’s number (~2.71828).

Similarly, the charge and current evolve as:

\[
Q(t) = Q 0 \times e~ {-\frac{t}{RC}}
\]

\[
I(t) = -\frac{dQ}{dt} = \frac{V(t)}{R} = \frac{V 0}{R} \times e”™{-\frac{t}{RC}}
\]



Calculating the Time Constant

The time constant \( \tau \) is crucial in RC circuits, representing the time it takes for the
voltage or charge to decrease to approximately 37% of its initial value:

\[
\tau = R \times C
\]

For our values:

\[
\tau = 800.0\, \Omega \times 4.36\, \text{F} = 3488\, \text{seconds}
\]

which is roughly 58 minutes. This indicates a very slow discharge process owing to the
large capacitance and resistance.

Temporal Behavior of the Circuit

Voltage Decay

-AEN(t=0)V):
\[

V(0) =V 0

\l

-At\(t = \tau\):

\[

V(\tau) = V_0 \times e”{-1} \approx 0.368 \times V_0

\]

- After 5 \( \tau \):

\[

V(5 \tau) \approx V 0 \times e”{-5} \approx 0.0067 \times V 0

\]

which is less than 1% of the initial voltage, effectively indicating complete discharge.
Current Dynamics

The current starts at:

\[



I(0) = \frac{V 0}{R}
\]

and exponentially decays to zero as the capacitor discharges.

Practical Implications and Considerations
Energy Dissipation
The energy stored initially in the capacitor is:

\[
U =\frac{1}{2} CV 072
\]

Using the assumed initial voltage:

\[

U = \frac{1}{2} \times 4.36\, \text{F} \times (10\, V)"~2 = 218\, \text{joules}
\]

This energy is gradually dissipated as heat in the resistor.

Safety and Component Ratings

- Given the large capacitance, ensure the resistor can handle the power dissipated during
the discharge:

\[
P(t) =I(t)"2 R
\]

- Peak power occurs at \( t=0\):

\[
P {max} = \left(\frac{V 0} {R}\right)”~2 R = \frac{V 0"2}{R}
\]

For our values:

\[

P {max} = \frac{(10)"2}{800} = 0.125\, \text{W}

\]

This is within typical resistor ratings, but always verify component specifications.

Practical Applications

- Energy storage: Large capacitors like 4.36F are used in power backup systems and



filtering applications.
- Circuit testing: Observing the discharge curve helps in understanding RC behavior.
- Timing circuits: The long time constant can be used in delay applications.

Additional Factors and Advanced Topics
Non-idealities

- Leakage currents: Real capacitors have leakage, slightly altering discharge behavior.

- Temperature effects: Resistance and capacitance can vary with temperature, affecting
the time constant.

- ESR (Equivalent Series Resistance): Additional resistance within the capacitor impacts
energy loss and discharge dynamics.

Modifying the Circuit

- Adding a switch allows controlled discharge.

- Using different resistor values modifies the time constant.

- Incorporating additional components (inductors, diodes) introduces more complex
behaviors.

Summary and Key Takeaways

- Connecting an 800.0 Q resistor to a charged 4.36 F capacitor creates a slow discharging
RC circuit.

- The time constant \( \tau \) is approximately 3488 seconds, indicating a gradual voltage
decay.

- The initial energy stored is substantial (~218 joules), and the resistor dissipates this
energy as heat.

- Understanding the exponential decay laws helps predict the circuit's temporal behavior,
critical in designing timing or energy management systems.

- Always consider component ratings, safety precautions, and real-world non-idealities
when working with large capacitors and resistors.

Final Thoughts

This scenario exemplifies fundamental principles of electronics, illustrating how energy
stored in a capacitor dissipates through a resistor over time. Whether in theoretical
analysis or practical applications, grasping the dynamics of RC circuits is essential for
designing efficient, safe, and reliable electronic systems. By understanding the interplay of
capacitance, resistance, and voltage, engineers and hobbyists alike can harness these
behaviors to achieve desired timing, filtering, or energy storage functionalities.
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