
Consider A Resistor (R=1000 K) And A
Capacitor (C=1F) Connected In Series. This
Configuration Is Connected
Consider A Resistor (R=1000 K) And A Capacitor (C=1F) Connected In Series. This
Configuration Is Connected across a voltage source, and analyzing its behavior requires
understanding fundamental concepts of RC circuits, impedance, and transient response. Such a setup,
while simple in appearance, offers rich insights into the interplay between resistance and capacitance,
especially when dealing with high resistance values and large capacitance. In this article, we will
explore the theoretical background, practical implications, and applications of this series RC
configuration, providing a comprehensive understanding suitable for students, engineers, and
electronics enthusiasts alike.

Understanding Series RC Circuits

Basic Components and Configuration
A series RC circuit consists of a resistor (R) and a capacitor (C) connected end-to-end, forming a single
path for current flow. When connected across a voltage source (such as a battery or power supply),
the current must pass through both components sequentially. The key parameters in this setup are:

Resistor (R): 1000 KΩ (1 megaohm)

Capacitor (C): 1 Farad

Voltage Source (V): Variable or fixed, depending on the analysis

This configuration is fundamental in understanding how resistive and capacitive elements influence
circuit behavior, especially in timing and filtering applications.

Impedance in Series RC Circuits
Unlike purely resistive circuits, RC circuits involve complex impedance, which combines resistance (R)
and capacitive reactance (Xc). The total impedance (Z) is given by:
\[ Z = R + \frac{1}{j \omega C} \]
where:
- \( j \) is the imaginary unit,
- \( \omega = 2 \pi f \) is the angular frequency,
- \( C \) is the capacitance.

The magnitude of impedance is:
\[ |Z| = \sqrt{ R^2 + \left( \frac{1}{\omega C} \right)^2 } \]
and the phase angle (ϕ) between voltage and current is:
\[ \phi = - \arctan \left( \frac{1}{\omega R C} \right) \]



In this specific case, with R = 1,000,000 Ω and C = 1 F, the impedance at different frequencies can be
analyzed to understand circuit behavior.

Analyzing the Time Domain Response

Charging and Discharging of the Capacitor
When a step voltage is applied across the series RC circuit, the capacitor charges exponentially
toward the supply voltage. The voltage across the capacitor as a function of time (t) during charging
is:
\[ V_C(t) = V_{source} \left( 1 - e^{-\frac{t}{R C}} \right) \]
Similarly, if the capacitor discharges, the voltage follows:
\[ V_C(t) = V_{initial} e^{-\frac{t}{R C}} \]

Given R = 1 MΩ and C = 1 F:
- Time constant \( \tau = R \times C = 1,000,000 \times 1 = 1,000,000 \) seconds (approximately
11.57 days).

This enormous time constant indicates that the capacitor charges or discharges very slowly,
effectively acting as a near-permanent charge storage over human timescales.

Implications of a Large Time Constant
The large \( \tau \) implies:
- The capacitor almost remains uncharged or un-discharged over typical experimental times.
- The circuit behaves as an open circuit for practical purposes at DC or low frequencies.
- Transient effects are negligible within short observation periods.

This characteristic makes the circuit useful in applications requiring very slow charge/discharge cycles
or as a high-impedance storage element.

Frequency Response and Impedance Analysis

At Low Frequencies (Including DC)
Since \( \omega \to 0 \):
\[ X_c = \frac{1}{\omega C} \to \infty \]
The capacitive reactance dominates, and the circuit behaves almost like an open circuit, blocking
current flow. Consequently, the current in the circuit is nearly zero, and the voltage across the resistor
and capacitor remains static.

At High Frequencies
As \( \omega \to \infty \):
\[ X_c = 0 \]



The capacitor acts as a short circuit, and the impedance reduces to R, allowing almost full current
flow.

However, with such a large resistance, even at high frequencies, the current remains minimal:
\[ I = \frac{V}{|Z|} \]
which is very small due to R's magnitude, despite the capacitive reactance tending toward zero.

Practical Frequency Range and Behavior
- For frequencies much lower than \( \frac{1}{2 \pi R C} \), the circuit behaves as an open circuit.
- For frequencies much higher than this cutoff, the capacitor effectively shorts the resistor, but the
high R ensures minimal current.
- The cutoff frequency \( f_c \) is:
\[ f_c = \frac{1}{2 \pi R C} \approx \frac{1}{2 \pi \times 1,000,000 \times 1} \approx 1.59 \times
10^{-7} \text{ Hz} \]
which is extremely low, indicating the circuit behaves as a high-impedance element over practically
all relevant frequencies.

Practical Applications and Considerations

High-Resistance, Large-Capacitance Circuits
While uncommon in everyday electronics due to their slow response, circuits with very high R and
large C are used in:

Slow timing circuits

Memory storage elements

Filters in low-frequency applications

Charge storage for energy harvesting over extended periods

Limitations and Challenges
- The enormous time constant makes rapid charging/discharging impossible.
- Leakage currents and parasitic effects can significantly influence actual behavior.
- Practical considerations include dielectric leakage in the capacitor and resistor stability over time.

Safety and Handling
Given the high capacitance and resistance:
- The capacitor can store significant energy (up to \( V \times C \)), posing shock hazards.
- Proper discharge procedures are necessary before handling.



Summary and Conclusion
Connecting a 1000 KΩ resistor and a 1 F capacitor in series creates a circuit with profound time-
domain inertia and high impedance characteristics. The large resistance dominates the circuit's
behavior, leading to an extremely high time constant and minimal current flow under typical
conditions. Such a configuration is useful for understanding the fundamental principles of RC circuits,
especially in low-frequency or long-term energy storage applications. Despite its simplicity, analyzing
this circuit emphasizes the importance of impedance, transient response, and frequency-dependent
behavior in electronic circuit design.

Understanding these principles enables engineers and hobbyists to design systems that exploit slow
charging, long-term filtering, or charge storage, provided they account for the practical limitations
imposed by component values. Whether in scientific experiments, educational demonstrations, or
specialized electronic applications, the series RC circuit with such high resistance and capacitance
offers rich insights into the timeless principles governing electronic circuit behavior.

Frequently Asked Questions

What is the total impedance of a series RC circuit with
R=1000 kΩ and C=1 F at a given frequency?
The total impedance Z is given by Z = √(R² + (1/ωC)²), where ω = 2πf. Substituting the values, Z =
√((1,000,000 Ω)² + (1/(2πf 1 F))²).

How does the frequency of the input signal affect the
behavior of this RC series circuit?
At low frequencies, the capacitor blocks current, behaving like an open circuit, resulting in high
impedance. At high frequencies, the capacitor acts like a short circuit, reducing impedance and
allowing more current to flow. Thus, the circuit's behavior varies significantly with frequency.

What is the cutoff frequency for this RC series circuit?
The cutoff frequency (where the reactance equals resistance) is given by f_c = 1/(2πRC). Substituting
R=1,000,000 Ω and C=1 F, f_c ≈ 1/(2π 1,000,000 1) ≈ 1.59 μHz, which is extremely low, indicating
the circuit behaves as a high-impedance circuit over most practical frequencies.

What is the phase difference between voltage and current in
this RC series circuit at a given frequency?
The phase angle φ is given by φ = arctangent(-X_C / R). Since X_C = 1/(ωC), at high frequencies X_C
is small, so the current leads voltage; at low frequencies, X_C is large, and the current lags voltage.
Overall, the phase difference depends on frequency.



How does the large resistance value (1000 kΩ) influence the
power consumption in this RC circuit?
The large resistance significantly limits current flow, resulting in very low power dissipation,
calculated as P = I²R. Since current is minimal due to high R, the power consumption remains
negligible, making this configuration suitable for high-impedance applications.

What practical applications could use such a high-value
resistor and capacitor in series?
Such a configuration can be used in high-impedance filtering, delay circuits, or integrator circuits in
analog signal processing, where minimal current flow is desired, or in sensing applications requiring
high resistance.

What are the potential challenges when working with a circuit
with R=1000 kΩ and C=1 F?
Challenges include handling extremely low currents, which can be affected by leakage or noise;
ensuring the capacitor's stability over time; and dealing with very low cutoff frequencies that make
the circuit slow to respond to changes.

Additional Resources
Consider A Resistor (R=1000 K) And A Capacitor (C=1F) Connected In Series. This Configuration Is
Connected

The configuration of a resistor and capacitor connected in series is a fundamental circuit arrangement
in electrical engineering, often serving as a basis for understanding complex filtering, timing, and
impedance phenomena. When the resistor has a very high resistance value—such as 1000 kilo-ohms
(1 MΩ)—and the capacitor possesses a substantial capacitance of 1 farad, the resultant circuit
exhibits intriguing behavior with significant implications for signal processing, energy storage, and
system design. This article aims to delve into the detailed analysis of such a configuration, exploring
its physical principles, frequency response, time-domain characteristics, practical considerations, and
potential applications.

---

Understanding the Basic Series RC Circuit

Fundamental Components and Configuration

A series RC circuit consists of a resistor (R) and a capacitor (C) connected end-to-end, forming a single
path for current flow when connected to a voltage source. In this configuration, the same current
passes through both components, but the voltage across each component can differ depending on the



circuit’s operation conditions.

- Resistor (R=1000 KΩ): A resistor with a resistance of 1 megaohm resists the flow of current
proportionally to the voltage applied, introducing a significant impedance to the circuit.
- Capacitor (C=1F): A capacitor with a capacitance of 1 farad can store a substantial amount of
electrical energy in the electric field between its plates, affecting the circuit's response to voltage
changes.

This high resistance combined with a large capacitance creates a circuit that reacts very slowly to
voltage variations, which is critical in understanding its behavior in both the time and frequency
domains.

---

Electrical Behavior in the Frequency Domain

Impedance of the Series RC Circuit

The total impedance (Z) of a series RC circuit at a given angular frequency (ω) is expressed as:

\[ Z(ω) = R + \frac{1}{jωC} \]

where:
- \( R = 1,000,000\, \Omega \)
- \( C = 1\, F \)
- \( j \) is the imaginary unit (\( j^2 = -1 \))
- \( ω = 2πf \), with \( f \) being the frequency in Hertz.

The magnitude of the impedance is:

\[ |Z(ω)| = \sqrt{ R^2 + \left( \frac{1}{ωC} \right)^2 } \]

This formula illustrates how the circuit behaves differently at various frequencies:

- Low frequencies (\(f \to 0\)): The capacitive reactance \(X_C = 1/ωC\) becomes very large (tending to
infinity), making the impedance dominated by the capacitor. The circuit behaves almost like an open
circuit, blocking DC current.
- High frequencies (\(f \to \infty\)): The capacitive reactance diminishes (\(X_C \to 0\)), and the
impedance approaches the resistor value, allowing high-frequency signals to pass more readily.

Implication of Large R and C Values:
Given the high resistance and capacitance, the circuit exhibits a very high impedance at low
frequencies and a gradual transition to lower impedance at high frequencies, which influences its
filtering characteristics.

---



Frequency Response and Filtering Characteristics

The key frequency-dependent property of the series RC circuit is its cutoff frequency, where the
circuit transitions from being predominantly reactive to predominantly resistive. The cutoff frequency
(\(f_c\)) is given by:

\[ f_c = \frac{1}{2π R C} \]

Plugging in the given values:

\[ f_c = \frac{1}{2π \times 1,000,000\, \Omega \times 1\, F} \approx 1.59 \times 10^{-7}\, \text{Hz}
\]

This extremely low cutoff frequency indicates that:

- The circuit acts effectively as a DC block: It prevents steady-state current flow for DC signals.
- It behaves as a very low-pass filter: Allowing only signals with frequencies below approximately 0.16
microhertz to pass, which are practically nonexistent in typical applications.

This means the circuit will significantly attenuate any AC signals with frequencies higher than this
cutoff, rendering it nearly an open circuit for all practical purposes except for very slow or static
signals.

---

Time-Domain Analysis: Response to Voltage Changes

Charging and Discharging Behavior

The large resistance and capacitance impact how the circuit responds over time to applied voltage
changes, such as step inputs.

- Time constant (\(τ\)): The rate at which the capacitor charges or discharges is characterized by:

\[ τ = R \times C = 1,000,000\, \Omega \times 1\, F = 1,000,000\, \text{seconds} \]

This is approximately 11.57 days, indicating an extremely slow response:

- Charging: When a voltage is applied, the capacitor will take days to reach near its final voltage.
- Discharging: Similarly, it will discharge very slowly once the source is removed.

Implication: Such a circuit is unsuitable for applications requiring quick responses but could be used
for very slow, long-term energy storage or time-delay applications.

---



Voltage Across Components During Transients

In response to a step voltage input, the voltage across the capacitor follows:

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

Given the enormous time constant, the capacitor's voltage increases so gradually that, practically, the
voltage remains nearly unchanged over short durations.

---

Practical Considerations and Limitations

Component Realities and Parasitics

While theoretical calculations assume ideal components, real-world resistors and capacitors exhibit
parasitic effects:

- Resistors: Even high-value resistors have leakage currents, thermal noise, and voltage-dependent
resistance.
- Capacitors: Large capacitance capacitors are physically large, potentially containing dielectric
absorption, leakage, and parasitic inductance.

These factors can influence circuit behavior, especially over long time spans, making precise
modeling important for sensitive applications.

Impact of Temperature and Environmental Factors

- Resistor temperature coefficient: High resistance values are sensitive to temperature fluctuations,
which can alter impedance.
- Capacitor stability: Large electrolytic capacitors tend to have voltage and temperature-dependent
capacitance, impacting long-term stability.

Thus, environmental control becomes essential in applications demanding high precision or long-term
stability.

Power Dissipation and Safety

With high resistance and large capacitance, the circuit:

- Consumes minimal power during steady state (since current is minimal).
- Can pose safety concerns if connected to high-voltage sources or in scenarios where large charge



accumulates.

Proper insulation, grounding, and safety measures are critical in practical implementations.

---

Potential Applications and Use Cases

Despite its impracticality for conventional signal processing, such a circuit configuration finds niche
applications:

1. Long-Term Energy Storage: The large capacitor can store energy over extended periods, useful in
backup power supplies or energy harvesting systems where slow discharge is acceptable.
2. Time Delay Systems: The enormous time constant makes the circuit suitable for ultra-long delay
timers or slow-responding sensors.
3. Low-Frequency Filtering: Although practically limited, the circuit can act as a very low-pass filter for
extremely slow-changing signals.
4. Educational Demonstrations: It offers a clear example of how large RC time constants influence
transient and steady-state responses, serving as a teaching tool.
5. Electrochemical and Biological Applications: Some bio-electronic systems or electrochemical
processes operate over long time scales, where such circuit principles may be relevant.

---

Conclusion: Insights and Implications

The analysis of a resistor (R=1000 KΩ) and a capacitor (C=1F) connected in series reveals a circuit
with extraordinary characteristics. Its extremely high impedance at low frequencies, enormous time
constant, and sluggish transient response make it more of a theoretical or specialized device rather
than a practical component in typical electronic applications.

Key takeaways include:

- The circuit acts as an almost perfect insulator for steady DC signals.
- Its filtering behavior is confined to exceedingly low frequencies.
- The time response is so slow that it effectively stores energy or maintains a voltage level for days or
even weeks.
- Practical implementation must consider component parasitics, environmental factors, and safety
issues.

Understanding such a circuit deepens our appreciation of RC dynamics, emphasizing how component
values fundamentally shape electrical behavior. While not suitable for rapid or high-frequency
applications, these insights can inform the design of long-term energy storage solutions, slow delay
systems, and educational demonstrations, illustrating the diverse landscape of electrical circuit
engineering.
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