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1. Capacitors and Capacitance 

 

A capacitor consists of two conductors separated by an insulator. The 

chief feature of a capacitor is its ability to store electric charge, with 

negative charge on one of its two conductors and positive charge on 

the other. Accompanying this charge is energy, which a capacitor can 

release. 

 

Capacitance, the electrical property of capacitors, is a measure of the 

ability of a capacitor to store charge on its two conductors. 

Specifically, if the potential difference between the two conductors is 

V volts when there is a positive charge of Q coulombs on one 

conductor and a negative charge of the same amount on the other, the 

capacitor has a capacitance of: 

 

The SI unit of capacitance is the farad, with symbol F. Unfortunately, 

the farad is much too large a unit for practical applications, and the 

microfarad (μF) and picofarad (pF) are much more common. 

 

One common type of capacitor is the parallel-plate capacitor of Fig. 

8-2a. 

 

 

For the parallel-plate capacitor, the capacitance in farads is: 

 

where A is the area of either plate in square meters, d is the separation 

in meters, and e is the permittivity in farads per meter (F/m) of the 

dielectric. The larger the plate area or the smaller the plate separation, 

or the greater the dielectric permittivity, the greater the capacitance. 
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Energy Storage 

 

Capacitor Current 
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2. Inductor and Inductance 

Relationship between Capacitors and Inductors 

 

Magnetic Flux 

 

Inductance and Inductors 

 

 



1-02-e <Capacitors and Inductors> 

Page 5 

 

 

Total Inductance 

 

For (a):  

 

For (b) 

 

 

 

 

Energy Storage: 
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3. Charge and Discharge of a Capacitor 

 

Charging a Capacitor 

 

The transfer of electrons is very rapid at first, slowing down as the 

potential across the plates approaches the applied voltage. 

 

 

 

 

The factor τ, called the time constant of the network, has the units 

of time. The transient or charging phase of a capacitor has essentially 

ended after five time constants. 
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A capacitor can be replaced by an open-circuit equivalent  

once the charging phase in a dc network has passed. 

 
A capacitor has the characteristics of a short-circuit equivalent at the 

instant the switch is closed in an uncharged series R-C circuit. 

 

The voltage across a capacitor cannot change instantaneously. 
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Discharging a capacitor 

 
For the voltage across the capacitor that is decreasing with time, the  

mathematical expression is 

 

 

 
Since the current decreases with time, it will have a similar format: 

 

Since υR= υC (in parallel), the equation for the voltage υR has the same 

format: 
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Initial Condition of a Charged Capacitor 

We now examine the effect of a charge, and therefore a voltage 

(V=Q/C) on the plates at the instant the switching action takes place. 

The voltage across the capacitor at this instant is called the initial 

value. 

 

 
Eq. (10.21) is a universal equation for the transient response of a 

capacitor 

 

 

4. Charge and Discharge of an Inductor 

 

R-L Transient: the storage phase 

The circuit in Fig. 11.31 is used to describe the storage phase. Note 

that it is the same circuit used to describe the charging phase of 

capacitors, with a simple replacement of the capacitor by an ideal 

inductor. 
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The equation for the transient response of the current through an  

inductor is: 

 

with the time constant now defined by: 

 

The equation for the voltage across the coil is: 

 

and the equation for the voltage across the resistor is: 

 

The storage phase has passed and steady-state conditions have been 

established once a period of time equal to five time constants has 

occurred. 

The current cannot change instantaneously in an inductive network. 

The inductor takes on the characteristics of an open circuit, at the 

instant the switch is closed. 

The inductor takes on the characteristics of a short circuit when 

steady-state conditions have been established. 
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Initial Conditions 

Since the current through a coil cannot change instantaneously, the 

current through a coil begins the transient phase at the initial value 

established by the network (note Fig. 11.38) before the switch  

was closed. 

 

Using the transient equation developed in the previous section, we  

can write an equation for the current iL for the entire time interval in  

Fig. 11.38. 

 

 

R-L Transients: the release phase 
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In the preceding analysis, it was assumed that steady-state conditions 

were established during the charging. However, if the switch in Fig. 

11.42 is opened before iL reaches its maximum value, the equation for 

the decaying current of Fig. 11.42 must change to 

 
 

 

  



1-02-e <Capacitors and Inductors> 

Page 13 

 

7. Glossary – English/Chinese Translation 

 

English Chinese 

Capacitor and Capacitance 

Inductor and Inductance 

Charge and Discharge 

Micro Farad 

Pico Farad 

Permittivity 

Parallel Connection 

Series Connection 

Magnetic Flux 

Permeability 

Time Constant 

Initial Condition 

电容器和电容 

电感和电感 

充电和放电 

微法拉 

皮科·法拉德 

介电常数 

并联 

串联 

磁通量 

渗透性 

时间常数 

初始条件 
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Your Notes: 


