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Alternating Current Circuits  
 

In the previous chapter you have studied the dynamo that generates the alternating 

current. that the AC current changes its intensity periodically; increases from zero 

to a maximum value then drops to zero through a half cycle.  

 

Next to that, the current direction is reversed and its intensity goes from zero to 
maximum and drops back to zero through the other half cycle. This variation in 

current is typically repeated each cycle. 

 
 

The alternating current is represented graphically by a sine waveform as shown in 

figure since the current and the electromotive force vary their values and direction 

repeatedly according to a sinusoidal function of angles ranging from zero to 360o. 

 

 
 
Frequency of AC current:  
It is the number of cycles in one second.  

It is exactly the same as the number of complete revolutions made by the dynamo 

coil in one second .  
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Advantages of AC current: 
1- Its voltage can be stepped up or down as needed using electric transformers.  

2- As alternating current, electrical power can be transmitted efficiently 

through power lines over long distance from the power plant to the 

consumer, minimizing power loss using transformers. 

disadvantages of AC current: 
1- The AC current can be used for some processes but it would not be an 

appropriate choice in others such as electrolysis and electroplating. 

Note that: 
The AC current and DC current have thermal effect when flowing through a 

resistor since heating effect is independent on the current direction .  

Measuring the alternating current 
 

Moving coil ammeters are not valid to measure the value of alternating 
current since it changes its intensity and direction constantly.  

The operation of moving coil meters requires a constant magnetic field affecting 

the coil in carrying current in one direction. Because of this, Hot wire Ammeter 

is used 

 

Hot wire Ammeter  
 
The scientific idea based on the thermal effect of the alternating current to 

measure its effective value.  

 

Construction: 
 

A thin wire (H) is stretched tightly between fixed 

ends A and B as shown in figure . The wire is made 

of platinum-iridium alloy that expands markedly 

when heated by the electric current Passing through 
it.   

A silk thread (r) is permanently connected at the 

middle of the thin wire AB and wound once around 

a pulley (P) that can rotate about its axis. The 

thread is anchored at the other end (S) to a spring 

fixed at its other end. A pointer mounted to the 

pulley moves along a non-uniform scale. A small 

resistance R is connected in parallel to the wire AB as 

a shunt.   
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Operation:  
The ammeter is connected in series to the circuit. When the current to be 

measured is passed through the instrument, the wire AB is heated and 

expands. Consequently , the tension in the wire decreases (loosen). The silk 

wire pulls the hot wire due to the tension in the spring on the other side. 

The pulley rotates a little and the pointer defects along the scale.  
The pointer stands at a definite reading when the temperature of the 

platinum-iridium wire becomes constant and the wire stops expanding. 

That is achieved when the rate of heat radiated from the wire becomes 

equal to the rate of heat generated in the wire.  

The pointer reading indicates the effective value of the AC current. 

Hot wire ammeter is calibrated by connecting it with a moving coil 

ammeter in series in a direct current circuit.  

the scale of hot wire ammeter is not uniformly divided. The scale division 
for equal value of current increases as the value of current increases since 

the heat generated in a wire is directly proportional to the square of current 

value passing through it. [Q  I2]   

 
Disadvantages of hot wire ammeter: 

1- Slow pointer deflection on passing the current and slow revert 

to zero when the ammeter is disconnected from the circuit. 

2- The platinum-iridium wire is affected by changes in 

atmospheric temperature that may lead to a zero – error in 

measurement. However, it is requisite to make provision for 

this effect. This is done by mounting the working wire on a 

plate made of a metal having the same expansivity as that of 

the working wire itself. 
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Alternating Current (AC)  Circuits  
 
1) AC current and AC voltage in a non-inductive ohmic 

resistance: 

The figure  illustrates a series circuit containing an AC 

power supply, a switch and a non-inductive ohmic 

resistor.  
 

On closing the circuit,  

the instantaneous voltage across the resistor is given by 

the relation: 

V = Vmax Sin  t …… (1)  

Where V is instantaneous voltage, Vmax is the maximum voltage and  t is the 

phase angle. 

The instantaneous value of current is determined by the relation: 

 I =  
R

V
 

 I =  
R

Vmax  sin  t 

 I = Imax sin   t  …… (2) 

 

Comparing equations (1) and (2), we find that both V and I in a non-
inductive ohmic resistance have the same phases angle. This means the 

current and voltage are synchronized and grow till they reach their 

maximum values simultaneously. In other words, voltage and current are in 

phase.  

They can be represented graphically as in figure(a), or represented as two 

vectors having the same direction as in figure (b). 

 
 

 

 

 

 

 

 

 

AC voltage and current have the same phase  
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2)AC current and AC voltage in an inductive coil of zero resistance:  

The figure illustrates a series circuit containing an 

AC power supply, a switch and an inductive coil of 

zero ohmic resistance. 

 
On closing the circuit,  

the current grows gradually from zero to a 

maximum value at a rate 
t

I




. A reverse 

electromotive force of magnitude – L 
t

I




 is induced 

by self-induction across the coil that opposes the 

change in the current intensity.  

 

The frequency of the induced electromotive force is equal and in the opposite 

direction to the frequency of the electromotive force of the AC supply.  

 

The instantaneous voltage across the inductor is given by : 

 V = - L 
t

I




 

Given that I varies with the phase angle according to sine curve as indicated in 

figure (a), the value 
t

I




 represents the slope of the tangent drawn to the curve.  

V reaches its maximum value when the phase angle equals zero, and decreases 

gradually to reach zero when I reaches its maximum value.  

As the value of current decreases, the slope 
t

I




 becomes negative.  

Thus, the curve representing the voltage takes the waveform indicated in figure (a) 

 
 

 

 

 

 

 

 
 

 

the voltage (V) leads the current (I) by a phase angle 90o . Both current and 

voltage across an inductor can be represented by two vectors as in figure (b). 
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The inductive reactance in coil (XL) 

It is found that the inductive reactance in a coil is 

directly proportional to each of the self-inductance 
of the coil and the frequency of current passing 

through it.  

The inductive reactance = 2  x current frequency x 

self-inductance  

XL = 2  f L                  Ohm 

 

The inductive reactance. 
It is the opposition to the flow of the AC current through a coil due to its 

self- inductance.  

The value of current (I) in an inductor= 
cereacinductive

forceiveelectromot

tan
 

 

The inductive reactance of inductor network : 

First: If inductors are connected in series: 

In this aspect, inductors and resistors are alike: 

XL = XL1 + XL2 + XL3 

 

If  the inductive reactance for all inductors is 

equal : XL = n XL1  

 

 

 

Second : If inductors are connected in parallel   

LX

1
 = 

1

1

LX
 + 

2

1

LX
 + 

3

1

LX
 

If the inductive reactance for (n) inductors is 

equal: XL = XL1 / n 
 

 

 

Example :  
A coil of self-inductance 700 mH and zero ohmic resistance is connected to an 

AC supply of electromotive force = 200 V and frequency 50 Hz. Calculate the 

current value through the coil.  

Solution : 

XL = 2  f L = 2 x 
7

22
x 50 x 0.7 = 220   I = 

LX

V
 = 

220

200
 = 0.9 A 
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3) AC current and AC voltage in a capacitor circuit. 

The electric capacitor : is made up of two parallel metal plates separated by 
an insulator. When the capacitor is charged, one plate is charged positively 
whereas the other is charged negatively creating a potential difference (V) in 
Volts between them. If the quantity of charge in Coulombs on one of its 
plates is (Q) and the capacitance of capacitor in Farads is (C),  

The relation between them is given by : C = 
V

Q
 

The capacitor in a DC circuit: 
When a capacitor is connected to a battery where the 
plate (A) connected to the positive pole of the battery 
while the plate (B) is connected to the negative pole, a 
negative charge (free electrons) passes from the 
negative pole to the plate (B), lowering its potential. 
This negative charge on plate (B) pushes the negative 
free charged in plate (A) towards the positive pole of 
the battery charging the plate (A)with a positive 
charge, and raising its potential. 
When the potential difference between the two plates 

equates the voltage across the poles of the battery, the 

flow of charge stops and the capacitor is said to be 

charged.This means that a momentary current flow through the circuit then 

vanishes, meanwhile the capacitor is charged. 
 

Quantity of charge on plates = Capacitance of capacitor x Voltage across plates  
The capacitor in an AC circuit: 

When as capacitor is connected to an AC power supply the capacitor is charged 

up during the first quarter cycle till the potential difference between its plates 

reaches a maximum value that equates the maximum value of the electromotive 
force of the supply. As the emf of the supply drops, the larger voltage across the 

capacitor allows its discharge to the power supply. As the emf of the power supply 

reaches zero, the capacitor voltage reaches zero too at the end of the first half 

cycle.  
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Likewise in the other half cycle, the capacitor is recharged but with opposite 

polarity as in figure till the voltage across its plates reaches the maximum 

value of the electromotive force of the supply. Then, it starts to discharge as 

the emf of the supply drops till both voltages reach zero at the end of the 

second half cycle.  
This succession of charging and discharging is constantly repeated in the 

other cycles. 
 

Consequently, an AC current can pass through a circuit containing and AC 

power supply and a capacitor. In other words the capacitor allows the AC 

current to flow in the circuit 

 the instantaneous value of this current is directly proportional to the rate of 

change of charge on the capacitor, or the voltage across its plates  

where the charge and the voltage across its plates have the same phase as 

shown in figure. 

Since I = 
t

Q




 and Q = CV 

 I = C 
t

V




 

Since voltage V varies with the phase angle  as a sine waveform as shown in 

figure ( a), Thus , 
t

V




 represents the slope of the tangent drawn to the curve. 

 It reaches its maximum value when the phase angle equals zero, and then it 

decreases gradually to reach zero when V reaches its maximum value.  
 

When V decreases, the slope would have a negative value and the 

instantaneous values of current, as well. Thus,  the curve representing I 

takes the waveform indicated in figure (a) 

It is obvious that the voltage lags the current by a phase angle 90o. Both 

current and voltage across a capacitor can be represented by two vectors as 

in figure (4 – 13 b). 
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The capacitive reactance in a capacitor (Xc)  

It is found that the capacitance reactance in a 

capacitor  is inversely proportional to each of the 
capacitance of the coil and the frequency of current 

passing through it.  
The capaictance reactance  

Xc= 
Cf2

1
              Ohm. 

 

The capacitive reactance: 
It is opposition to the flow of AC current in a capacitor due to its capacitance. 
The capacitive reactant of Capacitors network: 
 

First: 
 If capacitors are connected in series as shown in figure, they are charged 

equally with a charge Q 

 V = V1 + V2 + V3  

 
C

Q
 = 

1C

Q
 + 

2C

Q
 + 

3C

Q
 

 
c

1
 = 

1

1

c
 + 

2

1

c
 + 

3

1

c
 

If the capacitance is the same for (n) capacitors,  

 C = 
n

C1  

 

Second :  
If capacitors are connected in parallel, the 

voltage across each capacitor is the same: 

 Q = Q1 + Q2 + Q3 
 V C = V C1 + V C2 + V C3 

 C = C1 + C2 + C3 

If the capacitance is the same for (n) capacitors,  

C = n C1 

 

 

 

 

Example:  
The capacitors of capacitance 20, 80 and 40 microfarad are connected in 

parallel then to an AC supply of electromotive force = 100 V and frequency 

50 Hz. Calculate the value of current flowing through the circuit.  
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Solution :  

 C = C1 + C2 + C3 = 20 + 80 + 40 = 140 F = 1.4 x 10-4 Farad 

 Xc = 
Cf2

1
 = 

4.150222

1071 4

xxx

xx
 

 I = 
72.22

100
 = 4.4 A 

 
Impedance : 

It is the equivalent of reactance of inductive coils and capacitors in addition to 

resistance of resistors In an electric circuit containing an AC power supply . 

This combined opposition will be a vector combination of resistance and 

reactance which is known as impedance, its symbol is “Z” 

 
 Impedance of AC circuit contains ohmic resistance and inductive coil in series (RL – circuit) :  

 

It is almost impossible to construct an inductive 

coil with zero resistance. The coil must have 

resistance. We may distinct resistance from 

inductive reactance of the same coil as shown in 

figure. 

 
To find the total voltage across them, phasor 

diagrams are used. The same current passes 

through both of the resistance and the coil since 

they are connected in series, but total voltage V 

and the current are out of phase. 

That is because voltage and current in the resistance 

are in phase while voltage in the coil leads current by 

a phase angle 90o. 
The total voltage V can be determined by the relation : 

V = 22

LR VV   

tan  = 
R

L

V

V
= 

R

L

X

X
 

Since, VR = I R and      VL = I XL 

Z = 22

LVR   

 

Example : 
 An AC power supply of emf 80 V and frequency 50 Hz supplies a current to a 

coil of self-inductance 
220

21
Henery and a resistance 40 in series . 
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Find : 

1- Impedance . 

2- The voltage across each of the resistance and the coil. Is it correct to add 

these voltages algebraically? 

Solution :  

The inductive reactance: XL = 2  f L = 2 x 
7

22
x 50 x 

220

21
 = 30 

Impedance : Z = 22

LXR   = 22 )30()40(   = 50  

I = 
z

v
 = 

50

80
 = 1.6 A 

VR = 40 x 1.6 = 64 V 
VL = 30 x 1.6 = 48 V 

The algebraic sum of these voltages : V = 64 + 48 = 112 V 

This value is greater than the emf of the power supply. Because of this, 

voltages in the AC circuit are not added together algebraically . 

But by vector addition : 

V = 22

LR VV   = 22 )48()64(   = 80 V 

 
Impedance :AC circuit contains ohmic resistance and capacitors in series (RC-

circuit): 

The same current passes through the resistance and the capacitor since they 

are connected in series. To find the total voltage V, we consider that:  

 
Voltage and current in the resistance are in phase while the voltage in 

the capacitor lags the current by a phase angle 90o 

The total voltage V can be determined by the relation : 

V = 
22

CR VV   

tan  = 
R

C

V

V
 = 

R

C

X

X
 

Since, VR=I R    and    VC=I XC 

Z = 22

CXR   
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Impedance AC circuit contains ohmic resistance, inductor and capacitors in series 

(LCR-circuit) 

The current passing through the resistance, the inductor and the capacitor is 

the same since they are connected in series. On the other hand, the phase of 

voltage across each component is different from one component to another. 

In the ohmic resistance, voltage is in the same 

phase with current. In the inductor, voltage 

leads current by a phase angle 90o In the 

capacitor, voltage lags current by a phase 
angle 90o And the resultant of voltage vectors 

is given by:  

V = 
22 )( CCR VVV   

Dividing by I:  

Z = 
22 )( CL XXR   

tan  = 
R

CL

V

VV 
= 

R

XX CL   

 

Note that : 
1- If XL > XC tan of the phase angle is positive and the circuit behaves as an 

inductive circuit. In other words, the voltage leads the current by a phase 

angle  . 

 

2- If X1 < XC tan of the phase angle is negative and the circuit behaves as a 

capacitive circuit. In other words, the voltage lags the current by a phase 

angle . 

 

3- If XL  = XC, the phase angle = zero and the circuit behaves as ohmic 

resistance. In other words, the voltage and the current have the same phase. 

 

4- Inductive reactance in the coil and capacitive reactance in the capacitor do 
not consume any electric power because the energy (power) is stored either 

as an electric field in the capacitor that transfers it back to the power 

supply on discharge or a magnetic due to the ohmic resistance. 
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The relation between each pf resistance and impedance and the current 
frequency 
 

 

 

 

 

 
 

 

 

 

 

 

 

Example:  
A current of 2 A passes through a series AC circuit containing a coil, a 

capacitor and a resistor. If the voltage across each of the coil, the capacitor 

and the resistor are 80V, 50V and 40V respectively. 

1- Sketch voltage vectors, and then calculate the total across the power 

supply. 

2- Find the phase angle between total voltage and current. Describe the 
behavior of the circuit? 

3- Find the power consumed as heat energy in the circuit. 

4- Find the circuit impedance. 

Solution 

1- V = 
22 )( CLR VVV 

 = 
22 )5080()40(   

2- tanө = 
R

CL

V

VV 
 = 

40

5080 
 = 

4

3
 

 = 37o The circuit behaves as an in inductive circuit 

3- The resistance (R) = 
I

VR  = 
2

40
 = 20  

The consumed power in the circuit = I2 R = (2)2 x 20 

= 80 W 

5- Z =  = 25 
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Oscillating circuit  
 Scientific idea : 
“interchange of the energy stored in the 

inductive coil as a magnetic field and in the 

capacitor as an electric field”  

The oscillator circuit consists of an 

inductive coil of negligible ohmic resistance 

and a capacitor connected together through  a switch (b)  
1- When the switch (a) is turned on, a momentary ,current passes from the 

battery to charge up the capacitor; the plate connected to the positive pole 

becomes positively charged while the plate connected to the negative pole 

becomes negatively charged. Then, the current stops flowing. An electric 

field is built up between the capacitor plates storing energy as electric energy.  

2- When the switch (a) turned off, the capacitor remains charged.  

3- Meanwhile the switch (a) is off, the switch (b) is turned on, 

 
 

 

 

 

 

 

 
  

the capacitor discharges its charge through the inductive coil and therefore a 

momentary current passes from the positive plate to the negative plate. The 

voltage across the capacitor collapses and therefore the electric field between 

its plates vanishes. The flowing current through the coil generates a magnetic 

field that stores the energy that has been in the capacitor before as electric 

energy. 
Initially, there is high current flowing through the coil due to the high voltage 

across the capacitor plates. As this current fades, gradually, a forward current is 
induced in the coil by self-induction that draw more charges from the positive 
plate of the capacitor towards the negative plate. 
Consequently, the plate that was negatively charged becomes positive while the 

other plate becomes negative reversing the capacitor polarity, generating an 
electric field between them. 
The current through the coil ceases and therefore the magnetic field till they 
vanish. Accordingly, the energy stored in the coil as a magnetic field is 
transformed into electric energy stored in the capacitor. 
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Next to that, the capacitor discharges another time through the coil in a direction 

opposite to original discharge. Thus, charging and discharging of the capacitor 

is cycled and an electric oscillation of high frequency is produced in the circuit, 

interchanging the energy between the two fields.  
Due to the ohmic resistance in the coil and the other circuit wiring,  a part of 

energy is dissipated as heat energy. This result in a 
gradual decrease in the value of the alternating 

current in the circuit and the voltage across the 

capacitor plates, as well. This hiders charging and 

discharging  processes and – causes the current 

eventually to die away to zero.  
However, if  this loss is compensated by extra 

charges supplied to the capacitor, the oscillatory 

action of passing energy back and forth between 
the capacitor and the inductor would continue 

indefinitely. 

The diagram illustrates a damping oscillation due to ceasing of 

charge on capacitor plates over time. 
Finding the current frequency in the oscillator circuit :  
In the oscillator circuit, when capacitive reactance and inductive reactance are 

equal and cancel out each other, leaving only the resistance of the circuit to 

oppose the flow of current, the current reaches its maximum in the circuit. The 

circuit frequency can be deduced as follows : 

  XL = XC      2   f L = 
fC2

1
 

The circuit frequency : f = 
LC2

1  Hz 

We can substitute self-inductance L by the relation : L = 


2AN
 

Example 1 :  
Find the frequency of current in an oscillator circuit if self-inductance of 

the coil is 16  H and the capacitor capacitance is 4.9 mF. 

Solution : 

F = 
LC2

1  = 
222

7

x
  

36 109.41016

1
 xxx

 = 
44

7  x 
74

105

x
 = 568.18 Hz 
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Example 2 :  
When an inductive coil is connected to a capacitor of capacitance 18 microfarad, 

the frequency of the circuit is 2 x 104 Hz. But, when the same coil is connected 
to another capacitor, the frequency of the circuit becomes x 104 Hz. Calculate the 

capacitance of the second capacitor.  

Solution : 

 f   
C

1
   

2

1

f

f
 = 

1

2

c

c
 

 
4

4

103

102

x

x
 = 

18

2c
   

9

4
 = 

18

2c
     c2 = 8  H 

 

Tuned or “Resonant” Circuit  
consisting of an AC power supply of varying frequency,a capacitor of 

variable capacitance connected to an inductor whose inductance can be 

altered. and hot wire ammeter 
The most common application of resonant circuits  is tuning radio receivers for 

picking out the signal of a particular station, at a particular frequency . 
Operation of resonant circuit : 

Allow the current to pass and vary the frequency 
of the AC supply. You find that the current 

value changes. The current value is low if there 

is a big difference between frequency of the 

power supply and the circuit frequency. 

On the other hand,  
the current value increases as the frequency of the power supply approaches the 
circuit frequency. The current value reaches its maximum when the circuit 

frequency resonates with the source frequency.  

Hence, the inductive reactance should be equal to the capacitive reactance. 

Resonating the circuit frequency with the source frequency can be achieve either 

by tuning the source frequency the  capacitor capacitance or the coil inductance. 

Resonance in tuned circuit and resonance in sound are alike. Intensity of sound 
strengthens when two turning forks vibrate at the same frequency, and weakens 

when their frequencies differ markedly. 

Conclusion : If multiple frequencies affect an oscillator circuit at the same, 
the circuit does not allow a current to pass except for that having frequency 

either equal or so close to the circuit frequency. In this case the circuit is said to 

be resonant. 
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Tuned “resonant” circuit in the wireless radio receivers:  

In radio receivers, the tuned circuit is connected 

to the antenna that is hit by electromagnetic 

waves transmitted by different stations; each of 

a different frequency. The wave that has a 
frequency equal to the circuit frequency only 

affects the antenna and generates a current in 

the tuned circuit of equal frequency to that 

particular station.  

 

Thus, the tuned circuit in radio receivers allows only the current that has 

frequency equal to the circuit frequency to pass. When you like to hear a certain 
broadcasts station, you tune the frequency of the circuit either by altering the 

capacitor capacitance or the number of turns in the coil to allow only a current to 

pass if its frequency resonates with the circuit frequency. This current then 

undergoes processes of amplification, rectification and finally the current 

expressing the sound is separated to pass to loudspeakers . 

 

 

 

 

 

 

 


