ALTERNATING  CURRENT

An alternating current is a periodic current whose time dependence is given by a sine function.

i.e it is a current which varies  periodically  with time both in magnitude and in direction.
It can be represented by a sine curve/wave and it is said to be sinusoidal.
i.e I = I0 sinwt
where I = Current at an instant
           I0 Peak/maximum value  of a.c
           w= angular  frequency , where w = 2[image: image2.png]


 

[image: image3]
It can also be represented by a cosine curve/wave i.e I = I0 coswt

Definitions

Amplitude /Peak value of alternating current
This is the maximum value of alternating current.
Amplitude /Peak value of alternating voltage
This is the maximum value of alternating voltage.
Root mean square value (R.M.S) of an alternating current
This is the value of the direct current which dissipates heat in a given resistor at the same rate as the alternating current.
Root mean square value (R.M.S) of an alternating voltage
This is the value of the direct voltage which dissipates heat in a given resistor at the same rate as the alternating voltage.

Frequency, f of an alternating current

This is the number of cycles which the current goes through in one second.
Period, T of an alternating current

This is the time taken for an alternating current to make one complete cycle
Relation between R.M.S and Peak value

Let the instantaneous current be I = I0 sinwt

Instantaneous power dissipated in the resistance, R.

 Pinst = I2 R = (I0 sin wt)2R

Pinst = I[image: image5.png]gksin



2wt
Average  power dissipated [image: image7.png](P)



= [image: image9.png]


R [image: image11.png](Sin*wt)
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But  [image: image13.png](Sin*wt)



 = [image: image15.png]1,
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 = [image: image19.png]
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For  direct  current  Id passing  through the same  resistor.

P= [image: image23.png]


R
 [image: image25.png]3
2R



 = [image: image27.png]



From the definition of root mean square
[image: image29.png]
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 R = [image: image33.png]
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Note [image: image41.png]< sin® wt >



= [image: image43.png]1



 [image: image45.png]T siz =1
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Similarly Vrms =  [image: image47.png]


 and Erms[image: image49.png]


 = 
Examples

1. The a.c  mains supply voltage to a house is 240V. Calculate the peak  value  of the supply

Solution 

[image: image318.png]


Vrms = [image: image51.png]


        [image: image53.png]


= Vrms[image: image55.png]


 = 240[image: image57.png]


 = 339.4V.
NB: In power distribution, voltage, current and e.m.f are always quoted in terms of their R.MS 
        values.

2. The current at an instant  is given  by I = 0.03sin120[image: image59.png]mt




Determine           (i) the R.M.S value of current 

 

    (ii) the frequency of a.c

Solution 

Compare I = 0.03 sin120[image: image61.png]mt



 with I= [image: image63.png]


sin wt

 [image: image65.png]


=0.03A 
Irms = [image: image67.png]Hle



 = [image: image69.png]B



 = 0.02212A

(ii) 
w = 120[image: image71.png]2nf




              F = [image: image73.png]


 = 60Hz

3.
An alternating  current in amperes varies  with time in seconds as 

 
I = 100sin 50[image: image75.png]mt




 
Find ;

(i) Peak  value of current 

(ii) R.M.S  value of  a.c

(iii) Frequency  of a.c


Solution 

(i)  
From I = I0 sinwt = I0 sin 2[image: image77.png]mft




 
          I0 = 100A

(ii) 
Irms = [image: image79.png]Hle



 = [image: image81.png]|8



= 70.7A
(iii)  
wt = 2[image: image83.png]


ft = 50[image: image85.png]


t

 
2f = 50

 
 f = [image: image87.png]50/,



  = 25Hz
4.
The instantaneous value  of a sinusoidal  voltage is given  by V= 339 sin 100[image: image89.png]


 volts. Calculate;
(i) 
Vrms

(ii)   frequency of an  alternating voltage
[image: image319.png]= |5



Solution 
Compare  V=339sin100[image: image91.png]


 with V= V0 sin[image: image93.png]2m



ft
                  V0=339V       Vrms = [image: image95.png]


 = [image: image97.png]wle



 = 239.7V
(ii) 
2[image: image99.png]


f = 100[image: image101.png]


 .
            f  = [image: image103.png]


z
Measurement of a.c 
Moving -coil ammeter is not suitable for measuring a.c. 

Explanation 
When an a.c is passed through a moving – coil ammeter, the direction of the couple changes each time the current reverses. The pointer therefore vibrates at the frequecncy of the a.c about the zero position hence the value of the current can not be read.

INSTRUMENTS USED TO MEASURE A.C
1.
Moving from meter   (i) Repulsion type  

(ii)  Attraction  type
2. 
Hot  wire  meter 

3.
Thermocouplemeter
4.
Bridge rectifier.
1.
MOVING  IRON OF REPULSION  TYPE
[image: image320.png]"
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                                       Non linear scale 








  



When  current  to be  measured is passed  through  the coil (solenoid) via terminals P and Q  whatever  the direction  of current, the rods are magnetized  in the same  sense  and so they repel  one another causing the pointer to move  over the scale until it is  stopped by the  restoring  couple due to the hair spring.  Now the  force  of repulsion  between  the rods is proportional  to the square of the average current.  Hence the deflection of the pointer is proportional to [image: image105.png]<I*>



 . Hence the scale  is non - linear.
Advantages of a moving iron meter over a moving coil Galvanometer.
- It can measure both a.c and d.c.
- It measures a relatively  large current.

 Moving iron  meter of attraction type.

The current to be measured is passed through the solenoid.  A magnetic field  is created in the coil. The soft iron plate is magnetized  and attracted  towards the coil whatever the direction of current.This causes the pointer to deflect  over the scale  until it is stopped by the restoring  couple due to the  hair spring.
The air dash pot consisting of an aluminium  plate inside a curved cylinder provides damping  air which brings the pointer to rest at its deflected position quickly.
The force  of attraction  is proportional to square of the average current. Hence the  deflection  of the point is proportional  to [image: image107.png]<I*>



 . Hence the scale is non – linear.
Advantages of moving iron ammeter 
- they are cheap 

- can be used to measure both a.c and d.c. 

Disadvantages of moving iron ammeter 
- they have non-linear scales. 

- They are not sensitive like moving coil galvanometers 

- Can easily be affected by stray magnetic fields like earth’s magnetic field unless shielded by an iron case 

Thermal  couple meter
Hot junction




Wire carrying a.c

P and Q are different metals joined at R. Current to be measured is passed through wire AB and heats the junction, R of the thermocouple.
Thermo electric emf is generated at R causing a direct current to flow through the micro ammeter already calibrated to measure root mean square values of the current.

The meter has high sensitivity because of its low inductance and capacitance.

UNEB 2004 6C.
THE HOT IRON (WIRE) METER











Current to be measured is passed  through the wire  XY. The wire heats up , expands  and sags.  The sag is taken up by the fine wire  PQ held taunt  by the spring.

Wire PQ passes round a pulley attached  to the  pointer which  deflects over the scale as the pulley  rotates  when PQ moves down.

The deflection of the pointer is proportional  to the square of the average current. Hence the scale is non linear.
THE RECTIFIER METER

A rectifier  metre is a moving coil instrument with rectifier. A rectifier is a device  with low resistance to current flow  in one direction and a high resistance to current flow in the reverse direction.

When a rectifier is connected to an alternating  current supply , it allows pulses  of varying but direct  current to pass.

The average  value of these pulses  is measured  by a moving – coil meter.

Most rectifiers  used are semi – conductor  diodes. 

Rectifier instruments based on the moving  coil meter are more sensitive than  other alternating  current metres.

The rectifier metre scale is calibrated to read  root- mean square values of current and p.d with sinusoidal wave forms.

Structure and action of a half  wave rectifier type of meter.

                                                                              Rectifier/diode








 Current  to be measured is fed to the meter through the rectifier/diode  which conducts current in only one direction. SO a direct current of  varying magnitude  flows through the meter. The  moving coil meter is calibrated  to measure root mean square values of current. (UNEB 2009. 7C)
N.B: 

BRIDGE  RECTIFIER ( full wave rectifier type of meter)







                                                                                                                   R


During one half  of the  cycle when A is positive relative to B, diodes D4 and D2 conduct. Current flows through the resistor R in the direction D to E.
During the next half of the cycle when B is positive relative to A, diodes D1 and D3 conduct  and current  flows through R in the direction D to E.
The current flows through the meter in the same direction and the meter deflects in the same direction, hence reads a steady  value of R.M.S.
Why rectify? 
Many electrical appliances such as radios, televisions and computers require direct current for their operation. Alternating e.m.fs are easy and cheap to generate and to use it for these devices it must be converted to direct current by the use of rectifiers.
Assignment: Read about capacitor smoothing
EFFECTS OF  RESISTANCE ON CURRENT  AND POWER

 



When an alternating p.d is applied to a pure resistor its magnitude rises to a maximum in the same time as that of the current. Thus at any instant in a resistor I and V are said to be in phase.

If the alternating voltage is 𝑉 = 𝑉𝑂𝑠𝑖𝑛 𝜔𝑡
If  V0 and I0 are the peak  values of V and I, then I​0  = [image: image109.png]



[image: image111.png]


 
 :.  Irms = [image: image113.png]T - Vrms=IrmsR andR= =




Variation  of current  and voltage  with  lime



Time

Examples

1.(UNEB 2001 7b)

A sinusoidal  alternating voltage V= 170 sin[image: image115.png]20mt



volts is applied  across a resistor  of resistance 100Ω. Determine  the;

(i) R.m.s value of the current which  flows (03)

(ii) Frequency  of the current which  flows through the resistor R. (03 )

Solution 

Irms = [image: image117.png]


 but  Vrms = [image: image119.png]



:. Irms = [image: image121.png]RV



 = [image: image123.png]170
10072




 = 1.2A

(iii) w = 2[image: image125.png]


f = 120[image: image127.png]



         f = 120[image: image129.png]


  = 60Hz
               2[image: image131.png]



Power developed in the resistor

 In a resistor  of resistance R, current  and voltage are in phase.

i.e  I= I0 sinwt  and V= V0sin wt

Therefore  at any time, t,  the power  developed in the resistance is given as P= IV
P= I0 = Sinwt  x V0 sinwt
  = I0V0 sin2 wt
Average   power  [image: image133.png]<P >



  = I0 V0 [image: image135.png]< sinwt >




But  [image: image137.png]< sinwt >



 = ½  = ½
[image: image139.png]<P >



 = [image: image141.png]


  X [image: image143.png]


  

:. [image: image145.png]<P >



= Irms vrms

           = I2rms R

          = [image: image147.png]



Hence power is  dissipitated  in the resistor 

Example

1. (UNEB 2005 7 b(i))

An  electric  Kettle  draws 1.5 x 103 W  from  a 240V
mains supply. Find the peak  value  of the current drawn by the Kettle  if the voltage  is sinusoidal.(03 )

Solution 

P = 1.5 x 103 W, Vrms = 240V

P = Irms Vrms ==Irms = [image: image149.png]



I0 = Irms[image: image151.png]


 = [image: image153.png]L5x10° =
=22 Vz=8844




Sending  current/charge  in the circuit in O, direction.

The  process is repeated  many times  per second  that the milli ammeter shows  conditions  flow of  current.
CAPACITANCE  REACTANCE , XC
Capacitive  reactance is the non-  resistive opposition to the flow  of alternating  current  through the capacitor.
The unit of capacitive  reactance is the ohm (Ω)

Derivation  of the expression  for  capacitive reactance.


rough the capcitor.












e of the capcaitor tion to the flow  of alternating  current  through the capcitor.













Let  the p.d across the capacitor at time, to be V= V0sinwt
The instantaneous charge on the capacitor is Q=CV= CV0sinwt

Where C is the capacitance of the capacitor.

The instanteneous  current flowing through  the capacitor.

I = [image: image155.png]



= [image: image157.png]2



(CV0sinwt)

I = CV0wcoswt

        I0 =CV0w
Xc = [image: image159.png]



Qn  UNEB 2015

1 (a)(ii)
Derive an expression  for capacitive reactance (04)
2 (UNEB 2015 4 b(ii) )
A sinusoidal p.d of r.m.s  value of 20V and frequency 50Hz is applied across a 2100μF capacitor.
Calculate the capacitive  reactance of the circuit (02 )
Soln 

Xc = [image: image161.png]S



 = [image: image163.png]2w %100 x 10-° %50




 = 31.8Ω
2. (UNEB  2011 , 5(b) (iii))
A capacitor  of 0.1μF is in series with an a.c  source of frequency 500Hz.  If  the r.m.s value  of the current flowing  is 6mA, Calculate the voltage across the capacitor. (03 )
Solution
Xc = [image: image165.png]S




     = [image: image167.png]1
7% 314 ~ 500 v 01 % 10-°




     = 3185Ω
Voltage , Vrms = Irms Xc = [image: image169.png]1000



 x 3185 = 19.1V
3. (UNEB 2005 7( c) )
An alternating  voltage of 12V and variable frequency , f is connected in series with a capacitor  of capacitance, C.

Calculate the value  of the current in the circuit when  f and C are 1KHz and 0.5μF respectively (03)

Solution 
Vrms = 12V, f = 1000Hz   
C= 5.0 x 10-7F

Xc = [image: image171.png]


 = [image: image173.png]S




Irms = [image: image175.png]Vrms

= 2nfcVrms = 27 x1000x 5x 1077 x 12




    = 3.77 x 10-2A
4. (UNEB 2003 6d)
A 240V, 60Hz alternating  voltage is applied across a capacitor of capacitance 10μF.  Calculate the root mean  square value of the current which flows.

Solution

Xc = [image: image177.png]


 = [image: image179.png]S




Irms = [image: image181.png]"—”:‘ = 2nfcVrms




                    =2[image: image183.png]mx 60x 10 x 107° x 240




                    = 0.904A
5. A sinusoidal  p.d  of r.m.s value  10V is applied  across a 50μF capacitor. The a.c supply has a frequency of 50Hz. Determine the ;

(i) Peak  charge  Q0  on the  capacitor

(ii) R.m.s value of the current I  through the capacitor 
Solution 

(i) Vrms = [image: image185.png]


          V0 = Vrms[image: image187.png]


 =10[image: image189.png]V2 =14.14V




But  Q0 = CV0 = 50 x 10-6  x 14.14

 Q0 = 7.07 x 10-4 C


(ii)  Xc = [image: image191.png]



Irms = 2[image: image193.png]mfcVrms




        = 2 x 3.14 x 50 x 50 x 10-6 x 10

        = 0.157A
PHASOR DIAGRAMS

A  Phasor  diagram is a vector diagram on which the variation of voltage and current may be shown say for a capacitor or an inductor.

Phasor  diagram  for a capacitor
The current and voltage are not in phase.

The current leads  voltage by  [image: image195.png]T/



 radians or 900
I 
I
 





OR
                                                               V

Current  leads  voltage by [image: image197.png]T/



 radius  or 900 

Sketch graphs  showing the variation of voltage, V and current I  with  time.




Time 

     Qn
UNEB  2009 7 (a) (iii)
Sketch  using the same axes, graphs  to show  the variation  of voltage, V and current  I  with  time. (02 )
Power in an  a.c circuit  containing  a capacitor 

In a capacitor  the current I leads  the  applied voltage, V by [image: image199.png]T/



 radians.

i.e I = I0 coswt

    V= V0 sinwt

Power absorbed P=IV

P= I0V0 sinwt coswt
  = ½ I0V0 sin2wt

The average  power

[image: image200.png]IV, < Sin2wt >




But  [image: image202.png]< sin 2wt >





          [image: image204.png]<P>=0




It follows that the power  absorbed by the capacitor in one cycle is Zero.

No net energy  is stored  on the capacity over a full cycle because

During the first  quarter cycle  the capacitor  charges  and energy  is drawn  from the source and stored in the electric field due to p.d across the plates  of the  charged capacitor.
In the second  quarter cycle the capacitor discharges  and energy  is returned to the source.
In the third quarter cycle the capacitor  charges  in the reverse sense and energy is stored.
In the fourth quarter cycle the capacitor discharges and  energy is returned to the  source.
Hence over a full cycle  there is no net energy stored on the plates of the capacitor.

Qn. 1 Explain  why an alternating  current apparently flows through the capacitor whereas  direct  current  does not.

Solution 

When the capacitor  is connected  to a dic source the  capacitor charges fully and current stops flowing.

When the capacitor  is connected  to an  a.c voltage supply, the  voltage  increases and decreases alternately.

When the voltage  is increasing the capacitor  charges.
When the voltage is decreasing  the capacitor discharges. Hence there is continuous  flow  of charge (or current). In the circuit.


2.

The bulbs A and B have the same rating.  A is a connected  in series with  a capacitor  across an a.c source capacitor across a dic in series with an identical root mean  square voltage  of the a.c as shown in  the figure  above. Explain why bulb A lights continuously while B does not.

Solution 

A lights continuously  because the  applied  alternating voltage  causes the  capacitor  to charge  and discharge  one way  and charge  and discharge in the opposite direction. This process continues at high frequency implying continuous alternating current through the bulb. Since the bulb lights irrespective of the direction of current, it will light continuously.
B flashes momentarily and goes off because as the capacitor charges up, the flow of charge stops when the capacitor is fully charged.

Expression for the instantaneous current which flows through   a capacitor.

/
   



Let the p.d  across the capacitor  at time  the  V=V0sin 2[image: image206.png]


ft.

The instantaneous charge  on the capacitor is Q = CV = CV0sin 2[image: image208.png]nft.




Where  C is the capacitance  of the capacitor.

The instantaneous current flowing through the capacitor

 
I = [image: image210.png]



 
  = [image: image212.png]2



 (CV0sin[image: image214.png]2nf



t )
                                 I = 2[image: image216.png]TfcV



0C0s 2[image: image218.png]


ft

                                   = 2[image: image220.png]mcV



0sin (2[image: image222.png]nft+ T/,



)

Hence current  leads  voltage by [image: image224.png]T/



 radius = 900.

Qn. (UNEB 2009 7a (ii) )

 A sinusoidal voltage of amplitude, V0 and frequency, f  is connected across a capacitor of capacitance, C.  Derive  an expression for the instantaneous current  which  flows (03)

Qn  (UNEB 2004 6d(i))

Show  that  current  leads  voltage  by 900  when a sinusoidal voltage is applied across the capacitor (05)

From  I = 2[image: image226.png]TfCV



0cos2[image: image228.png]nft compare with




          I = I0cos2[image: image230.png]mft




          Then I0=2[image: image232.png]TfCV



0 or wCV0
         I0 = Peak value of the a,c
Effects  of inductance  on current  and power
An inductor is a coil of wire  in which  an emf is induced by a changing  magnetic  field due to an alternating  current through the coil.
The inductor coil in an a.c circuit therefore behaves  like a capacitor since it causes  a phase difference between the applied p.d and current.


Suppose the resistance  of the coil is negligible, if current I flows through the inductor coil of inductance, L Henries at a time  t when a p.d is applied. I = I0 sin2 [image: image234.png]nft,where



 where I0 is the peak value of a.c.
The  back  emf Eb in the inductor coil due to the changing  current is 

 Eb = - L [image: image236.png]2



 

Eb   = - L [image: image238.png]a



 (I0 sin2[image: image240.png]


ft)
= -2[image: image242.png]


fL I0cos2[image: image244.png]


ft 
In order  to maintain  the current, the applied  voltage V should be equal to the back e.m.f.
 V=  - Eb
    = 2[image: image246.png]


fLI0 cos 2[image: image248.png]


ft.
v0 = 2[image: image250.png]nfL



I0
 [image: image252.png]


   = 2[image: image254.png]


fL  and  [image: image256.png]


 = 2[image: image258.png]


fL
Where 2[image: image260.png]


fL is the inductive  reactance XL  of the inductor. i.e  
Inductive  reactance  XL  is the  non resistive opposition to the flow of alternating  current  through  an inductor.
XL = [image: image262.png]— Vrms
T

2nfL



 or  wL
QN. 

1. A  sinusoidal alternating  voltage of  8.0 Vrms and frequency  2KHz is applied  to a coil of inductance 0.4H. Assuming  that the  coil  has  negligible  resistance, calculate the root mean  square  value of the current.

Solution 

From  XL = [image: image264.png]Vrms




              Irms = [image: image266.png]X



 = [image: image268.png]2mrL




Irms = [image: image270.png]&0
Tv3.1% ~ 2000 £ 04




= 1.59 x 10-3A

2(a) (i) What is meant by inductive reactance (01 ) 
(ii) Derive an expression  for the reactance  of  an inductor  of inductance L when a sinusoidally   
      varying  a.c of frequency , f passes through it (05)

(iii) A sinusoidally  alternating  voltage of 6.0 Vrms and frequency 1KHz is applied  to a coil of inductance 0.5H.
Assuming that the coil  has negligible  resistance,  calculate the root  mean  square value of the current. (03 )                                       L
(b) 
                               
A coil  of inductance  L is connected to a source  alternating  current as shown  in the figure above. If the current in the coil  is given  by I = I0 sinuwt,
(i) Derive the expression  for the voltage , V across the coil. (03)

(ii) Sketch, using the same axes, graphs to show  variation of V and I with time and comment on the graphs.                                                                     (02)

Solution 

2(a)(i)Inductive  reactance  is the non – resistive opposition to the flow of alternating  current    
           through the inductor.
(i) Suppose  current I= I0sin2[image: image272.png]


ft flows through the inductor, where I0  is the amplitude, induced    
          back emf.
 
E = - L [image: image274.png]2




 
= - L [image: image276.png]2



 (I0 sin 2[image: image278.png]


ft)

 
= - 2ПfL I0 cos 2[image: image280.png]


ft

For finite  current  in a pure  inductor, applied  voltage 
V= -E.

V= 2[image: image282.png]


fLI0 cos2[image: image284.png]


ft
where V0 = 2[image: image286.png]


fL I0 

Inductive  reactance XL  = [image: image288.png]



XL  = 2[image: image290.png]


Fl.
(iii) Irms = [image: image292.png]X



 = [image: image294.png]2mrL




= [image: image296.png]&0
%315 ~ 1000 <05




= 1.9 x 10-3A
(b) 
The applied voltage

 
V= L [image: image298.png]2




           = L [image: image300.png]


I0 sinwt)

V= wL I0 coswt or wLI0sin (wt + [image: image302.png]T/



)
[image: image303.png]o pn




Applied voltage  leads  current by [image: image305.png]T/



 radians = 900
Phasor diagram.


     VL
                                                                      IL
Power in an a.c  circuit  containing  an inductor. In an inductor, the applied voltage V leads current I by [image: image307.png]T/



 radians i.e

I= I0 sinwt and V = V0 coswt

The power absorbed P = IV
P= I0V0 sinwt coswt
  = ½ I0 V0 sin2wt
The average  power 

[image: image309.png]<p>1/



 I0v0 [image: image311.png]< sin2wt >




But [image: image313.png]< sin2wt >





             [image: image315.png]<P>=0




Therefore on average no power is dissipated in an  inductor.
In one  cycle the average  supplied to inductor/coil  is zero because;
In the first  quarter cycle  when current is increasing  work is done against back emf. The energy  is transferred  from the source  and stored  in the magnetic field of the inductor/coil.

In the  second  quarter cycle as the current reduces, the magnetic  field begins  to collapse energy is returned to the source.

In the third  quarter cycle energy  is again  transferred  from the source to the inductor.

In the fourth quarter cycle  energy is returned to the source. In one cycle the energy  supplied  to the  coil is zero.

QN.
A sinusoidal  alternating  voltage of 20 V (rms) and frequency 60Hz is applied across a coil of wire of inductance 0.2H and negligible  resistance.
(i) Find the reactance of the coil at this  frequency (03)

(ii) Calculate the rms value  of the current which  passes through the coil (02 )

(ii) Explain why  on average the power  delivered  to the inductor in one cycle is Zero.(03)

A graph of V against t has the form: 
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