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L1 ‘Define a generator

L2 ‘ Identify the characteristics of a generator:
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§ 5,

fDefine a Generator

What is a generator? ACADENY
A Generator: Is an electric device that converts
forms of energy into electric energy:.




[p\eiin\e/za Generator

Examples about generators:

Name of
Generator

Convert energy from ...... to ......

Thermal
power
stations

Chemical energy

Electric energy

thermal energy

Dry cell

Chemical energy

Electric energy

thermal energy

Solar cell

Radiant energy

Electric energy

thermal energy




/\

LDefine a Generator
The symbol of a generator Is:

ACADEMY

|_

The current enters through the negative (-) pole and leaves
through the positive (+) pole.



Characteristics of a generator: | & #

A generator Is represented by G( E, r) and
characterized by:

ACADEMY

» Electromotive force (E Iin [V]):

The maximum voltage across the terminals of the generator
at no load.

* Internal resistance (r in [Q]):

The Internal resistance causes the heating of the generator
while functioning due to Joule's effect.



LCharacteﬁétics of a generator: /\J =

Types of generators Kc:mw
Ideal generator Actual generator
generator with generator with internal
negligible internal resistance (r + 0)

resistance (r = 0)



LC naracteristics of a generator: J * »
Application 1: An electric current | leaves the generator Vgt

from terminal A and enters the terminal B. _ B

A +
1. Which one is the positive pole? Justify ‘ ®
Because the current | leaves the terminal A, then A is the positive
pole of the generator and B Is the negative pole of the generator

2. The Internal resistance of the generator Is neglected,
specify the type of this generator.

Since the internal resistance is neglected (r=0), the generator
IS Ideal
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K 1 lCu rrent — Voltage characteristic of a Generator



LCurrent — Voltage characteristic of a Generator /\J

» Set up the following electric circuit that consists of
generator G, rheostat, voltmeter, ammeter,
connecting wires and a switch K.

Sl N\maHT




[Cu rrent — Voltage characteristic of a Generator VVJ P »

When the switch Is opened, the ammeter indicate
zero, the voltmeter indicates the maximum value ¢

P

After closing the switch: I+~ |-

ACADEMY

|I
 Increase the resistance of the r
rheostat to a certain value and GF com
com

record the new values of | and V. {z}
A B

* Repeat this step a few times and tabulate the results.




LCurrent — Voltage characteristic of a Generator ( P »

The values of the current and the voltage are [Tacaoii

recorded In the following table

I(A) 0 0.1 0.2 0.3




LCurrent —Voltage characteristic of a Generator /\J ®

V(v)

D _ 0 Fi

$L7 . L ™ _ Y A
Ko Amo)HT

De omar

I(A)
0 0.1 0.2 0.3



LCurrent — Voltage characteristic of a Generator /&J P »

This graph I1s called the current-voltage
characteristics of a generator. Vv)

The curve is a straight line of @
negative slope and NOT ¢
passing through the origin.

P Pa) 7
S2» N2 ~ANTF
No. .\ HT

I OITUR/ L

The equation of the St. Line Is
U=al+b

a: Is the slope of the curve 0.1 02 0.3
(@a=-r)andb = E.

1(4)




fCurrent — Voltage characteristic of a Generator

U=al+b ‘ A6
Vo — V3
a:
I, — I, °
6— 2 4 *
a = =
0.1-0.3 -0.2 2
1(4)
a=-20V/A 0__ 0.1 0.2 0.3

a=-r=-20 W) r=200
b = E: Is the y Intercept » b =8V



lCurrent — Voltage characteristic of a Generator J P »

Ohm’s Law for a generator:
UG = —r1l+E

ACADEMY

E: Electromotive force (maximum voltage), expressed in volts
(V).

r: The internal resistance of the generator, expressed in ohm
(€2)



ECurrent — Voltage characteristic of a Generator . TN
Application 2: W

To determine the characteristic values of a generator, we set

up an electric circuit.
When we close the switch k, the values of V and | are
recorded and tabulated as shown below.

I(MA) 0 100 200 300 400 500
V(V) 5 4.5 4 35 3 25



z'f’\

[Current — Voltage characteristic of a Generator
1. Draw a figure of the electric circuit. KC:,EMY
2. Plot the graph of V as a function of .

Scale: x-axis: 1cm - 100mAd and y — axis: 1cm — 1V.
3. Determine the equation of the obtained curve.

4. Deduce the electromotive force E and the Internal
resistance r of the generator.




[Current — \oltage characteristic of a Generator
1. Draw a figure of the electric circuit.

ACADEMY




/\

ECurrent — Voltage characteristic of a Generator ®
2. Plot the graph of U as a function of I. 'ACADEMY
Scale:

X-axis: 1ecm -» 100mA
y—axis: 1em - 1V

I(MA) 0 100 200 300 400 500

V(V) 5 4.5 4 35 3 25



moltage characteristic of a Generator | W

ACADEMY

uv)

I(mA)
>
0 100 200 300 400 500




Current — Voltage characteristic of a Generator ®
3. Determine the equation of the obtained curve

The obtained curve Is St. line of - u(v)

ACADEMY

equation U = al + b; where a Is
the slope and b Is y Iintercept 4
U, —Uj4 2
R P
2 1 2
5—-3
a = 1

2 5[/ A 0 100 200 300 400 500
a = ) = —
—0.4 “a /



ECurrent — Voltage characteristic of a Generator
3. Determine the equation of the obtained curve

ACADEMY

U=al+b j>U=—51+b 5U(V)
b i1s y-intercept j> b=5 4
Substitute (100mA; 4.5V) in
the line equation: y = —571 + p
2
4.5 =-5(100-+-1000) + b
4.5=-5x0.1+b 1 ooy

4.5 =—-0.5+0b 0 100 200 300 400 500
b=5V U=-41+5



[Current — Voltage characteristic of a Generator

4.Deduce the electromotive force E and the internal
resistance r of the generator

The equation of the obtained St. line
Ohm’s law of the generator is

Compare the two equations to get:
—5 = —r ‘> r = 5()




BSA
Be Smart

Academy
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Define the receiver

Current — Voltage characteristic of a receiver

ACADEMY



[Definition of a receiver

ks

Be Smart

Receiver 1S an electric device that converts the Vacapemy
consumed electric energy into other forms of energy

Electric motor: electric motor
converts electric energy to

mechanical energy
thermal energy:.

and

Fan: fan converts electric
energy to mechanical
energy  and thermal

energy.




LngLMt/ion of a receiver

(E's 1)

J x
A receiver can be represented by (E’; r’) KC;EMY

/\

Back electromotive
force, In [V]

The minimum voltage
needed by the receiver
to operate.

Internal resistance, In
[Q]

That causes the heating
of the receiver while

functioning due to
Joule's effect.



[Current — Voltage characteristic of a receiver

Set up the following electric circuit that consists of a
generator G, rheostat (Rj), electric motor (M),
voltmeter, ammeter, connecting wires and switch K.

D _ 0 g
€2~ N2 ~ANTF
at* Y227 ¢7 3 |

When the switch (K) Is opened.: |
The ammeter and the voltmeter /4K

P 1 + G — N
indicate zero values. - Kn




[Current — Voltage characteristic of a receiver J T »

When the switch (K).is closed:
Give the rheostat’s cursor different positions; then record the

Indications of the voltmeter and the Ammeter. G
_ N
| coml

ACADEMY

The results are arranged in the L B
following table:

I(mA) 0 100 200 300 400 500
UV) 3 35 4 45 5 55




LC\ug_eﬂt — Voltage characteristic of a receiver

1(MA) 0 100 200 300
U(Vv) 2 25 3 3.5 4
u(v)

I(mA)

>
0 100 200 300 400



mltage characteristic of a receiver ( P »

We obtain a straight Line of positive slope and NOT
passing through the origin. u(v)

This straight Line Is called the
Current-voltage Characteristic of
the Receiver.

The equation of this straight line Is:
U=al+b I(rPA)
a: 1s the slope of the straight line. 0 100 200 300 400
b: Is a constant, y- intercept.

ACADEMY

4

1




Current — Voltage characteristic of a receiver

Ohm’s law of recelver:

U=71r'I+E'

By comparing the equation of St. line with ohm’s law

U=al+Db

And

U=71r'I+E'

b=E



'Current — Voltage characteristic of a receiver g »
Application 3: KC:,EMY
To determine the characteristic values of a of an active load
(D), we connect It, In series with a rheostat and a generator G.
An ammeter used to measure the electric current In the
circuit and a voltmeter I1s connected across the terminals of
the load D to record its voltage.

When we close the switch kK, and we move the the cursor of

the rheostat, the different values U and | are recorded in the
table below.




‘Current — Voltage characteristic of a receiver |®

I(mA) 0 50 100 150 200 Kc:wv
U(Vv) 2 3 4 5 6

1. Draw a diagram to represent the circuit of the experiment.

2. Draw the graph representing the voltage U as a function of
the current I.

3. What Is the shape of the obtained graph. Deduce the
nature of the load (D).

4. Find the equation of the given straight line.

5. Determine the values of the characteristics of the load (D).




[Current — Voltage characteristic of a receiver EX
1.Draw a diagram to represent the circuit of the experiment.

ACADEMY




'Current — Voltage characteristic of a receiver &

2.Draw the graph representing 6 $ U(V)
the voltage U as a function of
the current |.

I(mA) 0 50 100 150 | 200

uv) 2 3 4 5 6

0 50 100 150 200



LCurrent —/\/Bltage characteristic of a receiver

3. What Is the shape of the 61 U(V)
obtained graph. Deduce the
nature of the load (D).

The obtained graph Is a St.
line of positive slope and not 3
passing through the origin.

(D) Is a recelver, since Its
graph is a St. line of positive 4
slope and not passing through

the origin. 0

50 100 150 200



Mt — Voltage characteristic of a receiver

4. Find the equation of the 61 U(V)
given straight line.

5
The equation of the St. line Is:
U=al+b 3
UZ — U1 3
slope = a =
I =14 )
B 5—3
4= 150-50)=1000
2
a=——=20V/A 0 50 100 150 200



Mt — Voltage characteristic of a receiver
a=20V/A 61U
U=20I+Db 5

b: is y-intercept then b = 2

Substitute (50mA4; 3V) In the
equation: U =20I+b 3

3 =20x(50=1000)+b
3 =20 X (0.05) +b

3=1+b B b=2
U=20I+2 0 50 100 150 200




[Current — \Voltage characteristic of a receiver J ®
5. Determine the values of the characteristics of the load (D).

St. line: U =201 +(2) Ohm’s law is U =)l + )

Compare the two equations:

r = 200
E'I1=\20
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Power consumed by a Recelver Jc

The expression of consumed sl
power by receiver is: The power dissipated (lost) by
P =V %1 the receiver due to Joule's
But the voltage of a receiver | éffect: o
IS PdiS =r.l
V=1 1+E The useful power delivered
by the receiver:
Then: Pycerul = E'l

P=@GI+E)XI

Pconsumed = Pdis T Puseful

P=r.I?+E'I




[Power consumed by a Recelver E L
Blocked motor:

ACADEMY

The voltage across a receiver

IS:
V=r'I+E'
For a blocked motor: ;n Ehrlg f:ssiitt)hre motor acts as
E' = 0V P '
V=r'I+E’

V=r'l



'The efficiency of a motor

The efficiency of a motor:

pout

X 100

in

P
useful % 100

p:

P consumed

E': back electromotive force of
a receiver

V: voltage across the terminals
of the recelver.



'Power consumed by a Receiver | »
Application 4: Kc:mww
An electric motor M Is characterized by M( 8V; 2Q).

The motor M receives a current I = 34 during Its normal
function.

1. Calculate the power lost by the motor.

2. Calculate the power used by the motor.

3. Deduce the power consumed by the motor.
4. Determine the efficiency of this motor




Power consumed by a Recelver («

M(8V; 2Q);, I = 3A
1.Calculate the power
by the motor.
Piost = r'l-

Piost = 2 X (3)2

P = 18 Watt

D _ 0 Fi
VL2 ~ \ 23 - A

lost | 2. Calculate the power used
by the motor.

Pysea = E'. 1
Pysea = 8 X 3

P,..q = 24 Watt



Power consumed by a Recelver

M(8V; 2Q); 1 =34

3. Deduce the power | 4. Determine the efficiency of
consumed by the motor this motor
Puseful
Pconsumed Plost T Pused P = P X 100
consumed
Peonsumed = 18 + 24 p = i_; x 100

Pconsumed = 42 Watt p =57.14%
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[Generators IN series

The positive pole of Gy(E4;71) IS connected to the

~—"

negative pole of G, (E5; ry) then:

ACADEMY

Both G4 and G, act as a generator G(E; r), where:

E:E1+E2

G2(Ez;1r2) G1(Eq;17)

+ - +
—0 ———

and

e V1Y

r=r;1 +I

G(E;r)




fGenerators IN series

Application 5:

Consider two generators

G,(5V;1Q) and Gy(8V;2Q) Gi &
connected as shown in the figure. | _ .~ ‘ R
Identify the role of each one |

Both G; and G, acts as generators, since the negative pole of

G, connected to positive pole of G, G(E; 1)
G, and G, can be replaced by G such that: PR | =
E=E,+E,B)E=5V+8V E) E =13V |

r=r;+r r =10 + 21 r = 3()




Generators In opposition | &«

The positive pole of Gy(E4;1r¢) IS connected to the
positive pole of G, (Eq; rp) then:

P o 7
‘LCr Ved)3 8
A U § U

G1(Eq; 1) G, (Ez; 1)
_ oE n _

Then, the generator with higher electromotive force acts as a
generator while the other acts as a receiver



‘Generators in opposition

Application 6:

Consider two generators G, G,
G;(11V;1Q) and G,(5V;2Q) I T
connected as shown iIn the figure. | —e I ——— I o
Identify the role of each one

The positive pole of G4 Is connected to positive pole of G,

The one with higher electromotive force acts as generator, while
the other acts as receiver

Since E; =11V > E, =5V

Then G4 acts as a generator and G4 acts as a receiver






