Name: Physics Sheet 4
Ahmad Jazzar

Grade 9 Unit2 Electricity

Exercise 1: Grouping of resistor

Determine the equivalent resistance of the grouping of the following resistors seen between points A and
B. Given: R =50 Q R, =20 Q and R, =30 .

Ri R'l
A A A
R, R, R, R, R,
R
B Be Be
(a) (b)

<)

Exercise 2: Voltage of the mains

1) The adjacent graph represents the variations, as a Ay
function of time, of the voltage across the terminals of a A

geueralm'. [K
Take v2 =14
a) Is the voltage represented by the graph: direct (DC). \
triangular or alternating sinusoidal?

b) Specify a point on the graph that may be used to
determine the maximum value Ug of the voltage.

Calculate Up,. ;* \J \ E\(‘

F :

¢) Name a couple of points on the graph that allows us to
calculate the period T of that voltage. Fl

Calculate T and deduce the frequency f. SmS

d) A vnlrmgte{. in the AC mode. connected across this Scale :k e ;‘*‘ﬂ'“ —— '; e
generator, indicates a value U.

What does U represent relative to the voltage across the generator?

Calculare U.

2) The voltage across a wall outlet in your house is identical 1o that represented by the

graph. Why?
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Exercise 3: Electric heater

A house is equipped with a circuit breaker of 15A. The voltage of the mains across one of

the outlets of this house 1s 220V,
We connect the heater across the outlet. The heater 15 formed of two resistors (D) and
(D,) of respective resistances R; = 20 Q and R; = 30 Q.
1) The heater functions normally when (D)} and (D) are connected in series.
a) Draw a diagram representing (D) and (D:) across the outlet.
b) Calculate the resistance of the resistor equivalent to (Dy) and (D).
¢) Calculate the current cammied by the circuit.
d) Determune the energy consumed by the heater in two hours.
2) (Dy) and (D>) are supposed o be connected in parallel.
a) Calculate the main current.
b) Explain why the circnit breaker will then open the circuit.

Exercise 4: Role of a fuse in an electric apparatus

The object of this exercise is to show evidence of the role of a 3
fuse in an electric apparatus (an adapter). For this, we consider . L
the circuit whose diagram is represented in the adjacent fizure. It by

15 formed of an amuneter (A) and two resistors (R;) and (Rz) of il
respective resistances R;=18Q and R,= 120 connected in series adapter[

across the output of the adapter. |

The adapter bears the following mscriptions for the input: 220V, -
50Hz, ~, and for the output: 9V ...... The output circuit of this
adapter is protected by a fuse marked 400mA.

1- What does each of the three indications inscribed on the I } [
inpur of the adaprer represent?
2. In order to feed the circuit with 9V DC, we nmst connect
the input of the adapter across the mains. Justity
3- Calculate the resistance of the resistor equivalent to (R,) and (R»).
4- Detennine the current carried by the circuit.
5- The resistor of resistance R is short-circuited.
a- Determine the new value of the current.
b- The ammeter reads zero. Why? Explain then the role of the fuse.

Exercise 5: Determination of the resistance of a resistor

The ciremt represented in document 3, consists of:

We denote by I the electne current in the main branch, by I the electric
current flowing through (R1) and by I: the electnc current flowing through
(Ra).

* a generator (G) mamtainng across its termunals a constant voltage Upy
=12V,

* an ammeter (A) of neghgible resistance;

» three resistors (Ry), (Ry) and (R3) of respective resistances
R (unknown), Ra= 50 Q and R3 = 20 .

The crewmt 15 closed and the ammeter (A) reads 0.2 A

ol

Upa =Upc=0V. Why?

Unpi = 0 V. Why?

Calculate, by applving Ohm's law, the value of the voltage Ucu.
Show, by applying the law of addition of voltages, that Uss =8 V.
Determune the electric current I flowing mn (Rz).
Deduce that the electric current flowing in (R1) is i =0.04 A
Calculate R;.
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Exercise 6: Measuring the resistance of a resistor

In order to measure the resistance of a resistor, three groups of students performed the following three
experunents:

1- First experiment

The first group constructed the circuat of the adjacent figure

The circut consasts of P - G |I N

- A generator (G) mamtamng between 1ts poles

P and N a constant voltage of value 12 V

- A resistor (D) of resistance R

- An ammeter (A) of neghmble resistance;

- A resistor R, used for protection, of resastance 14 2

When the carcunt 15 closed. the ammeter indacates 0.5 A
a) Calculate the value of the voltage Unc.
b) Calculate the resistance R, equivalent to R, and R.
c) Deduce the value of R

2- Second experiment
The second group performed another experiment allowing to trace the charactenstcs of two different
electnical components one of which 1s the component (D). They aobtamned the two graphs (a) and (b).
puv)_ o U], Y A 8

® i o

(a)

o
L)

sl

1(A) 1{A)
- 0 0.2 0.4 0.6 0.8

a) Graph (a) doesn’t comrespond 1o (D). Why?
b) Graph (b) comesponds to (D). Why?
c) Determune graplacally the value of R.
1- Third experiment
The thard group measured dwectly the value of R usng a certun wstrument. Name thas instrument.

T

Exercise 7: Voltage across a dry cell

In order to determine the voltage across a drv cell G. we construct the cocuit of the followmng figure.
This coreuat includes

- the dry cell G; Sy k

- alamp (L) with the indications (3 V; 1.5 W); g I

- an ohnue conductor (D). o
- an ammeter (A) of neghigble resistance; r

- aswieh(k); 0.9 | D |

1) a- Explam the meanmg of each of the mdications labeled on (L)
b - Prove, usmg these mdications, that the mtensity of the current flowwng through (L), mn normal
functionng, 15 0.5 A Up (V)

7.1

2) We close (K). (D) 1s chosen so that the amuneter (A) reads 0.5 A
a- The same cwrent of mtensity I is then flowmng through (D) and (L) 6
Why? Deternune the vahie of I is

b- The charactenstic voltage-cumrent (V-I) of the conductor (D)
bemg given by the curve on the right, determine graphically the 36

value of the voltage Up across the ternunals of (D). 14

c- Apply the law of addition of voltages to calculate the voltage Ug

1.2

across the dry cell (G). 1(A)

0
3) Name an mstrument that allows the drect measurement of Ug. How must it
be connected in the carcut?

0.1 0.2 03 0.4 05 0.6

Ahmad Jazzar
To succeed in brevet

p3/9



Exercise 8: Study of an electric circuit

Durmg a laboratory session, we construct the circmt
represented in the adjacent figure.

- G 1s a generator that maintains across its

ternunals a constant voltage Upy =12V,

- (A) 15 an ammeter of negligible resistance.

- (Ry) 15 a resastor of resistance Ry =300

- (R2) 15 a resistor of resistance R

- (K)isa switch.

When we close (K), the ammeter (4) indicares 0.6 A.

1) Determination of the value of Upc

a) The voltage across (A) 15 zero. Why?
b) The voltage across (K) 1s zero. Why?
¢} The voltage Usc 1s 12 V. Justify.

2) Determination of the value of R:

a) Determune the value of the current I3 through (R1).
b) Deduce the value of the current I; through (R3).
¢} Show that the value of B2 15 6002,

3) Eauival .

The two resistors (R;) and (R;) can be replaced by a single resistor (R) of resistance R so that
(A) mndicates the same value I=06 A

a) Out of the following values (9002 : 5002 : 2000), which one matches the value of R? Why?
b) An mstrument allows a direct measurement of R. Name thas instrument.

Exercise 9: Role of a fuse

In order to show evidence of the role of a fuse, we construct the cucuit of

the adjacent figure. This circuit includes in series - P @

- a generator (G) delivering across ifs terminals a constant voltage S
Up=U=24V.

- two identical lamps (Li) and (L2) considered as resistors, carrying the

- afuse (F) of neghgible resistance carrying the mdication 0.65 A

(L) La)
1) a) Give the significance of each of the indications carried by the lamps. ® B

b) Determune the resistance of each of the two lamps A
2) a) The voltage across (F) 15 zero. Why ?

b) Determine the values of the voltages Ujand U; across the termunals of (L,) and (L) respectively.
¢) deduce that the lamps finction normally.

d) What 15 then the value of the current I through the circust?
3) The lamp (L) is short circuited
2) Give the value of the voltage U’ across the terminals of (L:). Justify.

C

b) Deduce the value of the voltage Ui across the ternunals of (L)) and the value of the current I' through
the circuit.

¢) (L) may burn out. Why ?
d) In fact (L;) does not burn out but it will be off. Explam.
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Exercise 10: Study of an electric circuit

Consider:
Two lamps (L) and (L) considered as resistors of resistances R; = 60 Q and R; = 20 Q
respectively carrying the same mseniption: 6 V.

A generator (G) delivening across its termunals, P and N, a constant voltage Upy = 12V,

We mtend to use (G) so as to make the two lamps function normally at the same time.

1.

Assume that (L)) and (L;) are connected in series across

the termunals of (G) as shown m figure 1. P _

a) By applymg the law of addition of vollages, show
that the current through the circmt must be
I=0.15A

b)Determine, in this case, the voltage across the
termunals of each lamp.

2

¢) One of the two lamps has the nsk to bum out wlule
the other one gives famt hight. Why?

2. For the lamps to function normally, we connect across (L) a
resistor (D) of resistance R as shown in figure 2.

Exercise 11:

¢) Deduce the value of R.

a) Deternune the value I; of the current F +

through (L)) and the value Iy of the
current through (L)

b) Find, by applying the law of addition of currents,
the value I; of the current through the resistor (D).

A}Documem 1 represents a wall outlet of the mains for which the effective voltage
15220V

Indicate, for each of the following statements, if it is true or false. Correct the
false statements.

1.
1.

To distingmish between the hive and the neutral ternunals, we use a tester.
A voltmeter, adjusted on AC mode and connected across the ground and
the neutral termunals, displays 220 V.

3. The voltage delivered by the wall outlet is alternating tnangular.

220

4. The maximum value of the voltage of the mams 15 . U,= — V.

Vi

Wall outlet (Socket) and Normal functioning of a lamp

Live Neutral

]

Ground

Document 1
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B] Consider a lamp (L) carrying the inscniptions (9 V; 0.3 A) and a dry
cell of constant voltage Upy. (L) acts as a resistor (ohmuc conductor)
of resistance Ry.

In order to function normally, the lamp (L) 15 connected in senes
with a resistor (R) of resistance R (Document 2).

1. What does each of the mscriptions carried by (L) represent?
2. Determune R;.
3. Show that the current passing through (R)1s1=03 A
4. Using the law of addition of voltages, calculate the voltage
Usc across (R) knowing that Upg =12 V. SN
5. Deduce R.
Exercise 12: Suitable voltage
A voltmeter and an oscilloscope are connected across the termunals of a generator (G) delivering an alternating
smusodal voltage u (document 4).

The document 5 represents the waveform of u.
In the absence of any voltage, the honzontal luminous line passes through the center of the screen.
The adjustments of the oscilloscope are:

* vertical sensihvaty: Sy =5 Vidiv,
* honzontal sensibvity: Sy = 10 ms/div.
Take V2 =1.41.

[ f'\\ .4 “"\‘ ]
© NmR am
L\_i t\..-
Doc. 4 L )
Daoc. 5

1) The voltmeter measures a voltage U. What does U represent?
2) By refermng to the document 5:
2-1) Calculate the peniod T of u.
2-2) Deduce the frequency fof u.
2-3) Show that the maximum value of uis U, =12V,
2-4) Deduce U.
3) A lamp (L) marked 12 V 1s connected across (G). (L) does not glow normally. Justify.
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Exercise 15:

A lamp (L), carrying the insciptions (6 W; 12 V), 1s assumed as a resistor (ohmic conductor) of resistance 1.

1. Show that the cument camed by the lamp (L) while
functioming normally 1s =05 A

2. Calculate r.

3. The lamp (L) 1s placed mn an electric carcuit as shown
document 4.
The resistors (R1) and (R:) have resistances
Ri1=10 © and R; = 20 Q respectively.
The ammeter (A), of neghgible resistance, displays 0.1A
3.1. Calculate the value of the voltage U; across (Ri).
3.2. Show that the current I carried by (R2) 1s 0.05 A.

G

& -

o
Ll

3.3, Deduce the cumrent I through the lamp (L).
3.4. Does (L) function normally in this carcuit? Why?

Exercise 16:

The electric carcut of the document 3 consists of:

- agenerator (G) of constant voltage Upy =24 V;
a rheostat (Ra) of vanable resistance;

- alamp (L) acting as a resistor and carrying the indications (12 V; 6 W);

- avoltmeter (V) connected across the termmnals of (L).

1) The resistance of the rheostat 1s adjusted such that the lamp

)

functions normally.

1.1) What does each of the indications camed by (L) represent?

1.2) Show that the electric current flowing m (L) s i = 0.5 A

1.3) Determne, by applying the law of addition of voltages, the

voltage U s across the termunals of the rheostat.
1.4) Show that the resistance of the rheostat s R, =24 Q0.
The resistance of the rheostat 1s now adjusted at R =000,
2.1) The voltmeter reads 24 V. Justify.
2.2) The lamp burns out. Explam.

(Doc. 3)
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Exercise 17:

An electnc heater (H) camies two inscniptions. The first one 1s 220 V and the other i1s expressed in watt but its
numencal value is erased. (H) functions normally when it is connected to the wall outlet of a domestic

mstallanon

The document 6 represents the vanatons of the electnc energy
E consumed by (H) as a function of time t
1) The electnc energy consumed by this electnc heater 15
given by the relation: E = axt. where “a™ 1s a physical
quantity that charactenzes (H).
1-1) Show that the shape of the curve of the document 6
15 1n agreement with the given relation
1-2) By referning to the graph of document 6, give the
value of E dunng 5 hours of functioning
1-3) Deduce the value and the unit of “a”.
1-4) What does “a” represent?
1-5) Give then the numencal value of the erased
inscription.
1) (H) 15 considered as a resistor (ohmic conductor) of
resistance R Determune R.

4 E (kWh)

25

20

1.0

0.5p—

t(h)

Exercise 18:

The adjacent document (Doc 3) represents a curcut formed of:

e A battery supplying, across its termunals, a constant voltage
Um=12V;

* A fuse that can support a maximum current of 0.6 A;

* A closed switch K;

s A rheostat (Ra) of adjustable resistance;

e A lamp (L) acting as a resistor and carmying the label
(OV: 4.5 W).

1) The lamp functions normally
1-1) Indicate the significance of the label (9 V; 4.5 W),
1-2) Deduce the value of the current I camed by the

lamp (L).
1-3) Calculate the resistance R of the lamp (L).

2)  Starting from a certan value, we decrease the resistance

of the rheostat. The brightness of the lamp increases gradually.

Calculate, just before the fuse melts:
2-1) The voltage Uep across the lamp (L);

1-1) The voltage Usc across the rheostat knowing that the voltage across the fuse 1s ml;

Upa=0
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Exercise 19:

The electnc mstallaton of a kitchen,
represented m (Doc. 2), 1s fed by an
alternating sinusoidal voltage, of effective
value U=220V.

This installation contains the following
electric devices:

e A lamp,

= A refnigerator,

s A washing machine.

1) All the electnc devices function
normally. Justify.

2) All the devices are functioming normally at the same time  Specify, among the circuat breakers marked
10 A, 15 A and 30 A, the one that 1s the most convensent to protect ths mstallation.
3) At the end of 24 hours, the refngerator, of power 990 W, consumes an electnic energy of 9.9 kWh.

Lanp

Refrigerator

@0V.054) (20V:554)

Voltage of @@

the mains "
AL

_!

- - -
brealoer

(Doc. 2)

K

Washing machine
220V 454)

O

Specify whether the compressor of this refngerator 1s working permanently.

Exercise 20:

‘Ihezimuftiﬁs‘uuci-seismshuweﬁdmuofﬂuﬁnpu&meoftheuphcm?ofuhxmducuﬁ
light bulb by a LED lamp, both producing the same luminosity (Doc. 1).

Consider the two lamps (A) and (B). (A) is an incandescent light bulb carrying the indications
(220 V. 100 W) and (B) is a LED lamp carrying the indications (220 V. 25 W). The two lamps are

considered as resistors functioning for the same duration of 5 hours per day.

1) Justify that the two lamps function normally when they are connected across the mains in Lebanon.

2) Calculate, in kWh, the electric energy consumed by the lamp (A) for 5 hours.

3) Show that the monthly consumption of the lamp (A) 15 15 kWh.
4) The average cost of each kWh is 200 LP. Deduce the monthly cost due to the use of the lamp (A).
5) The monthly cost of the electric energy consumed by lamp (B) for the same duration 15 750 LP.

Conclude while companng the monthly cost of each lamp.
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