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Series and Parallel Circuits

A
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A Series Circuit describes

two or more components of a circuit that provide a single path for current.
» Resistors in Series carry the Same current.

=0 =1=i,

The total potential equals the sum of the individual potential. Serios Circult Current
AV, . (series group) = AV, + AV, + AV, + - o
T s

AV,-IxR, AV,=IxR,  AV,=IxR, .

:
» The equivalent resistance equals the sum of the individual resistance. =/

= AV
“el_nili'ui"'na""0 “: eq i
5 ‘total
» For identical resistance in series: R =Rxn (n: number of resistance)

» Current iy

» Potential difference battery = AV =R_x i,

) When add resistor series in circuit

The equivalent resistance will Increase.
Current will decrease.

© Check your understanding

© A 9.0 V battery is connected to four light bulbs, as shown at right.

Find the equivalent resistance for the circuit and the current in the
circuit.

T, - YT Y

(]
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Unit R

© Three 20 Q resistors are connected in series across a 120 V generator.

What is the equivalent resistance of the circuit?
What is the current in the circuit?

© A10Q, 15Q, and 5 Q resistor are connected in a series circuit with a 90 V battery.

What is the equivalent resistance of the circuit?
What is the current in the circuit?

© Calculate the equivalent resistance of these series connected resistors:
680 Q, 1.1 kQ and 11 kQ.

© A series circuit has two voltage drops: 5.50 V and 6.90 V.
What is the supply voltage?

O A 22 Qlamp and a 4.5 Q lamp are connected in series and placed across a potential
difference of 45 V as shown in Figure

: : . : ®
© What is the equivalent resistance of the circuit? 220
© What is the current in the circuit? ';_‘+ asv 450
© Find the potential difference across each lamp.
© What is the power used in each lamp?
s )
0509886279 b placgoylac/d
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[ Series and Parallel Circuits

© Two resistors, 47 Q and 82 0, are connected in series across a 45 V battery.
© What is the current in the circuit?
© What is the potential difference across each resistor?

© If you replace the 47 Q resistor with a 39 Q resistor, will the
current increase, decrease, or remain the same?

© What is the new potential difference across the 82 Q resistor?

© Suppose the circuit shown in Example Problem 1 has these values: R, = 255Q,
R,- 290Q, and AV, = 17 V.

© What is the current in the circuit?
© What is the potential difference across the battery?

© What is the total power used in the circuit, and what is the power
used in each resistor?

© The figure represents a circuit.

What is the equivalent resistance in the circuit?
What should the ammeter read?

What should voltmeter 1 read?

What should voltmeter 2 read?

How much energy is supplied by the battery per minute?

0509886279 O 2 olocgopuc/d
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Unit R

@ The figure represents a circuit the voltmeter reads 70.0 V.
© What will the ammeter read?
© What is the power supplied by the battery?

© Which resistor is the hottest and coolest?

@ Aseries circuit is made up of a 12 V battery and three resistors. The potential difference
across one resistor is 1.2 V, and the potential difference across another resistor is 3.3 V.
What is the voltage across the third resistor?

@ A9.0V battery and two resistors, 390 Q and 470 €, are connected

as a voltage divider.
What is the potential difference across the 4700 resistor?

toa 120 V power source.
© What is the equivalent resistance of the circuit?

© What is the current in the circuit?

© What is the potential difference across each resistor?

0509886279 3 ecgobe/i

Mr Abdelrahman Esam 0509886279 Page 5



[ Series and Parallel Circuits

@ Three resistors of 3.3 kQ, 4.7 kQ, and 3.9 kQ are connected in series across a 12 V
battery.

© What is the equivalent resistance?
© What is the current through the resistors?
© Find the total potential difference across the three resistors.

@® Ammeter 1 in the Figure reads 0.20 A.
© What should ammeter 2 indicate?
© What should ammeter 3 indicate?

@ Aseries circuit has an 8.0-V battery and four resistors, R, =4.0 Q,R, =8.0Q,R =13.0Q,
andR,=15.0Q.

Calculate the current and the power in the circuit.

@ There is a current of 1.0 A in the following circuit. 300
‘What is the resistance of the unknown circuit element?
a0V = 250
LT PR T IR E TR P PROLS )
0509886279 O olocoopbucl
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Unit R

@ If Vemf = 8V and R,=3R, and the current is 0.2A what is the
resistance of R,

@ 20Q [ 40Q
© 30Q @ 10Q

@ According to the figure, when a third resistor is added in series to the two resistors
connected in series. What happens to the the electric current passing through the circuit?

(@) Decrease (b) Becomes infinity ~ (©) Increase (d) Stays the same

@ Two resistors, R, = 3.00 © and R, = 5.00Q, are connected in
series with a battery with Vemf = 8.00V, as shown in the figure.
What is the current measured by the ammeter?

@1.0A ® 0.2A

© 0.1A @ 2.0A

@ For the electric circuit shown in the figure, find the value of (R,) ;]ﬁjli-"

@ 6Q ® 30 }’“ 12Q
© 20 @ 4Q A

@ Based on the circuit that shows value of R=3Q, and a battery of
potential difference V. three resistors, each with What is the value
of the battery potential difference V?

@ 6V ® 12v

©1.5v @ 18v

@ Two resistors are connected in an electric circuit, as shown in the figure. The voltmeter
V is connected across the battery reads 60 V. Which of the following table rows shows
the readings of the voltmeters V, and V,?

v, (V) v, (V)
@ 20 40
®| 40 20
© 30 30
@ 60 60 "

0509886279 b elocgoyluc/i
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A Parallel Circuit describes

two or more components of a circuit that provide separate lﬁ.

—

conducting paths for current because the components are connected
across common points or junctions.

Connection as shown in figure.
» All resistors in parallel group have the same electric potential (voltage)
V,=V,=V,=V_,
» The electric current in each resistor is inversely proportional to its resistance.
» The total current equals the sum of the individual currents
i, (parallel group) =i +1i, 41,
The reciprocal of the equivalent resistance equals the sum of reciprocals of the individual

resistances.
El
1 1 1
=+ —+— B‘=[—+—+—
Hl nl n3

For identical resistance: R =

( n: number of resistance )
Important Notes
When adding a new lamp in parallel
© the brightness of any lamp is not affected,
@ the value of the current passing through each lamp is not affected.
© the total current passing through the circuit increases.
O the equivalent resistance decreases
If one of the lamps burns out or is removed from its place, the brightness of the rest of
the lamps will not be affected.
© Lights wired in parallel have more than one path for current.

© Parallel circuits do not require all elements to conduct.

T, - YT Y

™
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Unit R

Check your understanding

© Three 15.0 Q resistors are connected in parallel and placed across a 30.0 V battery.

© Three 15.0 Q resistors are connected in parallel and placed across a 30.0V battery.
© What is the current through the entire circuit?
© What is the current through each branch of the circuit?

© A 120.0 Q resistor, a 60.0 € resistor, and a 40.0 € resistor are connected in parallel
and placed across a 12.0 V battery.

© What is the equivalent resistance of the parallel circuit?
© What is the current through the entire circuit?
© What is the current through each branch of the circuit?

© Three resistors R, = 6.00 Q, R, = 3.00 Q, and R, = 2.00 Q, are
connected in parallel. The parallel connection is attached to a 12.00V

voltage source.

© What is the equivalent resistance?

O Find the current supplied by the source to the parallel circuit.

© Calculate the currents in each resistor
and show that these add together to equal the current output of the source.

 ososssezrs @ olacomyluc/l
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[ Series and Parallel Circuits

© The three resistors of the figure are connected to a 12 V battery.
What current is provided by the battery?

O A 9.0 V battery is connected to four resistors in parallel, as shown at
right. Find the equivalent resistance for the circuit and the total current
in the circuit.

© Calculate the equivalent resistance of these parallel connected resistors:
680 Q, 1.1 kQ, and 10.2 kQ.

© A parallel circuit has two branch currents: 1.45 A and 1.00 A.

find the current in the source?

© Mr. Abdelrahman Esam connects three 15.0 Qresistors in parallel across a 30.0 V battery.
© What is the equivalent resistance of the parallel circuit?

© What is the current through the entire circuit?

© What is the current through each branch of the circuit?

© When Mr. Abdelrahman Esam replaces one of the 15.0Q resistors with a 10.0Q resistor.
© what happen of the equivalent resistance change?

© what happen of the current through the entire circuit change?

Cosoemsezrs KM olacgwbued
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Unit R

@ The figure represents a circuit the battery develops 110 V,
© Which resistor is the hottest?

© Which resistor is the coolest?

© What will ammeter 1 read?

© What will ammeter 2 read?

© What will ammeter 3 read? @ What will ammeter 4 read?

20n L 50004 000

™)
hod

@ The figure represents ammeter 3 reads 0.40 A.
© Find the potential difference across the battery.
© What will ammeter 1 read?
© What will ammeter 2 read?
© What will ammeter 4 read? @

@ Three identical resistors connected together in parallel. If the equivalent of the three
resistors is (6.0Q2). What is the resistance of any resistor of them?

@ 6Q ® 30 © 20 @ 18Q

@® For the circuit shown in the figure, if another resistor with
equal resistance was connected with R in parallel. what happens

to the magnitude of the current flowing through the battery?

(@ Becomes twice (b) Stays the same
(©) Becomes half (d) Becomes four times

@ Resistors (R, 3R, 6R) are connected in parallel. What is the
equivalent resistance or the three resistors?

3 2 2 3
® R, and R, are resistors with equal resistances. When they are connected in series their

equivalent resistance is 16 Q.
What is the equivalent resistance when the resistors are connected in parallel?

@ 6Q ®3Q ©2Q @ 18Q

US038862173 D oocgsyied
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[ Series and Parallel Circuits

Paraliel circuit Series circuit

Definition

diagraming

Current

Electric circuit that current pass through
every component is the same and the total
voltage or potential equal to the source
voltage or potential

(Vincrease in source =V drop in resistors)

La=hL=L=1+ .

the current pass the resistors are the same
and does not distributed, they are equal to

source current

Electric circuit that has
several paths for currents to
flow , and the total currents
in these path equal to the
source current

_$ :
Ry L.

Lo =+ Ig# I+ wone The
current is distributed, ant the
source current equal to the

total currents pass resistors

Potential difference

Vo=V + o+ Vo + o

The potential is distributed in resistors,

Vo= V= V=V, = ..

The potentials in resistors

than any of individual resistance)

(voltage) and the source potential is equal to the equal to the source
total of potentials in resistors potential
v L 1 1
R WA i B S il
R ‘total A B c n‘ R. n! H'c
The equivalent resistance is equal to the 1 1 1 -1
summation on individual resistances R, =[ R =+ R + R ]
A B c
Rediace (and the equivalent resistance is greater The reciprocal equivalent

resisdtance is equal to the
summation on reciprocal
individual resistances.
(and the equivalent resistance
is less than the smallest
individual resistance)

Cosoemsezrs K olacgwybued

Mr Abdelrahman Esam 0509886279 Page 12




Unit £

-1
v__=I__.R =1 [ —+ —
SOUrCE BOUFCE eq source n
1 = "ﬁ = Via A
S R, R, +R;
v R, +R, B
= l = B = Im:ﬂ " H—
& R, 4 Re
= In (In sereis eimult] V... =V; (In parallel circuit)
Vi - L s
Ha"' ng Hl |,=5=I"“""H‘* T R,
R, +
Law of divider v, = Ry v, R, R, y + Ry
R, + R, | R
. TRAR
v, _[ R,fR‘ ]VM )
I l R, fn, l'“"
_[- . ‘ [-__ 1 i;?

Brightness in serles and parallel circuits

The bulb brightness is direct proportional to the dissipated power
(when the dissipated power is more the bulb brightness is more)

the heat of electrical resistors increases as the dissipated power

e vom Y
R

In series circults:

the bulb brightness is increased when resistance is increase as this equation P=I’ R
(current is constant) so bulb brightness is direct proportional to the resistance

In parallel circuits:

. ra e . . ; . V2
the bulb brightness is increased when resistance is decrease as this equation P:E

(potential or voltage is constant) so bulb brightness is inversely proportional to the resistanc

0509886279 e pocgeae A
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[ Series and Parallel Circuits

Kirchhoff'sRules

rdz The Loop Rule:
L The loop rule is based on the law of conservation of energy ]

- Kirchhoff’s Loop Rule states that the sum of the voltage differences around the loop must
be equal to zero.

- The sum of increases in electric potential around a loop in an electric circuit equals the sum

of decreases in electric potential around that loop.

Loop Fromatob S A b
h
I :,I
— "> p.
a4 o—— AP Ao AV = -IR - 'mf"r
>
‘h_‘i Ve
@ o——AA—ob AV =+IR i |l
VWA N B
& A, A
- |+
a o— i—ob AV = +8
! Blue loop: Vi1 -1I3R1- V2 - [1R3=0
ao—HF——b ar:=-g V2 + I3R: - I2R2=0
Kirchhoff’s Junction Rule is a direct consequence of the conservation of electric charges.
Junction oty
I md <
in~ out W, s
Junctson baw: I, =1+ 1,

© Check your understanding

© The diagram below shows a segment of a circuit.
What is the current in the 200 Q resistor?

@ 05A @15A

© 1.0A @ 20A

© According to the figure if (i, = 0.5A) and (i, =0.2A).
what is the magnitude of (i,)?

0509886279 ) olocgopiuc/d
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Unit R

the magnitude of (i,)?

© According to the figure if (i, = 6A) and (i, =2A). what is
T

Ammeters and Voltmeters:
Voltmeters Ammeter
A device used to measure the = Adeviceusedtomeasurethe voltage
Definition and uses N o
current through any part of circuit | drop through any part of circuit
Resistance in the .
big small
device
A coll connected with big A coil connected with small
Device design ' A ) )
resistance in series resistance in parallel
Connected way | Connected in parallel with circuit. | Connected in series with circuit.
Ammeter
Voltmeter
Schematic diagram ‘
+ .
0509886279 \ plocgoyluc/i |
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[ Series and Parallel Circuits

Check your understanding

© A voltmeter has a resistance and should be connected in with
an electrical component.

@ low parallel

B low series

(© high series

(@ high  parallel

© Aammeter hasa resistance and should be connected in with an
electrical component. E N

@ low parallel 0 e 2, 20
® low series

(© high series
(d high parallel
© If the ammeter reading shown in 35.60 mA.

What is the current in amperes?
@ 3.56x 107A

© 3.56x 10°A
© 356x 104 A @ 3.56x10°A
© Depending on the circuit in which an electric current is flowing. Which of the following
is correct?
BT R | | ¢
@ ammeter ammeter o Wr—]
) ammeter voltmeter
© voltmeter voltmeter |
d voltmeter ammeter =

© Which statement is true about ammeters and voltmeters?

(@ The resistance of the ammeter is very low. — —
(b) Ammeters are connected in parallel in the electric circuit. H H

(©) The resistance of a voltmeter is very low.

\@ Voltmeters are connected in series in the electric circuit.

0509886279 18
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A short circuit:

In an electric circuit, circuit breakers and fuses prevent circuit overloads that can occur
when too many appliances are turned on at the same time or when a short

circuit occurs in one appliance. A short circuit occurs when a circuit with very ﬁ-

low resistance is formed. When appliances are connected in parallel, each -
additional appliance placed in operation reduces the equivalent resistance in

the circuit and increases the current through the wires. This additional current might produce
enough thermal energy to melt the wiring’s insulation, cause a short circuit, or even begin

a fire. -
A fuse is a short piece of metal that acts as a safety device by melting and stopping - *
the current when too large a current pass through it. Engineers design fuses to |_,
melt before other elements in a circuit are damaged. -

A ground-fault interrupter (GFI) is a device that contains an electronic circuit that detects

small current differences between the two wires in the cord connected to an
appliance. An extra current path, such as one through water, could cause this
difference. The GFI stops the current when it detects such differences. This often
protects a person from electrocution.

A circuit breaker, is an automatic switch that acts as a safety device by stopping the current
if the current gets too large and exceeds a threshold value.

'_j:l Check your understanding

@ Which one of the following electric circuits, is short electric circuit?

‘ "

@ © @
@ Inwhich ofthe following cases a short circuit is most likely to occur in a household circuit
(@) When a circuit of very low resistance is formed.
(b} When a circuit of very large resistance is formed.
(€) When many appliances are connected in series.
\_@ When a small current is passing through the wires.

0509885273 & olacoojuc/d
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[ Series and Parallel Circuits

Combined Series-Parallel Gircuits
©hair dryer with a resistance of 12.0 Q and a lamp
with a resistance of 125 Q are connected in parallel to

a 125 V source through a 1.50 Q resistor in series.
Find the current through the lamp when the hair dryer is on.

© The figure represents a circuit. s ™

Calculate the equivalent resistance in the circuit.

© The figure represents a circuit.

Calculate the equivalent resistance in the circuit.

© The figure represents a circuit.

Calculate the equivalent resistance in the circuit.

© The figure represents a circuit.

Calculate the equivalent resistance in the circuit.

O The electric circuit shown in the figure contains four resistors
each of 4Q, connected to a battery

What is the equivalent resistance in the circuit?
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_mmm Parallel Circuits
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