Current Electricity
Lesson 2: Equivalent Resistance

1. Equivalent Resistance in a circuit with Resistors connected in Series
2. Equivalent Resistance in a circuit with Resistors connected in Parallel

3. Equivalent Resistance in a circuit with Resistors connected both in Series and Parallel

YOUR TASKS: 6 Problems to be solved
Task 1: Follow Slides 2 to 4 and Solve Problem on Slide 5
Task 2: Follow Slides 6 and 7 and Solve Problem on Slide 8
Task 3: Follow Slides 9 and 11 and Solve Problem on Slide 12
Task 4: Follow Slide 13 and Solve Problem on Slide 14

Task 5: Follow Slide 15 and give solution for the Problem given on Slide 16 on
Slide 17

Task 6: Follow Slide 18 and give solution for the Problem given on Slide 19 on
Slide 20



Equivalent Resistance in a Circuit

When several resistors are connected in a circuit, the net
or the total resistance of all the resistors in that circuit is
called the Equivalent Resistance.

In Circuit, if you see a component, with the following Ohm, is the unit of resistance; ohm has the following
design, then it is a resistor symbol

—VVN— 0

In Circuit, a battery or a power source is represented +| I—
by the design on the right. |

The top is for a single battery; the bottom is for two > + _
batteries. } ....... I_




Resistors Connected in Series in a Circuit:
GUIDED PRACTICE 1

Series means one after the other in the same row. An example of a circuit with
three resistors connected in a series is shown below:
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The Equivalent Resistance of a circuit with multiple resistors in series is the sum of
resistance values of the connected resistors.

For the above circuit, the Equivalent Resistance is given by:

Rseries = R1 + R2 + R3 The equivalent resistance of this
Let us assign values for R; R, Rs circuitis:

Ri =5 0hm Rseries = R1 + R2 + R3

R, =8 ohm Reeries =5+ 8 +12 =25 ohm

R; = 12 ohm




Resistors Connected in Series in a Circuit: Guided Practice 1

A circuit has four resistors connected in a series with resistances of 0.5 ohm, 300 mohm

(milliohm), 60,000 pohm (microohm), and 75cohm (centiohm); find the equivalent
resistance of the circuit.

Solution

Process: Convert all resistance values into ohms (use metric ladder) and then add them
up

Rseries = R1 + R + R3 + Ry

R; = 0.50hm

R, = 300/1000 = 0.3 ohm

Rs = 60,000/1000000 = 0.06 ohm

Ry = 75/100=0.75 ohm

Rseries = R1 + R + R3 + Ry
=0.5+0.3+0.06+0.75=1.61 ohm




Resistors Connected in Series in a Circuit: Independent Practice 1

A circuit has four resistors connected in a series with resistances of 0.35 ohm, 0.3
centiohm (centiohm), 48,200 pohm (microohm), and 75 daohm (decaohm); find
the equivalent resistance of the circuit.

Solution




TWOQO Resistors Connected in Parallel in a Circuit

GUIDED PRACTICE — INVERSING THE SUM OF RATIOS METHOD

Parallel means side by side as separate rows. An example of a circuit with two resistors connected in parallel is
given is shown below: Q is the symbol for ohm.
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The Equivalent Resistance of a circuit with two resistors in parallel is given by

L] L] L] L] L] L] 1 1 1
For the above circuit, the Equivalent Resistance is given by: = —+

The equivalent resistance of this circuit is:
Let us assign values for R; and R; 1/Reqparatiel = 1/R1 + 1/R;

R; =5 o0hm 1/REqaraIIeI =1/5+1/8

R, = 8 ohm B | 1/Reqparotie =0.2 +0.125 = 0.325 ohm
REanraIIeI IS the inverse Of 1/REanraIIeI
Therefore, Regparaliel = 1/0.325 = 3.07 ohm




TWO Resistors Connected in Parallel in a Circuit
GUIDED PRACTICE: PRODUCT BY SUM METHOD

| | | Let us solve the same Problem in Slide 6 by the Product
—_—= — 4 — Over Sum Method
R R, R,
Putting the right-hand side over the same common denominator, ~ Reaparate _=4é}"1’; 8)/(5+8)
| R, +R, =3.07
R RR,
[nverting both sides,
o Rk
R, + R,
Hence, for two resistors in parallel,
. . product of resistances
combined resistance = :
sum of resistances

It is useful to learn this formula by heart.



TWO Resistors Connected in Parallel in a Circuit
INDEPENDENT PRACTICE: PRODUCT BY SUM METHOD

Two resistors of resistance values of 15 ohm and 25 ohm are connected in parallel
in a circuit — find the equivalent resistance of the circuit — you can solve by any one
of the two methods shown in slides 6 and 7



TWO Resistors Connected in Parallel in a Circuit
GUIDED PRACTICE: PRODUCT BY SUM METHOD

Parallel means side by side as separate rows. An example ot a circuit with three
resistors connected in parallel is given is shown below:
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The Equivalent Resistance of a circuit with multip
For the above circuit, the Equivalent Resistance is given

e resistors in parallel is given by
1 1 1 1

= —+—+
Reg R1 Rz R3

Let us assign values for R; R»
R; =5 0hm

R, =8 ohm

R3 = 12 ohm

The equivalent resistance of this circuit is:
1/Rparallel = 1/R1 + 1/R2 + 1/R3

1/Rparallel = 1/5+1/8 + 1/12

1/Rparaner= 0.2 + 0.125 + 0.083 = 0.408 ohm

Rpara”el iS the inverse Of 1/RPara||e|
Therefore, Rparallel = 1/0.408 = 2.451 ohm = 2.5 ohm







THREE Resistors Connected in Parallel in a Circuit
GUIDED PRACTICE: PRODUCT BY SUM METHQOD

In the Product by Sum Method for THREE Resistors,

1 1 1 1

= —+—+
R1 Rz R3

Can be simplifiedReq

Req = (R1 * Rz * R3)/ (R2 * R3) + (R1 * R3) +(R1 * Ry)

Let us now work with the values of resistance given in slide 9 for R1 R2 Rs

R:1 =5 o0ohm

R, =8 ohm ) Req = (R1 * Rz * R3) /(R2 * R3) + (R1 * Rs) + (R * Ry)
= (5x8x12) / (8x12) + (5 x12) + (5x8)

R; = 12 ohm = 480 (96 + 60 + 40)

= 480/196

= 2.449 = 2.5 ohm




THREE Resistors Connected in Parallel in a Circuit
INDEPENDENT PRACTICE: PRODUCT BY SUM METHOD

Three resistors of resistance values of 8.5 ohm, 12.3 ohm and 2.5 ohm are
connected in parallel in a circuit — find the equivalent resistance of the circuit — you
can solve by any one of the two methods shown in slides 9 or 11



Resistors Connected in Series and Parallel in a Circuit
Guided Practice - 1

An example of a circuit with resistors connected in series and parallel is shown

below: . In this circuit, R; and R, are in parallel and Rsis in series with the combo

set of R; and R;
So, find the equivalent resistance of R; and R, and then add it to R;

Let us assign values for R1 Ry R3

R; =5o0hm Step 1: Equivalent resistance of R; and R, by Product Over Sum Method:
= (5x8)/(5+8) =40/13 = 3.08 ohm

R, =8 ohm (5x8)/(5+8) = 40/
Step 2: Add Answer from Step 1 to R;

Rz = 12 ohm =3.08 + 12 = 15.08 ohm

Solution: The Equivalent Resistance of the Given Circuit = 15.08 ohm




Resistors Connected in Series and Parallel in a Circuit
Independent Practice - 1

Let us assign values for R1 Ry R3
R; =15 ohm

R, =3 ohm

Rz = 1 ohm

Step 1: Equivalent resistance of R; and R, by Product Over Sum Method:
- ohm

Step 2: Add Answer from Step 1 to R;

— ohm

Solution: The Equivalent Resistance of the Given Circuit = ohm




Resistors Connected in Series and Parallel in a Circuit
Guided Practice -2

Determine the Equivalent Resistance of the following circuit; Show complete work.
Note: Q is the symbol for ohm.

Two sets of Parallelly connected resistors are connected in series: Find the
Equivalent Resistance of the set R; and R, and then find the Equivalent Resistance
of the set R3 , R4 and Rs - Finally add both the Equivalent Resistances.

Rz = b0

Is A & A
S AYAY R
". -.'- Y _'l- L _llu

* — VAL e
oo W
Re= 3002
.I 5 |'-'. |'II
L ! i ! |'. i -
Wy

— L

Step 1: Equivalent Resistance of the set R; and R, by Product by
Sum Method
= (2.4x1.7)/(2.4 +1.7) = 4.08/4.1 = 0.995 ohm

Step 2: Equivalent Resistance of the set R3, R; and Rs by Product
by Sum Method

= (60x20x30)/[(20x30)+(60x30)+(60x20) = 36,000/3,600 = 10 ohm

Step 3: Sum of Answers of Step 1 and Step 2
= 0.995 + 10 = 10.995 ohm




Resistors Connected in Series and Parallel in a Circuit
Independent Practice -2

Determine the Equivalent Resistance of the following circuit; Show complete work

HE = 28.6 Ohm
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Your complete work for Problem on Slide 11

Step 1: Equivalent Resistance of the set R; and R, by Product by Sum Method
= ohm

Step 2: Equivalent Resistance of the set R3;, R4 and Rs by Product by Sum Method

ohm

Step 3: Sum of Answers of Step 1 and Step 2
= + = ohm




Resistors Connected in Series and Parallel in a Circuit
Guided Practice -3

Determine the Equivalent Resistance of the following circuit; Show complete work. Clue: Two sets of Parallelly
connected resistors are connected in series with three resistors already connected in series:

First find the resistance of set R; and Rs; next, find the resistance of R¢ and Ry . Then, find the Equivalent
Resistance of the parallel connection between the set R; and Rs and the set Rs and R; - Finally add the
Equivalent Resistance to the sum of R; + R; + R

Step 1: Resistance of the series set R; and Rs
= (0.5+0.5)=1 ohm
. 72050 B c Step 2: Resistance of the series set Rs and Ry
Ay = (3+1)=4 ohm
+ R,=050 R;=10 | Step 3: Equivalent Resistance of the two sets from Step 1, and Step 1 by
E= V= Product by Sum Method
= (1x4)/(1+4) =4/5 = 0.8 ohm
050 (1x4)/(1+4)
R.=050 R.-1n | Step 4: Total Series Resistance of the Circuit: Add answer from Step 3 to R; +
T R, +R3
Ay
F o g=n E D =0.8+0.5+0.5+1=2.80hm




Resistors Connected in Series and Parallel in a Circuit
Independent Practice -3 — SHOW WORK ON NEXT SLIDE

Follow Slide 20, and determine the Equivalent Resistance of the following circuit;
Show complete work on next slide.




Resistors Connected in Series and Parallel in a Circuit
Guided Practice -3

Follow Slide 19 and show your complete work for the solution for the Problem on Slide 20

Step 1: Resistance of the series set R; and Rs
= ohm

Step 2: Resistance of the series set Rs and Ry
= ohm

Step 3: Equivalent Resistance of the two sets from Step 1, and Step 1 by
Product by Sum Method

= ohm

Step 4: : Total Series Resistance of the Circuit: Add answer from Step 3 to R; +
R, +R3

= 2.8 ohm




