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Lecture 4 The voltage and current divider circuits

Lecture three

Series and Parallel Circuits

3-1 Series Resistors

A series circuit is one in which several resistances are

connected one after the other. There is only one path for * . T * . T + )

the flow of current. Consider the resistances shown in the ‘ ' | [ | 0
I

Fig. 3.1. The resistance R, R and Rs3, said to be in series. J:m_

Fig. 3.1 seriescircuit

I.e. total or equivalent resistance of the series circuit is arithmetic sum of the resistances

connected in series.

For N resistances in seriess, R=R:+ R+ R3+...+ Ry (3.1)
If Ri1=R;=::--=Rn=R,then
Req= NXR (3.2)

3.1.1 Characteristics of Series Circuits
1) The same current flows through each resistance.
2) The supply voltage V is the sum of the individual voltage drops across the resistances.
V=Vi+V2+Vs+...+ Vn (3.3)

3) The equivalent resistance is equal to the sum of the individual resistances.
4) The equivalent resistance is the largest of all the individual resistances. i.e.
R>Ri;, R>R2, ... R>Ry
3.2 PARALLEL RESISTORS

The parallel circuit is one in which several resistances are connected across one another
in such a way that one terminal of each is connected to form a junction point while the remaining
ends are also joined to form another junction point. Consider a parallel circuit shown in the Fig.
2.6.

Req= Total or equivalent resistance of the circuit,
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a1 L_I_L_I_i
Req R1i Rz R3

In general if 'N' resistances are in parallel,

R~ Ry i Ry ' Rz ' Ry (3.4)
Note that Req is always smaller than the resistance of the smallest resistor in the parallel
combination. IfFR1=R2=---=Rn=R, then Req=R/N

Conductance (G):
It b known that, 1/R = G (conductance) hence,
G=G1+G2+Gs+...+Gn (3.5)
Important result:
Now If N = 2, two resistance are in parallel then,.

R Ri Ry R1+R; (3.6)
3.2.1 Characteristics of Parallel Circuits
1) The same potential difference gets across all the resistances in parallel.
2) The total current gets divided into the number of paths equal to the number of resistances

in parallel. The total current is always sum of the individual currents.
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3) The reciprocal of the equivalent resistance of a parallel circuit is equal to the sum of the

reciprocal of the individual resistances.

4) The equivalent resistance is the smallest of all the resistances R < Ri, R<R2, R<Rn.

5) The equivalent conductance is the arithmetic addition of the individual conductance’s.

In general, it is often convenient and possible to combine resistors in series and parallel

and reduce a resistive network to a single equivalent resistance Reg.

Example 3.1: Find Req for the circuit shown in Fig. 1.
Solution:
To get Req, We combine resistors in series and in parallel. The 6-Q

and 3-Q resistors are in parallel, so their equivalent resistance is

6Q(3Q=6x3/(6+3)=20Q

(The symbol || is used to indicate a parallel combination.) Also, the 1-Q and

5-Q resistors are in series; hence their equivalent resistance is
10+50=60Q
Thus the circuit in Fig. 1 is reduced to that in Fig. 2(a). In Fig. 2(a),
we notice that the two 2-Q resistors are in series, so the equivalent
resistance is
20+20=4Q
This 4-Q resistor is now in parallel with the 6-Q resistor in Fig. 2 (a);

their equivalent resistance is

4Q1]6Q=4%x6/4+6)=2.40Q
The circuit in Fig. 2 (a) is now replaced with that in Fig. 2 (b).
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In Fig. 2 (b), the three resistors are in series. Hence, the equivalent resistance for the circuit is

Req=4Q+240Q+80=1440Q
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3300 330Q 3300
Example 3.2 — AAA—— AN ——AAA,

. . . . . Rl R3 R5
Find the equivalent resistance looking into the Reg— R, R, Ry
indicated port of the “ladder network™ shown o 680 Q2 ! 6800 . 680 Q2
Solution:

1. Starting at the “far end”, we see that Rs and Rg are in : 330 Q 330 O
series. —VVv VW1
Rl R3
R R R §
Rss = Rs + Rg = 1010 Q. € 680 0 68003 10100
e, *
2. Ry is in parallel with Rse.
330 Q 330 Q
o—"\\N—r—"VNV
Ruse = (1/R4 + 1/Rsxg )71: 407 Q. R, R,
4 R, Rys6
3. Rz and Rgsg are in series. 680 €2 407 Q
O L
R3456 = R3 + Ru56 = 1010 QO . 3300
o—AANA—9
4. R2 is in parallel with Rasse R,
4 R2 R345:’1
. 680 Q) 737 Q
R23as6 = —— = 354Q o o
Rz R3456 330 Q
o—ANV
5. Finally, Req is the series combination of R; and Razass. R,
R23456 §
Req =330 Q+354 Q=684 Q. 354 O
o
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Example 3.3 Find the equivalent resistance looking into the indicated port of the circuit shown

below
Solution:

At first glance, this looks very difficult, but it’s not R,—
so bad. We can pick it apart piece by piece. Start by
noting that R; is in parallel with Rs.

1
R78 = — =33.1Q
R7TRs

Similarly, Rs is in parallel with Rg and Ry is in parallel with Ry.

1 1
Rsg = 51 = 32.0Q2 Roio = 57— = 34Q
R5 ' Ré6 R9 ' R10
Req —»
Next, we note that there are several series combinations
Ri inserieswith Ry, Ry;=R1+ R,=101Q R;3in series with Ry:
Rp=R3+ Rs=100Q2

Rse, R7g, and Royp all in series:

Rc = Rse + R7g + Ro10=99Q.

RS
47 Q)
RG
100 &2
R? RS
220 Q 390
R9
AVAYAY,
68 Q)
Rl[]
68 QO
R..
o ’ AN
32 Q
Rl R3
33Q 18 Q2
3
R, R, 330
68 Q 82 Q) R
o A
34 Q

Finally, we see that the equivalent resistance is just the parallel combination of R, Ry, and R..

Req = 1/R;+ 1/Ry + 1/R. = 33.3Q ©

Req —» R,
101 Q

O

Ri)
100 Q2

R

C

929 Q
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