Voltage/current dividers

Voltage and current dividers are easy to understand and use. They are so
easy that it may seem not worth the bother of learning them as a
separate techniques. But the divider methods, when combined with the
equivalent resistances, may be the most used technique in electronics.
Knowing how to use dividers will allow us to quickly recognize what is
happening in a circuit and determine important voltages and currents.

An engineer could certainly analyze and design circuits without having
voltage and dividers in their “tool bag”, but they would be wasting lots
of time writing unnecessary KVL and KCL equations.

G. Tuttle — 2022 voltage/current dividers — 1



Voltage divider

Consider a portion of circuit that
has several resistors in series, like VS<+
the circuit at right. Suppose we

want to find the voltage across Ro.

Q

We could start by finding the current, which would be equal to the

source voltage divided by the equivalent resistance of the string.
R

lS e G R

R,,

For the series string, R.; = Ri1 + R2 + Rs.

Then the voltage across R; is just
R, R,

VS — 2
R R, + R, + R,

The total voltage is divided among the resistor in the string. The fraction
of the voltage across R; is given by a simple resistor ratio.

Vry = Ry - 1g = Vs
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The other resistor voltages are calculated just as easily.

= + Ve — R,

i o panane a6 v

: PR R AR

+
(D)
ST R3 .
Voo = :
L R iR R
— VR3 +

The three divided voltages sum up to Vs, as KVL insists. If we insert
some numbers: Vs =15V, Ri =4.7kQ, R, =15k, and R3 = 10 kQ.

4.7kO
Ve = (V=237 V
47kQ + 15KQ + 10kQ
f28.5 (15V) =7.58V It's that
o — :
R2 = 47KQ + 15KQ + 10kO e
10kQ

Vps = (15V) =5.05V
47KQ + 15kQ + 10k
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Current divider

Same idea, but with parallel i
resistors dividing a current. I <‘> Crameri 1 R, 1 R, 1
Suppose we want to know the 2 ibs i o

current through Ro».

We could start by finding the voltage, which would be equal to the source
current multiplied by the equivalent resistance of the parallel resistors.

VS=IS.R€C]

For the parallel combination, R, =

Then the current through R; is

1
VS_Req.I_ R2 ‘I
Rz_Rz S_L_|_L+L >
Rl RZ R3

IRy =

As in the case of the voltage divider, the fraction of the current through
one resistor is determined by a simple ratio based on resistor values. But

in the current case, resistor inverses are used.
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The other resistor currents are calculated just as easily.

: R, 7
ot = :
+ RI-T T 1 fEnnen
(1] R R R & TR TR
S Yo i3y l 2 l 3 l 1
T LR R2 'R3 iy = 3 I
EEEE

The three divided currents sum up to Is, as KCL insists. If we insert some
numbers: Is= 15 mA, R1 =22 kQ, R, =33k, and R3 = 6.8 kQ.

1

gy =—————==—— (15mA) = 7.54mA
2.2kQ s 3.3kQ iz 6.8 kQ2
1
gy =———=2——— (15mA) = 5.02mA
2.2kQ i 3.3k s 6.8 kQ2
1
gy =—————-——— (15mA) =2.44mA
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In many instances, the combination of dividers with equivalent
resistances provides for fast calculation of voltages and currents.

—’\I/Q\l/\/—
Example 1 1 KO
——¢ ¢
In the circuit at right, find vg4. R, l
Since R3 and R4 are in parallel, they 470 O

—VVV -
have the same voltage and we can VS<+> R3§ R4§ Vot
- 5606} = 820.C)

use the parallel equivalent. We can 17 v o
also find the parallel equivalent of

R and R».
R
Ry=—""=3330
- R
R,=——%==3200
Then use a voltage divider on the %
simplified circuit.
EEE i
VR4 R : VS —_ 4065 V
Ry + R34 + Rs 330 O
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Example 2 ’ l

In the circuit at right, find iro.

: ! ] R R R
Since Ry and R; are in series, - 39 Ql 29 Q4 56 QS
they have the same current, IS<> R3§
and we can use the series 5o A 100 Q
equivalent. We can also find . L lle

b | 120 R,
the equivalent resistance of the 120 O
branch with R4, Rs, and Re. ¢
R TS g s
— —_— A
i R4 + Rs : I <> K, l K, K56
29 A 51 Q) B 1000 5 153
Then use a current divider on the
simplified circuit.
1
iR2= | IilZ | .IS: 119A

Ry, Rj Rys6
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Example 3 2.2 k()

R

Find VR2 and OR4 + :
: o e V R
In the circuit. SN EE g
12V 3.3 kQ)

We solve this using the voltage divider calculation twice in succession.
First we find vg2 using a voltage divider formed by R; and the equivalent

resistance of R> in parallel with the series combination of Rz and Rg.

234

Then the voltage
vr2 is divided

Ry3q = RzH (R + Ry)

= (3.3kQ) H (6.6kQ) between Rz and Ru.
R
= 22k =z +4R4 e
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Example 4

Find ir3 in the circuit.

Similar to example 3, we can
cascade dividers to find the

current in two steps.

0.8 A

R,2|i
, B lic

RS liny R
220 220

Is splits between R; and the branch with Ry, Rz, and R4. To find the
current through R>, we use the equivalent resistance of that branch, which

forms a current divider wit

N Ri. Then igy is divided between Rz and Ras.

R

234§ 1iR2
33 Q)

0
R,
22 Q) 8
Ry — 45 4
33 Q)
R R 0.8 A
3 4
22¢C0 <99 ()
o
e
: Ry34
Ryzq = Ry + R3||R4 ¢ Vi SsagT TeaRRan
s tuaETEn:
=35 k0
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Example 5

Find the voltage v.indicated Rl% R3§ 1kQ
in the circuit at right. 220
<+> + Vx =
VS s —O o—e
s 110V
By KVL, Vx = VR2 — VR4. R2 R4 100 O
We see that R; and R; form a 3.3 kQ
voltage divider splitting Vs. The
same for R3 and Ra.
Using voltage dividers.
Comshe i
V s . ==
- Rl - R2 > Rl R3
R,
Vi = . Ve=10V + MEnkere
R4 R, + R, S VS<_> o—+o +o—0
Then
R, Ve Vi< Ry
)y=66V—-10V=56V. mpamaaet
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Example 6

Find the voltage vy indicated
in the circuit at right.

As with the previous example, KVL
tells us that v = vg2 — V4.

We see that the series combination
R1 + R> forms a current divider with
the series combination R3 + Ry,

splitting Is between the two branches.

Using current dividers.
1

. R+ R,
1

i Ry + R,
_I_

Then
Vi = IR1R? — ip3R4 =28 V.
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R, R, 2100 Q)
3.3 kQ
Rléllm §
+ v, -
¢—oO o—e
+

?e
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Example 7

In the circuit at right, the switch can
be opened or closed to control the
voltage across R3. When the switch
is closed (R shorted out), vgs is
twice as big as the case when the
switch is open (R; not shorted.) How
is R related to R> + R3?

There are several approaches to answering this question, but using
voltage dividers is a convenient method. With the switched closed, R; is
shorted out and

R, VR3 = 2Vp;3
"B S5
® S = . S
With the switch open, R; R; + R; Ry + Ry + Rs
is part of the divider:

R, +R,+R; =2 (R, + R;)
R3

o :
BRI R
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Example 8

In the circuit at right, the two I I
switches can be opened or S, S,
closed to control the current 7 <A>
through R3. Calculate the : P R
current through R;3 for all 100 mA ! 2
Sy . 1.5 kED 3 kQ
combinations of the switches
being open closed.
S1 open and S> open: ig3 = Is = 100 mA
1
S1 open and $> closed: ip3 = — = — Iy =50mA
Bt
L
S1 closed and Sz open: ip; = e T lg=333mA
R R
als
S1 closed and $> closed: ip; = i I, =25mA
R T
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