7 Voltage and Current Dividers

Suurce tor - V 0 I a e
IJOtEﬂtIDmE[Er e t

gt ratm negahw 055[ Ve . resistances change battery  USE il pomt
drops it
parallel CI rC U I C u r re n tﬁ.{m mfesrses'smrs
wo

reference  equations method  netwark must may ms'ég:l?lﬂﬁjaj
I Erminals

reS|Staérr0]SEe dl!lder individual {0 tQ W|per Bops

given

circy constart Fl ure slids su | hranch‘i.;w
s £ [@ESIStOTm m% Iﬂadsmenes pply

[ (ﬂ:} _] This work is licensed under the Creative Commons Attribution 3.0 Unported License. To view a copy of this license,

visit http://creativecommons.org/licenses/by/3.0/. Air Washington is an equal opportunity employer/program. Auxiliary aids and services are

available upon request to individuals with disabilities. This workforce solution was funded (100%) by a grant awarded by the U.S. Department
of Labor’s Employment and Training Administration. The solution was created by the grantee and does not necessarily reflect the official
position of the U.S. Department of Labor. The Department of Labor makes no guarantees, warranties, or assurances of any kind, express or
implied, with respect to such information, including any information on linked sites and including, but not limited to, accuracy of the
information or its completeness, timeliness, usefulness, adequacy, continued availability, or ownership. This solution is copyrighted by the
institution that created it. Internal use, by an organization and/or personal use by an individual for non-commercial purposes is permissible. All

other uses require the prior authorization of the copyright owner. Revised: Thursday, April 17, 2014



http://creativecommons.org/licenses/by/3.0/

Air Washington Electronics — Direct Current

Contents
7 Voltage and CUITENT DIVIAEIS......uiiiiiiiiee ettt e st e e s sta e e e s sbae e e e s sabaeeessaraeeesnnns 1
VoL =Y < {c I DAV o [T O P UPUPUPPRROPPURRN 4
Y LT = T =T o VT ol YRR 8
KNOWIEAZE CHECK ...ttt e e e e st e e e e e e s e e e nbbrreeeeeeeeas 8
Multiple-Load VOItage DIVIAEIS ...ccccuuiiiiiiiiiie ettt ettt e e s e s s aaae e s s sabae e e s sanaeee s 9
KNOWIEAEE CHECK ...evveieieiiiee ettt e e e e s st e e e s s abe e e e esabaaeesssbaeeesnnns 13
Power in the VOItage DiVIEr .......ciiviiiii ittt e s s sabae e e s naaes 14
Voltage Divider with Positive & Negative Voltage Requirements........ccccoecuvevviviiieeiiniieeecnineeenn, 16
KNOWIEAZE CHECK .. e e e et e e e e e e e esnbbraeeeeeeeeas 19
Practical Application Of VOItage DIVIEIS.......eeeiiiiiiiiciiiieiie ettt e e e eebrraeeeeee e 20
KNOWIEAZE CHECK ...uvvieeieiieeee ettt e e e e s st e e s s abe e e e esabaaeessabaeeeennns 24
VOIEABE DiIVIAEI CIFCUILS..uviiiiiiiieteiiiiieeeertee et ee st e e s rrre e e s s e e e e s sbee e e s s sabeeeessbbaeessnnseeeessnssaeeenn 24
MEIA RESOUICES ...uuviiiieeeeee ettt ettt e e e e e e et re e e e e e e e e s e abbaaeeeeaeeeesanssssaaeeeeaeseennnsrenens 29
KNOWIEAZE CRECK.....uiiiiiiiiieeeee ettt s s e e e s s bta e e s s sabae e e s sabaeees 29
Potentiometer as VOItage DIiVIAEN ......ccoccuvvieiieiieieeicieeeeee ettt e e e e e esbbrreeeeeeeees 29
LOTU [ =T oY o LAV To [T ool ol U T SR 34
IMIEAIA RESOUICES ....utiiiieeeee e ettt e e e ettt e e e e e e ettt e e e e e e s e e s e assberaeaeaeeseaanssaaeeaeasseesansssaeneeaaenns 39
(Y o] 1= Ll D TV Lo L= G G T ol U 1| APPSR 40
Components & Equipment Needed .........cccoovviiiiiiiiii e, 40
G CUIE DIaBram .. e e e e e e e e e e e e e e e 40
o ool o 1T SRR 40
Table for Voltage Divider Circuit Lab.......cccueeiiiiiiiiiee e 41
Observations & CONCIUSIONS. .....cccuiiieeeiiiiee e et e et e e e e e e e e e e e saar e e e e ssteeeseennaeeeeannneeessnnenes 41
2: Designing a Loaded VOItage DiVIdEr .....cc..uiiiiiiiiiiiiiiiee ettt e e e e s sirae e e 42
Components & EQUIPMENT NEEAEA ........coviviiiiiiiiiiie ettt ree e e e 42
[ o Tol T [V T PR 42

Page 2 of 53



Air Washington Electronics — Direct Current

Table for Designing a Loaded Voltage Divider Circuit Lab ........ccccuveviviiieeiiniiieeierieeeesiieee e 43
Observations & CONCIUSIONS. .....cccuuiieeeciieee e eitee et e e e st e e s et e e s e saar e e e esntaeeeesnnaeeeeesnneeesannenes 43
R O a1 A Tor= | I I o 1101 (T = SO PP UTTRRRRRPPP 44
ANSWErS 10 KNOWIEAZE ChECKS .....coiiiiiiiiiiiiiii ettt e eeetbre e e e e e e e sesebbareeeeeeeeesennnes 45
VoYL =Y = {c I D LAV o [T PP PPPR 45
MUItiple-Load VOItage DiVIAEIS....uiiiiiieiciriieeiee e ettt e e eererrere e e e e e e seabbaeeeeeeeesesensbssereeeeeeas 46
Voltage Divider with Positive & Negative Voltage Requirements........cccccvveeeiviieeeinnieeeesnnnen, 47
Practical Application of VOItage DIVIdEIS ....ueeeeiiviiiiciiieeeeie ettt esebrrreee e e 48
Fi¥e [o [1a (ol =1 I 2{=TY o 10 [ ol <L UUPRRRY 49
PRYSICS RESOUICES. . .utiiiiiiiiiieeeitiee ettt e sttt e e sttt e e st e e e st e e e sabbaeesssabaeeesssbaeeeenssaaeesanssaeeeannns 49
VIOEO RESOUICES ..ceeeiiiiieecctiite et e e ettt e e e e e e e sttt e e e e e e e s se et aereeeeeesesansssnaaeeeeeessasssnaeneeesessananes 49
S {T T o Tl TSRS 50
A o o ] o T A o PSSR 51
LIE] o] (o Ll E {0 =TSRSS 52
LI L o1 (SR o ) - ] L= RSP 53

Page 3 of 53



Air Washington Electronics — Direct Current

Voltage Dividers

Most electrical and electronics equipment use voltages of various levels throughout their
circuitry. One circuit may require a 90-volt supply, another a 150-volt supply, and still another a
180-volt supply. These voltage requirements could be supplied by three individual power
sources. This method is expensive and requires a considerable amount of room. The most
common method of supplying these voltages is to use a single voltage source and a voltage

divider. Before voltage dividers are explained, a review of voltage references may be of help.

Recall that some circuits are designed to supply both positive and negative voltages. You may
wonder if a negative voltage has any less potential than a positive voltage. The answer is that
100 volts is 100 volts. Whether it is negative or positive does not affect the feeling you get when

you are shocked.

Voltage polarities are considered as being positive or negative in respect to a reference point,

usually ground. Figure 1 will help to illustrate this point.

E + 100V E + 75V
Ry
H0
D + 75y D + 50V
R3
a0
C +50¥ —Eg
—— Eg + — 1d0v C+ 25y
— 100v Ry
050
B + 23V B OV
Ry
hHo
ADY A28
(A = E)

Figure 1: Voltage polarities.
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Figure 1(A) shows a series circuit with a voltage source of 100 volts and four 50-ohm resistors
connected in series. The ground, or reference point, is connected to one end of resistor R;. The
current in this circuit determined by Ohm’s law is 0.5 amp. Each resistor develops (drops) 25
volts. The five tap-off points indicated in the schematic are points at which the voltage can be
measured. As indicated on the schematic, the voltage measured at each of the points from point
A to point E starts at zero volts and becomes more positive in 25 volt steps to a value of positive

100 volts.

In Figure 1(B), the ground, or reference point has been moved to point B. The current in the
circuit is still 0.5 amp and each resistor still develops 25 volts. The total voltage developed in the

circuit remains at 100 volts, but because the reference point has been changed, the voltage at

point A is negative 25 volts. Point E, which was at positive 100 volts in Figure 1(A), now has a
voltage of positive 75 volts. As you can see the voltage at any point in the circuit is dependent on
three factors: current through the resistor, ohmic value of the resistor, and reference pointin

the circuit.

A typical voltage divider consists of two or more resistors connected in series across a source
voltage (E,). The source voltage must be as high or higher than any voltage developed by the
voltage divider. As the source voltage is dropped in successive steps through the series resistors,
any desired portion of the source voltage may be "tapped off" to supply individual voltage
requirements. The values of the series resistors used in the voltage divider are determined by

the voltage and current requirements of the loads.

Figure 2 is used to illustrate the development of a simple voltage divider. The requirement for
this voltage divider is to provide a voltage of 25 volts and a current of 910 milliamps to the load
from a source voltage of 100 volts. Figure 2(A) provides a circuit in which 25 volts is available at
point B. If the load was connected between point B and ground, you might think that the load
would be supplied with 25 volts. This is not true since the load connected between point B and
ground forms a parallel network of the load and resistor R;. (Remember that the value of
resistance of a parallel network is always less than the value of the smallest resistor in the

network.)
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Cc +100Vv
R2
p— 750
—— Es
— 100V B + 25V
Ry
250
A ov
(A) =
— Es + 25V
— 100V
2750
ov

Since the resistance of the network would now be less than 25 ohms, the voltage at point B

would be less than 25 volts. This would not satisfy the requirement of the load.

To determine the size of resistor used in the voltage divider, a rule-of-thumb is used. The current
in the divider resistor should equal approximately 10% of the load current. This current, which

does not flow through any of the load devices, is called bleeder current.

Given this information, the voltage divider can be designed using the following steps:

Determine the load requirement and the available voltage source.

E: = 100%
Ejag = 25V
[oad = ¥10ma
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Select bleeder current by applying the 10% rule-of-thumb.

Ip1 = 10% x g
IRI =.1=910ma
IRI =0lm&

Calculate bleeder resistance.

R1=@
I
_ 25V
L oima,
El=274738

The value of R; may be rounded off to 275 ohms:

Ry = 27502

Calculate the total current (load plus bleeder).

IT = Digag + Ip1
[1=010m& + FlmaA
It=14 (rounded off)

Calculate the resistance of the other divider resistor(s).

Epz =E; ~Eg;
Egpa =100% - 25V
ER2 =?5V
R, _Ex;

I
R, <5V

1
R, = 7582

The voltage divider circuit can now be drawn as shown in Figure 2(B).
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Media Resources

Internet Archive - FEDFLIX
e Loaded Voltage Dividers (January 1, 1974)
O https://archive.org/details/gov.dod.dimoc.39981
Wisc-Online.com

e \oltage Dividers

Knowledge Check

1. What information must be known to determine the component values for a voltage
divider?

2. If avoltage divider is required for a load that will use 450 mA of current, what should be
the value of bleeder current?

3. Ifthe load in question 50 requires a voltage of +90 V, what should be the value of the
bleeder resistor?

4. If the source voltage for the voltage divider in question 50 supplies 150 volts, what is the
total current through the voltage divider?

5. Avoltage divider is required to supply a single load with +150 V and 300 mA. The source
voltage is 250 V. Based on this information, answer the following questions. (Hint:
Draw the circuit).

A. What should be the value of the bleeder current?

a) 3A

b) 300 mA
c) 30 mA
d) 3 mA

B. What should be the ohmic value of the bleeder resistor?

a) 50
b) 500
c) 5k
d) 50 k
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C. What s the value of total current?

a) 303 mA
b) 330 mA
c) 600 mA
d) 3300 mA

Multiple-Load Voltage Dividers

A multiple-load voltage divider is shown in Figure 3. An important point that was not
emphasized before is that when using the 10% rule-of-thumb to calculate the bleeder current,

you must take 10% of the total load current.

Ry
]
R +175Y
3 30ma
E LOAD 3
5
285 |
o R +150Y
2 10maA
LOAD 2
+90V
Ry 10mA
| LOAD1
-0 *

Figure 3: Multiple-load voltage divider.

Given the information shown in Figure 3, you can calculate the values for the resistors needed in
the voltage-divider circuits. The same steps will be followed as in the previous voltage divider

problem.
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Given:

Load 1: E =50V
[=10m&

Load 22 E=150%
[= 10m&

Load 3: E= 175V
[= 30ma

Eq= 285%
The bleeder current should be 10% of the total load current.

Ipy = 10% = I{load total)
Ip = 10% x (10mA + 10mA + 20mA)
IRI = Smd

Since the voltage across Ry (Egr1) is equal to the voltage requirement for load 1, Ohm'’s

law can be used to calculate the value for R;.

RI:@
Ipy

_ 90V

L 5ma

R, =18k

The current through R, (lz,) is equal to the current through R; plus the current through

load 1.

Ipz = Ig1 + Dgadt
Ips = 5mA + 10mA
IRg = 15ma
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The voltage across R, (Eg,) is equal to the difference between the voltage requirements

of load 1 and load 2.

Epz =Eadz ~ Engadt
Eg, = 150 - 90V

ER2 = 501'-.-?

Ohm’s law can now be used to solve for the value of R,.

RE =E£
Ig:
B0V

¢ 15mA
R, = dk&:

The current through R; (Irs) is equal to the current through R; plus the current through

load 2.

Ipa = Ipz + Doadz
Ipg = 15ma + 10ma,
IRg = 25ma

The voltage across R; (Ers) equals the difference between the voltage requirement of

load 3 and load 2.

Eg3 = Ejpadz - Elpadz
Epy= 175V - 150%

Epg= 25V

Ohm’s law can now be used to solve for the value of Rs.

E
R, = B3

Ipz
R, - 25V

25
R3 =ﬂ§§2
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The current through R, (Igs) is equal to the current through R; plus the current through

load 3. Iz, is equal to total circuit current (l+).

Iga = Ipa + Dpada
Ipg = 25mA + 30mé
IRq = 55ma

The voltage across R, (Ers) equals the difference between the source voltage and the

voltage requirement of load 3.

Epa=Es - Epaia
Epgq= 285V - 175%
Epg= 110%

Ohm’s law can now be used to solve for the value of Rs.

R4 =Eﬂ
g4
110V
4 55ma
Ry = 2k&2

With the calculations just explained, the values of the resistors used in the voltage

divider are as follows:

Ry = 18kE
R, = 4k(2
Rs = 1k(2
Ry = 2k(2
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Knowledge Check

In the circuit above, why must the value of R1 be calculated first?

The current through R2 depends on the

The voltage drop across Rl1depends on the value of load 1
In any circuit, values for resistors labeled R1 are calculated first

Es
163V
R2§2ku
Y —
LOAD 1][LOAD 2
1007 || 130V
R1§20ksz 10 mA || 40 mA
(o
1.
a. For convenience
b.
c. value of R1
d.
e.
2.

3.

In the circuit above, how is the current through R2 calculated?

By adding IR1 and the current requirement of load 1
By adding the current requirements of load 1 and load 2
By subtracting the current requirement of load 1 from the current requirement

of load 2
By subtracting the current requirement of load 2 from the current requirement

of load 1

In the circuit above, how is the voltage drop across R2 calculated?

By adding the voltage requirements of load 1 and load 2
By subtracting the voltage drops across R5 and R 3 from the source voltage
By subtracting the voltage requirement of load 1 from the voltage requirement

of load 2
By subtracting the voltage requirements of load 1 and load 2 from the source

voltage
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4. In the circuit above, what is the minimum wattage rating required for R5?

a. 1w
b. 2W
c. 1/2WwW
d. 1/4W

5. In the circuit above, what is the total power supplied by the source?

a. 3.765W
b. 7.965W
c. 8.209WwW
d. 8965W

6. In the circuit above, what is the purpose of using the series-parallel network consisting
of R3, R4, and R5 in place of a single resistor?

It provides the desired resistance with resistor values that are easily obtainable
It provides the close tolerance required for the circuit

It is more reliable than the use of a single resistor

It costs less by using three resistors of lower wattage rating than a single, large
power resistor

oo oo

Power in the Voltage Divider

Power in the voltage divider is an extremely important quantity. The power dissipated by the
resistors in the voltage divider should be calculated to determine the power handling
requirements of the resistors. Total power of the circuit is needed to determine the power

requirement of the source.

The power for the circuit shown in Figure 3 is calculated as follows:

Given:  Er1 =590V

Solution: Pri = Epy % Igy
Py = 90% x Smd
Py = . 45W
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The power in each resistor is calculated just as for R;. When the calculations are

performed, the following results are obtained:

Fpp= OW/
Fpi= .625%
Fpq = 6.05%7

To calculate the power for load 1:

Given: Elpad1 = 0%
I]Dadl = 10md,

Solution: Froadt = Etoad1 * lpadt
Floadl = P0% % 10ma

Ploadt = 5%

The power in each load is calculated just as for load 1. When the calculations are
performed, the following results are obtained.

Ploage = 1L5W
Floady = 2.25%W

Total power is calculated by summing the power consumed by the loads and the power
dissipated by the divider resistors. The total power in the circuit is 15.675 watts. The power
used by the loads and divider resistors is supplied by the source. This applies to all electrical
circuits; power for all components is supplied by the source. Since power is the product of
voltage and current, the power supplied by the source is equal to the source voltage multiplied

by the total circuit current (E, x I1).

In the circuit of Figure 3, the total power can be calculated by:

Given: Eq= 285V
IT = 55mA I:IRq:I

Page 15 of 53



Air Washington Electronics — Direct Current

Solution: Fr=E;x 7
Fr= 285V x 55ma
Pr=15.675%

Voltage Divider with Positive & Negative Voltage Requirements

In many cases the load for a voltage divider requires both positive and negative voltages.
Positive and negative voltages can be supplied from a single source voltage by connecting the
ground (reference point) between two of the divider resistors. The exact point in the circuit at

which the reference point is placed depends upon the voltages required by the loads.

For example, a voltage divider can be designed to provide the voltage and current to three loads

from a given source voltage.

Given: Load 1. E=-25%
[ = 300mA

Load 22 E = +50%

I= 50ma

Load 3 E = +250%
[=100ma
Eg= 310V
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Figure 4: Voltage divider providing both positive and negative voltages

The circuit is drawn as shown in Figure 4. Notice the placement of the ground reference point.
The values for resistors Ry, R;, and R, are computed exactly as was done in the last example. Ig; is

the bleeder current and can be calculated as follows:

Solution: Ig1 = 10% » I load total)
It = 10% = (300ma )
g1 = 30maA

Calculate the value of R,.

Ry= Ept
In1
_ 25V
U 45maA
R, = 5568
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Calculate the current through R, using Kirchhoff’s current law. At point A:

IRt + Doadt * IRz + Doadz * Dpady = 0

4oms + 300mé + Igs - S0mA - 100mé =0
345mé, + gy - 150ma = 0

195ma, + [pa= 0

IRg= -195m A

Since Eg, = E0aq 2, YOU can calculate the value of R,. Solution:

Rz =E
Ip2
Y
¢ 195mA
R, = 2568

Calculate the current through R.

Iga = Ipz + Doadz
Igg = 195ma + S0ma
IRg = 245mA

The voltage across R; (Ers) equals the difference between the voltage requirements of loads 3

and 2.

Ex3 =Ejaaz ~ Epaaz
Eg; = 250V - 50V

ER3 = EDDV

Calculate the value of Rs.

E
R, = B3

In3
R, - 200V

245m A
R = 81602

Calculate the current through R,.

Ipg = lgs + Doads
Ipg = 245mé + 100mA
Ipq = 345ma
Page 18 of 53
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The voltage across Ers equals the source voltage (Es) minus the voltage requirement of load 3

and the voltage requirement of load 1. Remember Kirchhoff’s voltage law which states that the

sum of the voltage drops and emfs around any closed loop is equal to zero.

Epa=Es - Epads - Eigadi
Epg = 310% - 250% - 25v
Epg= 35%

Calculate the value of R,.

R, Epe
Ig4
3R

R, =

4 Z4EmaA

Ry =1014%

With the calculations just explained, the values of the resistors used in the voltage/divider are as

follows:
Eq = 55602
E. = 25682
Es =814
E4= 10102

From the information just calculated, any other circuit quantity, such as power, total current, or

resistance of the load, could be calculated.
Knowledge Check

1. Asingle voltage divider provides both negative and positive voltages from a single
source voltage through the use of a:

ground between two of the dividing resistors
ground to the positive terminal of the source
ground to the negative terminal of the source
ground to the input of all loads requiring a negative voltage

oo oo
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Practical Application of Voltage Dividers

In actual practice the computed value of the bleeder resistor does not always come out to an
even value. Since the rule-of-thumb for bleeder current is only an estimated value, the bleeder
resistor can be of a value close to the computed value. (If the computed value of the resistance
were 510 ohms, a 500- ohm resistor could be used.) Once the actual value of the bleeder

resistor is selected, the bleeder current must be recomputed. The voltage developed by the

bleeder resistor must be equal to the voltage requirement of the load in parallel with the

bleeder resistor.

The value of the remaining resistors in the voltage divider is computed from the current through
the remaining resistors and the voltage across them. These values must be used to provide the

required voltage and current to the loads.

If the computed values for the divider resistors are not even values; series, parallel, or series-

parallel networks can be used to provide the required resistance.

Example: A voltage divider is required to supply two loads from a 190.5 volts source. Load 1

requires +45 volts and 210 milliamps; load 2 requires +165 volts and 100 milliamps.

Calculate the bleeder current using the rule-of-thumb.

Given: lload1= 210mé&
padz = 100ma

Solution: Ipy = 107 x (210ma4 + 100méA)
IRI = 3lm&

Calculate the ohmic value of the bleeder resistor.

Given: Egt =45% (Ead1)
IRl = 3lma
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Solution: Ry = @
Ig

_ 45V
L 31maA
R, =145L168

Since it would be difficult to find a resistor of 1451.6 ohms, a practical choice for R, is 1500

ohmes. Calculate the actual bleeder current using the selected value for R;.

Given: Epy =45V
Ry = 1.5k

Egq

. . I =__ &l

Solution: E1 R,
_ 45y
ST
I 1= SC'IIL&';

Using this value for Iy, calculate the resistance needed for the next divider resistor. The current
(Ig2) is equal to the bleeder current plus the current used by load 1.
Given: Ip1 = 30mA
I],:,a,jl = 210ma

Solution: Rz = IR1* Toa1
[gz = 30ma + 210mds

Iﬂq = 240ma

The voltage across R, (Eg,) is equal to the difference between the voltage requirements of loads

2 and 1, or 120 volts.

Page 21 of 53



Air Washington Electronics — Direct Current

Calculate the value of R,.

Given: Epg = 120
Igs = 240ma
Egz
Solution: Ry = I
R2
120V
¢ 2A0mA
R, =500

The value of the final divider resistor is calculated with Igs (Ir, + lioad 2) €qual to 340 mA and E g5

(Es— E 10ad2) €qual to 25.5V.

Given: Epz= 255V
IRg = 340mA
_ - Eps
Solution: Ip3
_ 255V
P 3a0ma
Rq =7582

A 75-ohm resistor may not be easily obtainable, so a network of resistors equal to 75 ohms can

be used in place of Rs.

Any combination of resistor values adding up to 75 ohms could be placed in series to develop
the required network. For example, if you had two 37.5-ohm resistors, you could connect them
in series to get a network of 75 ohms. One 50-ohm and one 25-ohm resistor or seven 10-ohm

and one 5-ohm resistor could also be used.
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A parallel network could be constructed from two 150-ohm resistors or three 225-ohm resistors.

Either of these parallel networks would also be a network of 75 ohms.

The network used in this example will be a series-parallel network using three 50-ohm resistors.

With the information given, you should be able to draw this voltage divider network.

Once the values for the various divider resistors have been selected, you can compute the
power used by each resistor using the methods previously explained. When the power used by
each resistor is known, the wattage rating required of each resistor determines the physical size

and type needed for the circuit. This circuit is shown in Figure 5.

+165V

100mA

LOAD 2
R g + 45V
210mA
1.5K 0 LOAD 1

5 + :

Figure 5: Practical example of a voltage divider.
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Knowledge Check

1. InFigure 5, why is the value of R; calculated first?

2. Figure 5, how is (a) the current through R, and (b) the voltage drop across R, computed?
3. InFigure 5 what is the power dissipated in R;?

4. In Figure 5, what is the purpose of the series-parallel network R;, R., and Rs?

5. In Figure 5, what should be the minimum wattage ratings of R; and Rs?

6. If the load requirement consists of both positive and negative voltages, what technique
is used in the voltage divider to supply the loads from a single voltage source?

Voltage Divider Circuits

Analyzing a simple series circuit, the voltage drops across individual resistors can be

determined:

R,

VWA
5 kQ

A5V — 10 kQ %Rq

7.5 kQ
VA
R;

Figure 6: Analysis of a simple voltage divider.

R, R, R, Total
E 45 Volts
I Amps
R 5k 10k 7.5k Ohms

Figure 7: Table of known values
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From the given values of individual resistances, we can determine a total circuit resistance,

knowing that resistances add in series:

R, R, R, Total
E 45 Volts
I Amps
R 5k 10k 7.5k 22.5k Ohms

Figure 8: Total circuit resistance.

From here, we can use Ohm's law to determine the total current, which will be the same as

each resistor current, currents being equal in all parts of a series circuit:

R, R, R, Total
45 Volts
2m 2m 2m 2m Amps
5k 10k 7.5k 22.5k Ohms

Figure 9: Ohm’s law to determine current.

Now, knowing that the circuit current is 2 mA, we can use Ohm's law to calculate voltage

across each resistor:

R, R, R, Total

10 20 15 45 Volts
2m 2m 2m 2m Amps
Sk 10k 7.5k 22.5k Ohms

Figure 10: Ohm’s law to determine voltage drops.
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It should be apparent that the voltage drop across each resistor is proportional to its resistance,
given that the current is the same through all resistors. Notice how the voltage across R; is

double that of the voltage across Ry, just as the resistance of R, is double that of R;.

If we were to change the total voltage, we would find this proportionality of voltage drops

remains constant:

R, R, R, Total
E 40 80 60 180 Volts
| 3m 8m 3m 3m Amps
R sk 10k 7.5k 22.5k Ohms

Figure 11: Individual voltage drops are proportional to resistance.

The voltage across R; is still exactly twice that of R1's drop, despite the fact that the source
voltage has changed. The proportionality of voltage drops (ratio of one to another) is strictly a

function of resistance values.

With a little more observation, it becomes apparent that the voltage drop across each resistor
is also a fixed proportion of the supply voltage. The voltage across Ry, for example, was 10 volts
when the battery supply was 45 volts. When the battery voltage was increased to 180 volts (4
times as much), the voltage drop across R; also increased by a factor of 4 (from 10 to 40 volts).

The ratio between R;'s voltage drop and total voltage, however, did not change:

E
R _ 10V 4OV 55500

E, 45V 180 V

Figure 12: Relationship between voltage drops and total voltage.
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Likewise, none of the other voltage drop ratios changed with the increased supply voltage

either:
E--
R 20V 80V — 044444
Eoq 45V 180 V
E..
RS _ 15V — 60V = 0.33333
B 45V 180 V

Figure 13: Ratios between voltage drops and total voltage

For this reason a series circuit is often called a voltage divider for its ability to proportion -- or
divide -- the total voltage into fractional portions of constant ratio. With a little bit of algebra,
we can derive a formula for determining series resistor voltage drop given nothing more than

total voltage, individual resistance, and total resistance:

Voltage drop across any resistor E.=1 R,

n

Current in a series circuit Lo = B
Riota
. . Emrr..-} . . .
. . . Substituting ——— for 1_ in the first equation . ..

ferel

E
. . |
Voltage drop across any series resistor E = —— R,
total

LOr ...

Li

E.=E .
+ — Ttotal R

Figure 14: Voltage divider formula.
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The ratio of individual resistance to total resistance is the same as the ratio of individual voltage
drop to total supply voltage in a voltage divider circuit. This is known as the voltage divider
formula, and it is a short-cut method for determining voltage drop in a series circuit without

going through the current calculation(s) of Ohm's law.

Using this formula, we can re-analyze the voltage drops of Figure 6 in fewer steps:

R,

VWV
5 kQ

| +

45V

10 kQ §R1

7.5 kQ
VWA
R]

225 kQ2

Ep, =45V —0K2 o0y
22.5 kQ

E, =45V 2K 5y

22.5 kQ)
Figure 15: Analysis of Figure 6 using voltage divider formula

Voltage dividers find wide application in electric meter circuits, where specific combinations of
series resistors are used to "divide" a voltage into precise proportions as part of a voltage

measurement device.
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SR
Iq ut
voltage 1 \\\

Divided
2 voltage

5

Figure 16: A voltage divider circuit.

-

Media Resources

Wisc-Online.com

e \Voltage Divider Rule

Knowledge Check

1. Voltage Divider Rule Practice Problems from Wisc-Online.com

Potentiometer as Voltage Divider

One device frequently used as a voltage-dividing component is the potentiometer, which is a
resistor with a movable element positioned by a manual knob or lever. The movable element,
typically called a wiper, makes contact with a resistive strip of material (commonly called

the slide wire if made of resistive metal wire) at any point selected by the manual control:
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Potentiometer

wiper contact

Figure 17: Potentiometer

As indicated in Figure 17, the wiper contact is the left-facing arrow symbol drawn in the middle
of the vertical resistor element. As it is moved up, it contacts the resistive strip closer to
terminal 1 and further away from terminal 2, lowering resistance to terminal 1 and raising
resistance to terminal 2. As it is moved down, the opposite effect results (Figure 18). The

resistance as measured between terminals 1 and 2 is constant for any wiper position.

1 1
~~[Tess resistance \
l more resistance
more resistance T
/ P less resistance
2 2

Figure 18: Schematic of Potentiometer

Shown in Figure 19 are internal illustrations of two potentiometer types, rotary and linear:
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Terminals Linear potentiometer construction

/N

Wiper o .
: Resistive strip
Rotary potentiometer
construction
Wiper \ \ /
Resistive strip Terminals

Figure 19: Internal illustrations of potentiometers.

Some linear potentiometers are actuated by straight-line motion of a lever or slide button.
Others, like the one depicted in the previous illustration, are actuated by a turn-screw for fine
adjustment ability. The latter units are sometimes referred to as trim pots, because they work
well for applications requiring a variable resistance to be "trimmed" to some precise value. It
should be noted that not all linear potentiometers have the same terminal assignments as
shown in this illustration. With some, the wiper terminal is in the middle, between the two end

terminals.

Figure 20 shows a real, rotary potentiometer with exposed wiper and slide wire for easy
viewing. The shaft which moves the wiper has been turned almost fully clockwise so that the

wiper is nearly touching the left terminal end of the slide wire:
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. 4 Z
Y 7 » p
E 4
2 ¥ . 4 p
| a SRR S p g Peg b
- o ’ . ¢ ‘e “

Figure 21: Rotary Potentiometer with wiper turned  Figure 20: Rotary Potentiometer with wiper turned

completely to the left. completelv to the right.

Figure 21 shows the same potentiometer with the wiper shaft moved almost to the full-

counterclockwise position, so that the wiper is near the other extreme end of travel.

If a constant voltage is applied between the outer terminals (across the length of the slide
wire), the wiper position will tap off a fraction of the applied voltage, measurable between the
wiper contact and either of the other two terminals. The fractional value depends entirely on

the physical position of the wiper, as shown in Figure 22:

Using a potentiometer as a variable voltage divider

more voltage less voltage
J «

Figure 22: Potentiometer as variable voltage divider.
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Just like the fixed voltage divider, the potentiometer's voltage division ratio is strictly a
function of resistance and not of the magnitude of applied voltage. In other words, if the
potentiometer knob or lever is moved to the 50 percent (exact center) position, the voltage
dropped between wiper and either outside terminal would be exactly 1/2 of the applied
voltage, no matter what that voltage happens to be, or what the end-to-end resistance of the
potentiometer is. In other words, a potentiometer functions as a variable voltage divider where

the voltage division ratio is set by wiper position.

This application of the potentiometer is a very useful means of obtaining a variable voltage
from a fixed-voltage source such as a battery. If a circuit you're building requires a certain
amount of voltage that is less than the value of an available battery's voltage, you may connect
the outer terminals of a potentiometer across that battery and "dial up" whatever voltage you

need between the potentiometer wiper and one of the outer terminals for use in your circuit:

Adjust potentiometer
to obtain desired

/voltage

< VWAA——
G ¢
— AW
f

Battery = :<',:
Circuit requiring
less voltage than
what the battery
provides

PN+

Figure 23: Practical application of a potentiometer as voltage divider.

When used in this manner, the name potentiometer makes perfect sense: they meter (control)

the potential (voltage) applied across them by creating a variable voltage-divider ratio. This use
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of the three-terminal potentiometer as a variable voltage divider is very popular in circuit

design.

Current divider circuits
Let's analyze a simple parallel circuit, determining the branch currents through individual

resistors:

+

.I_
6v L_ %Rl %ha %RE

- -1 1kQ -|3kQ -[2kQ

| +
+

Figure 24: Analysis of a simple current divider circuit.

Knowing that voltages across all components in a parallel circuit are the same, we can fill in our

voltage/current/resistance table with 6 volts across the top row:

R, R, R, Total
E 6 6 6 6 Volis
I Amps
R 1k 3k 2k Ohms

Figure 25: Table of known values.
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Using Ohm's law we can calculate each branch current:

R, R, R, Total
E b 6 6 b Volts
6m 2m Im Amps
R 1k 3k 2k Ohms

Figure 26: Use Ohm’s law to determine each branch current.

at total current by summing 6 mA, 2 mA, and 3 mA:

Knowing that branch currents add up in parallel circuits to equal the total current, we can arrive

R, R, R, Total

6 6 b 6 Volts

bm 2m 3m 11m Amps
1k 3k 2k Ohms

Figure 27: Use rules of parallel circuits to determine total current.

The final step, of course, is to figure total resistance. This can be done with Ohm's law in the

"total" column, or with the parallel resistance formula from individual resistances. Either way,

we'll get the same answer:

R, R, R, Total
6 6 6 6 Volts
bm 2m 3m 11m Amps
1k 3k 2k 54545 | Ohms
Figure 28: Use Ohm’s law to determine total resistance.
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Once again, it should be apparent that the current through each resistor is related to its
resistance, given that the voltage across all resistors is the same. Rather than being directly
proportional, the relationship here is one of inverse proportion. For example, the current

through R; is twice as much as the current through Rs, which has twice the resistance of R;.

If we were to change the supply voltage of this circuit, we find that these proportional ratios do

not change:

R, R, R, Total
E 24 24 24 24 Volts
| 24m 3m 12m 44m Amps
R 1k 3k 2k 345.45 Ohms

Figure 29: Individual currents are proportional to resistance.

The current through R is still exactly twice that of R, despite the fact that the source voltage
has changed. The proportionality between different branch currents is strictly a function of

resistance.

Also reminiscent of voltage dividers is the fact that branch currents are fixed proportions of the
total current. Despite the fourfold increase in supply voltage, the ratio between any branch

current and the total current remains unchanged:

1

RI - _ 6 mA _ 24 mA — 054545
| - 1l mA 44 mA
1

R2 _ 2 mA _ 3 mA — 013182
Lot 11 mA 44 mA
1.-

RI 3 mA _ 12 mA 027273
Lo 1l mA 44 mA

Figure 30: Ratios between branch currents and total current.

Page 36 of 53



Air Washington Electronics — Direct Current

For this reason a parallel circuit is often called a current divider for its ability to proportion -- or
divide -- the total current into fractional parts. With a little bit of algebra, we can derive a
formula for determining parallel resistor current given nothing more than total current,

individual resistance, and total resistance:

E,

Current through any resistor L =—-

R'JT

Voltage in a parallel circuit E ..=E,=1.. Ry

. .. Substituting 1. ,R,..; for E, in the first equation . . .
Lo R
Current through any parallel/ resistor 1, = %

n

LOr. ..

Rtu‘tnl
In = Itutnl

T

Figure 31: Current divider formula.

The ratio of total resistance to individual resistance is the same ratio as individual (branch)
current to total current. This is known as the current divider formula, and it is a short-cut

method for determining branch currents in a parallel circuit when the total current is known.

Using the original parallel circuit as an example (Figure 24), we can re-calculate the branch

currents using this formula, if we start by knowing the total current and total resistance:

Page 37 of 53



Air Washington Electronics — Direct Current

Ig; =11 mA Y450 = 6 mA
1 kQ

I, =11 mA 54545 Q = 2 mA
B 3 kQ

I;; =11 mA 24545 Q = 3 mA
2 kQ

Figure 32: Analysis of Figure 24 using current divider formula.

If you take the time to compare the two divider formulae, you'll see that they are remarkably
similar. Notice, however, that the ratio in the voltage divider formula is R, (individual
resistance) divided by Rota, and how the ratio in the current divider formula is Ryota divided by

Rn:

Voltage divider Current divider
formula formula

T Rtutnl
En = Eturtal —_ In = Itutal_

Rtotnl RJT

Figure 33: Voltage divider and current divider formulas.

It is quite easy to confuse these two equations, getting the resistance ratios backwards. One
way to help remember the proper form is to keep in mind that both ratios in the voltage and
current divider equations must equal less than one. After all these are divider equations,

not multiplier equations! If the fraction is upside-down, it will provide a ratio greater than one,
which is incorrect. Knowing that total resistance in a series (voltage divider) circuit is always
greater than any of the individual resistances, we know that the fraction for that formula must
be R, over Rroal. Conversely, knowing that total resistance in a parallel (current divider) circuit
is always less than any of the individual resistances, we know that the fraction for that formula

must be Ryota OVer R,.
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Current divider circuits also find application in electric meter circuits, where a fraction of a
measured current is desired to be routed through a sensitive detection device. Using the
current divider formula, the proper shunt resistor can be sized to proportion just the right

amount of current for the device in any given instance:

Lo = lj“{l;:;‘ —2>  low

J T

—>
raction ofttotal
curren

sensitive device

Figure 34: Application of a current divider in a meter.

Media Resources

Wisc-Online.com

e Current Divider Rule
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1: Voltage Divider Circuit

Components & Equipment Needed

e DC Power Supply
e Breadboard & Jumper Wires
e Resistors: 1k (3),270Q, 430 Q, 510 Q

Circuit Diagram

510 Q
Load 1

§1000
R1 §

B
é430 Q
Load 2

J §1OOQ
____10V R2
C
1000 Q 270 Q
§R3 §Loau:13
Procedure
Step 1: Build the circuit shown in the schematic.
Step 2: Take measurements and perform calculations as required in the table below.
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Table for Voltage Divider Circuit Lab

Calculated Value

Measured Value

% Difference

VRl

Vr2

Vr3

VLoadl

VLoad2

VLoad3

VTotal

ILoadl

ILoad2

ILoadS

ITotal

Iy

Table 1: Voltage Divider Circuits Lab

Observations & Conclusions

In your lab report, include your results from Table 1 as well as any observations or conclusions

you may have made during this exercise.

Answer following questions in your lab report:

1. If you were to remove Load 3, what would happen to total current? Does anything
change inregards to Load 1 or Load 2? Please explain.

Page 41 of 53




Air Washington Electronics — Direct Current

2: Designing a Loaded Voltage Divider

Components & Equipment Needed

e DC Power Supply

e Breadboard & Jumper Wires
e Resistors: TBD

Procedure

Step 1:

Step 2:

Step 3:

Design a loaded voltage divider using the specifications below. Enter your

calculated values in the Table 2.

e Load Arequires 9V and about 10 mA

e Load B requires 5V and about 8 mA

e Load Crequires 2 V and about 3 mA
Build the loaded voltage divider on a breadboard using standard value (x5%)
resistors. Be aware that your values may not come out exact, so use the best
possible resistance for the circuit. Use a design similar to that shown in the

schematic of the first activity (Voltage Divider Circuit).

Measure and record the values in the table below. Calculate the percentage of

difference between your calculated and measured values.
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Table for Designing a Loaded Voltage Divider Circuit Lab

Calculated Value Measured Value % Difference

VLoadl

VLoadZ

VLoad3

VTotal

ILoadl

ILoadZ

ILoadS

ITotal

Iy

Table 2: Loaded Voltage Divider Circuit Lab

Observations & Conclusions

In your lab report, include your results from Table 2 as well as any observations or conclusions

you may have made during this exercise.

Answer following questions in your lab report:

1. If R3 were to open, what would happen to the rest of the circuit? Would any of the
other loads be affected? Please explain your answer.
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3: Critical Thinking
Your supervisor has decided that you are ready to accept new challenges and asks you to take

the lead in solving a new customer’s dilemma.

A new customer has decided that they would like to utilize two (2) of your company’s
“SuperBright 1600” lamps and the new sensor array that was recently developed. They are not
interested in purchasing any of the power supplies as they already have a 100 V power supply

in place that is being used to run another part of their system.

The specs for the “SuperBright 1600” indicate that they require a 24V power supply and have a
resistance of 15 Q each. The Sensor Array requires 12V and has a resistance of 1500 Q. Recall

that there is an existing requirement on the power supply of 100 V and 500 mA.

They would like you to design a system that will allow them to operate all four (4) of these

components from a single 100 V power supply.

In addition to your calculations and a table of calculated and actual values, your supervisor will

want a schematic created in Multisim that he can show to the customer.
Points to remember:

e List the known values
e List the requirements

e Only #5% Standard Value resistors can be used. Also, make sure they are the correct
wattage. Use rated resistors in Multisim as these will “blow” if they are over loaded.
For the loads, use a resistor for the simulation.
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Answers to Knowledge Checks

Voltage Dividers

1. What information must be known to determine the component values for a voltage

divider?
A. The source voltage and load requirements (voltage and current).

If a voltage divider is required for a load that will use 450 mA of current, what should be
the value of bleeder current?

A. 45 mA rule-of-thumb.

If the load in question 50 requires a voltage of +90 V, what should be the value of the
bleeder resistor?

A. 2kQ

If the source voltage for the voltage divider in question 50 supplies 150 volts, what is the
total current through the voltage divider?

A. 495mA

A voltage divider is required to supply a single load with +150 V and 300 mA. The source
voltage is 250 V. Based on this information, answer the following questions. (Hint:
Draw the circuit).

A. What should be the value of the bleeder current?

a) 3A

b) 300 mA
c) 30 mA
d) 3 mA

B. What should be the ohmic value of the bleeder resistor?
a) 50
b) 500

c) 5k
50 k
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C. What s the value of total current?

a) 303 mA
b) 330 mA
c) 600 mA
d) 3300 mA

Multiple-Load Voltage Dividers

LOAD 1|[LOAD 2
100V 130V
10 mA || 40 mA

m

1. Inthe circuit above, why must the value of R1 be calculated first?

For convenience

The current through R2 depends on the

value of R1

The voltage drop across Rldepends on the value of load 1

In any circuit, values for resistors labeled R1 are calculated first

®ao oo

2. Inthe circuit above, how is the current through R2 calculated?

a. By adding IR1 and the current requirement of load 1

b. By adding the current requirements of load 1 and load 2

c. By subtracting the current requirement of load 1 from the current requirement
of load 2

d. By subtracting the current requirement of load 2 from the current requirement
of load 1
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3. In the circuit above, how is the voltage drop across R2 calculated?

By adding the voltage requirements of load 1 and load 2

By subtracting the voltage drops across R5 and R 3 from the source voltage

By subtracting the voltage requirement of load 1 from the voltage requirement
of load 2

By subtracting the voltage requirements of load 1 and load 2 from the source
voltage

4. In the circuit above, what is the minimum wattage rating required for R5?

o0 oo

1w
2W
1/2wW
1/4 W

5. Inthe circuit above, what is the total power supplied by the source?

oo oo

3.765W
7.965 W
8.209 W
8.965 W

6. Inthe circuit above, what is the purpose of using the series-parallel network consisting
of R3, R4, and R5 in place of a single resistor?

oo oo

It provides the desired resistance with resistor values that are easily obtainable
It provides the close tolerance required for the circuit

It is more reliable than the use of a single resistor

It costs less by using three resistors of lower wattage rating than a single, large
power resistor

Voltage Divider with Positive & Negative Voltage Requirements

1. Asingle voltage divider provides both negative and positive voltages from a single
source voltage through the use of a:

oo oo

ground between two of the dividing resistors

ground to the positive terminal of the source

ground to the negative terminal of the source

ground to the input of all loads requiring a negative voltage
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Practical Application of Voltage Dividers

1. InFigure 5, why is the value of R; calculated first?

A. Rl is the bleeder resistor. Bleeder current must be known before any of the
remaining divider resistor ohmic values can be computed.

2. Figure 5, how is (a) the current through R, and (b) the voltage drop across R, computed?

A. (a) By adding the bleeder current (IR1) and the current through load 1 (b) By
subtracting the voltage of load 1 from the voltage of load 2.

3. InFigure 5 what is the power dissipated in R;?
A. 1.35W
4. In Figure 5, what is the purpose of the series-parallel network R;, R4, and Rs?

A. The series-parallel network drops the remaining source volage and is used to take
the place of a single resistor (75 ohms) when the required ohmic value is not
available in a single resistor.

5. In Figure 5, what should be the minimum wattage ratings of R; and Rs?
A. R3=2W;R5=6W

6. If the load requirement consists of both positive and negative voltages, what technique
is used in the voltage divider to supply the loads from a single voltage source?

A. The ground (reference point) is placed in the proper point in the voltage divider so
that positive and negative voltages are supplied.
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Additional Resources

Physics Resources
Georgia State University — HyperPhysics

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

Video Resources

Khan Academy — Electricity and magnetisim

https://www.khanacademy.org/science/physics/electricity-and-magnetism
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