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Solution to Practice Problem of the Day #07:

Part (a)

If we haveideal voltmetersthen these are devices for measuring voltage that appetrs at
positive terminal relative to the negative terminal. Intarar, the ideal voltmeter accepts zero
current. Where the voltmeter is corresponds to an “open circuit” wiach in the “off” position:

| A Ra

So we see immediately thd4; corresponds to the voltage drop accross resigtpand V,
corresponds to the voltage drop accross resigior

First, we note that this is now a simple loop with two resistior series. We use theeries
current rulewhich says that the current in each component must be the same

Likewise we can see that the voltage across both resistgesiter must be the voltage applied
by thevoltage sour ce:

Vi=Vi+ VW

Now we are ready to appl®hm’sLaw: to solve for the current:

Vs = I, Ry + IRy

V, = IR, + IR,
Vs = I(R, + Ry)
Vs

I:
R, + Ry
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To get the voltages, we again consider Ohm’s Law one resas@time:

Vl - IaRa

Vs
p— Ra
Vi (RM+RJ

R,
M_%(&+&)

Likewise:

Vo = LR,
2= (Ra]‘}:Rb) fi
=Y (Ral—%i-bRb)

Part (b)

This kind of circuit where we have a known voltage appliedrass two resistors in series is
called aVoltage Divider. The current is the same in every resistor in series. But titage is
not. In fact, the voltage idivided between the two resistors, with the sum of the two voltagesiro
being equal to the total applied voltage from the source.

By the same logic we might call two resistors in parallel (véhthe voltage drop is the same
for each resistor) a “current divider” because the totaftenircoming into the circuit islivided
between the different arms.

A voltage divider is a useful circuit contruct because it allows you to geresaany desired
lower voltage from any voltage source which runs at a higlediage by simply chosing resistor
values. For example, if you had a 24 volt source but you wattgnerate a 12-volt output, you
could use two identical resistors to do this. The main achgmpf a voltage divider is that it is
a simple and easy way to generate some desired voltage. Tihednasvbacks are that they use
power (dissappated into the resistors) and they fail if tipwt voltage is attached to a load that
draws current (see part c).
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Part (c)
Putting a “load” on our voltage divider is represented byfthere below:

I Ra§

Vin VOU’[

Vs <> Rb§ R

0 volts

The equivalent resistance of the load is representef};byThe voltage divider is designed to
act as a “function generator” where the output voltage égsponding td%) is held at a fixed value
proportional to the input (source) voltage (corresponday):

Ry
Vou = Vm
' (Ra + Rb)

This is thedesign output of the voltage divider. In facy,,,; will match the design output in
the limit where the load resistance is infinite. Howeverhi toad resistance has a finite value,
then some of the current that goes through the upper resigtayo through the load instead of
the lower resistor. Since there is less current in the lowsistor, the output of the dividéi,,,
will be lessthan the design output. In other words the voltage divedgs if the load resistance is
low. We can work out how much sagging occurs by solving foratieal voltagéd/,,; with a finite
load:

First, we look at theparallel structure:

Vour = Vb = Vo,

Applying Ohm’s L aw:

Vour = IhyRy = IRy,

Next let's look again at the upper resistor:

Va = ]aRa
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Adding up voltages using our voltage divider naming scheme:

‘/in - Va + ‘/out

And now byconservation of current we have:

I, =1+ 1

Using our previous expressions and plugging in for theseeots

R, Ry Ry
‘/Z‘n - ‘/out . ‘/out + ‘/out
R, R, Ry

Vin.k . Vour . Vour | Vou
_ t+ t_'_t

Va ‘/out + ‘/out

RbRL RQRL RaRb
‘/in = ‘/ou Ra
' (RaRbRL T RiRoRL RaRbRL)

RyR; + R,R;, + R, Ry
‘/in == ‘/ou
' < Ry Ry, )
RyR;,
‘/Ou - ‘/'Ln
‘ <RbRL + R.R, + RaRb)

In the limit whereR; > R, andR; > R, we can say that the third term in the denominator is
small compared to the other two terms. In this case, the anmggdaces to our previous answer for

RyR;
Vout = Vip,
¢ (RbRL + R R, + o)

RyR;,
Vour = Vip | =————=—~
' (RL(Rb + Ra))

Part (a).

Ry
Vour = Vi
! (Rb + Ra)
In contrast ifR;, = R, = R, = R then

R2
‘/out - ‘/zn (@)
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1
‘/out - g‘/zn

1
‘/out = _‘/in
3

In other words, the actual output voltage one-third of theuinvoltage instead of thdesign
output of one-half of the input voltage:

Vie(design)= -
V,.+(actual)= ‘g"

This corresponds to a performanace of about 67% of the desokage, corresponding to
a sag of 33% relativeto the design value. ‘




