
Circuits Series parallel UE i dividersexamples
Series Elements are in series iff theysharethe same
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Parallel Elements are in parallel iftheysharethe same
voltage i e are connected between the samenodes
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For resistors in parallel we get a net resistance
for the Whole sarallel group of
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e s 2 resistors R1R2 in parallelgives a net resistance
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we often combineseriesresistor into a single resistor
to reduce of nodes and simplifyanalysisof a network
Once we've done this and found the voltage Vt across thewhole resistor chain how can we find thevoltages
across individual resistors

Voltage dividers
Suppose we have a set of resistors in series with
a total voltage T across the series chain How can
we find the voltages across the individual resistors in
terms of the total voltage
Consider N resistors R1R2ldotsRN in series
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So resistors inseries share the total voltageaccording
totheir fraction of the total resistance Voltage
divides proportional to the fractional resistance
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A Series resistor chain is often used as a voltagedivider to provide a scaled down version of a large
voltage
Suppose we had a large powersupplyvoltage Vbigthat could be as large as 10,000 X Wemight want
to monitor that voltage but we might havemonitoring
circuitry that can only take a voltage input Vm that
is less then 10 We could use a voltage divider tomake 4sptilde a scaled down repliicof Vbi

overrightarrowitimesR1 VmfracR2R1R2cdotVb is

To make Vm10VVbis10000V
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kixVx1How much power do we dissipate
power dissipated in componentX PxVxix
For a resistor ixVxRxthereforePxVx2Ry

therefore Totel power in R1R2 s PTOT VbIS2leftR1Rcright
1100002110710W

The power in R2 is P2fracVm2R2frac11012104001W
All the rest is dissipated in R1

In practice we'd likelybuild R from a series chain
of resistorsbothtogetthe exact valueand tohandlethe power
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Current Divider calculate how current splitsamong a
set of paralleled resistors

Suppose we have a set of paralleled resistors carrying
a total current lambdaT Let's find how this currentdistributes
divider among the resistors

it Resistors Rjj1ldots where Gjfrac1Rjoverrightarrow0
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The jthbranch current over the total current is thus

fracijiTfracGjG1ldotsGT or ijfracGjG1ldotsGNcdotiT
so resistors in parallel split current according
to their fraction of the total conductance
Current divides based on fractional conductance

Expressed in terms of resistances this gives us

so the smaller an individual
resistor is thegreaterfrection ofthecurrent it
drewfracijiTfracnicefrac1Rjnicefrac1R1ldotsnicefrac1RN
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Consider current division of a total current lT
among 2 resistors R1R2 in parallel
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So expressed in terms of resistances thecurrentdivider
relationship for paralleledreciators is opposite to that of
the voltage divider relationship for series resistors

Series Parallel resistor combinations and dividersappear
sofrequentlyand are so useful thattheyare worth
memorizing

Example Consider a batteryfeeding two lights

modelthebatters as havingan opencircuit voltage VB in
series with an internal resistance Rb VB12V Rb01Omega
model the lights as resistors R1R21Omega
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Suppose we want to know the voltage at the lights

Circuits

We canquicklysimplifythecircuit byparallel resistor
combination1 and then use voltage division to find VL
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Byvoltagedivision from VB VLfracReqReqRBcdotVB
frac0506cdot1210V

What is the battery current 1
i

B

The total series resistance is RTRDeltaReq06Omega
therefore1BfracVBRTfrac12V06r20A

Howdoes is divide between the two lights
current division

i1fracR2R1R2cdotiBleftfrac12rightleft20right10A
i2fracR1R1C2cdot1B10A currentsplitsequally

Note This isexpected by symmetry equalresistances
If R were smaller then Rz vid expect R to

get a greater frection of the total current


