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Circuit Reference - Resistors in Series and Parallel
Ohm’s Law

e Ohm’s Law relates the voltage across a component and the current
through a component given a resistance R.

V==l IX V]

Kirchhoff’s voltage law (KVL)

e  Kirchhoff’s voltage law states that the sum of the voltage in a closed loop must add to zero.

e Using KVL we can show how resistors should add together when in series.

o  Starting at the dot and moving clockwise we can add up the voltage or voltage drop across each component.
By convention if a component does note have a stated polarity it will be assumed to be positive.

Starting at the dot move clockwise
-V1+VR1+VR2=O e +
V1= VR1+VR2 =2 V1 _____ Requiv
V1= IR1R1+IR2R2 = —

Iz;=I g, because current is constant
V1 =1(R1+R2) —

SR Rl ) -

Kirchhoff’s voltage law (KCL)
e Kirchhoff's current law states that the current into a node must be equal to the current exiting a node.
e KCL can be used to show how resistors add in parallel.

Vil e

Lin IR2 At the node the current from the battery comes in and
gets split between RI and R2.

Lin-Ir1-Ir,=0 —

+ Lin=Iri+Iro —
vile—— R1 R2 1, = (VRi/RD+(Vr2/R2) —

= Vri=V g2 =V1, because the voltage across both resis-
tors is the same and equal to V1

I,,= VI(1/R1+1/R2) —
I, = VI((R1+R2)/R1*R2) —
Rearrange to look like Ohm’s Law

V1 =I(R1*R2/(R1+R2)) —
Requiv SO Rl o R2

2

IR}

Vil ==

buo

2 /é /,QO/O
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Circuit Symbol Key:
Light bulb Multimeter
ame siems Do

or the current. Ex-
amples below show
how to measure cur-
rent or voltage and

7

Light bulbs we are using in this lesson do not I\é{easure the circuits that are
have a polarity, there is not + or - . urrent consistent with the
pictures

Battery Switch
Vi | o/o

KnifeSwitch

In this lesson we will be using D batteries. Note that in | The knife switch is a simple shorting mechanism pro-
the battery pictured above the right side is positive and | viding a conductive connection when the lever is low-
the left is negative. ered.

How to measure voltag How to measure current:

Measure currel
of the circuit.

3 e
Measure the voltage across a circuit element.
- + LS Lamp
Pt = D sy
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Lamps in Series - Measure the Current

o Now that we know the voltage across each _o/
lamp lets measure the current through each KnifeSwitch
lamp. ot —>)tamp 1
o Voltage can be thought of as the potential =
of getting something done. You can also | @ Lamp2

think of voltage as a dam, the taller and

Circuit with 2 lamps in series

more water held back means there is more
potential energy available.

o Current can be thought of as the flow of energy, in this case positive charge. Relating
current to water and the example above current can be thought of as the flow rate of
water.

o With this information make a hypothesis about the current you expect to see through each
lamp (circle the one you agree with and explain why or propose another hypothesis).

1. Current through Lamp 1 > Current through Lamp 2

2. Current through Lamp 1 < Current through Lamp 2

(Currem through Lamp 1 = Current through Lgm’p})

4. Current through Lamp 1 not related to Current through Lamp 2

S

Tl\& CLLT(CV\+ ‘Ao o noole Why?
must be ‘gu‘wl to ‘f/lw. catient ot

Thoe IS only one PaﬂVL\ for “HAL cutrent 5o tlo curtents must

be Hhe same.

You know that to measure the current you have to include the multimeter into the circuit draw
two circuit below to measure the current in lamp 1 and lamp 2. wabimete

Cirewl fo measure Rlacle fizts
T, oF Custent Hhoug h %‘f“‘"
an‘a \

® 7 D) ﬁ L::P{
T 5 9

Cl“lu\‘J(' ‘}‘0 Measy re Curients

2/¢6/20/0
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Lamps in Series - Measure the Voltage

o Using both lamps build the circuit shown to
the right.
e Measure the positive voltage across lamp 1

Lamp 1 Voltage |Vy;| = l L},Qé V)

(Measuring the voltage across the lamp is the
same as measuring the battery, use the same set

tings, place the probes on either side of the lamp. )

o Measure the positive voltage across lamp 2

Lamp 2 Voltage |Vi,| = 2 L/ 55 V)

o/c

KnifeSwitch

+
N ==

“:@Lamp 1

T_@Lamp 2

Circuit with 2 lamps in series

Determine the polarity

Kirchhoff’s voltage law (KVL)

e Kirchhoff’s voltage law states that the sum of the
voltages in a closed loop must add to zero.

e Take the circuit to the right, if you start at the dot and
go clock wise you can write down the following
equation.

-V1 +/- VRl +/-VR2 =0

We know the polarity or sign of the battery and if you
think about walking around the circuit like you where
walking on a path you would first see the negative side of
the battery so you put a - in front of V,. By convention
we apply a positive sign to circuit components when we
do not know the polarity. So the equation above would
be: -Vl it VRl +VR2 0 or V1 VRI +VR2

So we can label the polarity of each component as

R1

V==

R2

Check: | QéVl |) L/55V| |,2 881 V |

Vri Vra2 Is thls close to
V1?

/A)l\nc/k s close %mgﬁged—ep{ 30\/ @

° Usmg the convention above label the circuit to the right

and measure the voltage across lamp 1
Lamp 1 Voltage Vi, = |.42 G V)
(Place the red probe on the plus side and the black
on the negative side )

e  Measure the voltage across lamp 2

Lamp 2 Voltage Vi, = ] 455 (V)

V1

—o/c

KnifeSwitch

+
SNmEma

Circuit with 2 lamps in series

2

L/6/20/0
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Diagram a Circuit

Using the items listed below determine the
circuit that makes the two light the brightest

21 e bright In the space below draw the circuit diagram
9 amps) of the circuit which made the light bulbs the
e 2 batteries brightest
o Jumper wires

Brightest Lamp Circuit Diagram Symbol Reference

Lamp

e e
’_% @ Battery _],._I
T/ o/ ()

KnifeSwitch

Anistbebongmon  Symbs| =t
@ ,Z/amp l\S @ Wire

o In the circuit diagram above label each component in the diagram
include expected voltage of each battery.

e Use the multimeter to measure the voltage of the battery/batteries
using the settings to the right:

(Place probes on either side of the battery determine the +/- sides draw a pic-
ture of battery and equivalent circuit component with polarity)

Bateryl [ 53!  w)
Auto Power OFF K

Battery 2 } SO V) o
Only if both batteries are used

o Using the values of the batteries from the circuit diagram what is
the total voltage provided to the circuit.

Total Expected Voltage Supplied to Circuit V1= 3 03| V)

o Measure the total voltage supplied to circuit

Total Measured Voltage Supplied to Circuit Vi = 2 . 03

Calculate the % Difference = M (%)

2A/6/26/0
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Lamps in Series - Measure the Current Cont.

o Time to measure the current, start by changing the setting on the

multimeter to the ones shown in the picture to the right
e Using the circuit diagram below measure the current through

each of the lamps.

KnifeSwitch : KnifeSwitch
; Lamp 1
:; 3v——+ —S)Lamp 1 —)Lamp
'f = F +
aE.. )
_I_@ Lamp 2 - =
(1) - Circuit to measure current in lamp 1 _I_@Lamp -
- (2) - Circuit to measure current in lamp 2

o If you have the circuit built from the last o From (1) reconnect lamp 1 to the switch

page disconnect the jumper wire that con- E, and disconnect the jumper connecting the

nected lamp 1 to the switch. " lamps together. |

. Touch the red probe to the open end of the e Touch the red probe to the unconnected

~ switch. f side of lamp 1.

. Touch the black probe to the end of the o Touch the black probe to the end of the

| lamp 1 that is not connected to anything. V lamp 2 that does not connected to any-

;- Record the current :; thing.
Lamp 1 Current [} ; = OQOQ (A) e« Record the current :
(where I is the standard symbol for current and Lamp 2 Current I, = o QO Q. (A)
(4) stands for Amperes which is C/s, or Cou- (where I is the standard symbol for current j
lombs per second.) ' and (4) stands for Amperes which is C/s, or i

; Coulombs per second.)
Compare the currents: J’Ll = IL,’)_
Was your hypothesis correct?

Ves

2/6/20/0
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Lamps in Series - Put it Together

o Ohm’s law states that the voltage is proportional to the resistance times the current or V=IR.
o Power dissipated by an electrical component found by multiplying the current times the
voltage or P=VI

Look back at your previous work and record the voltage and current for each lamp in the spaces
below.

|26 (W |x| 0.202 (A|=]| 28805 W-p,
P)rfz): 0.58196W

Viq (V) 1.1 (A) Lamp 1 Power (W) ]
watfs

| 4B5(V) |x| 0.202 (A)|=|p 2939 W)|=p,

Vi (V) 112 (A) Lamp 2 Power (W)
What is the resistance

In the space below rearrange Ohm’s law to solve for the resistance.

0 ]r\ m's /Lxu) v Answer written
Vf T ﬁ- = 72_ = I neatly
V.

-3

Solve for the Resistance
Using Ohm’s Law

In the space below use your derivation above and calculate the resistance of each lamp in the
appropriate section.

Answer written

]' %lé neatly
S el 594
i O.20% 7 0 R“: 7 (3L

Lamp 1 Resistance
Using Ohm’s Law

Answer written

55 neatly
b e boggen

Lamp 2 Resistance
Using Ohm’s Law

L

2/6/3210
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Lamps in Series

Using all the information calculated up to now we are going to compare the measured and ideal
case for the series circuit.

Start by summarizing the collected data:

Voltage supplied by the Batteries: 3 o3 V)

Not under a load

Voltage across Lamp 1 Vy;: } 5 L/,lé V) 3/ o

} L/SS KnifeSwitch
Voltage across Lamp 2 Vi,: |, V) +
WEEE— —>)Lamp |
Current through Lamp 1 I;;: 0202- V) -
Lamp 2
Current through Lamp 2 I;: L 202 V) -I:@
Calculated resistance Lamp 1 Rii: /06 () Ghiont with - lampsinedes

Calculated resistance Lamp 2 Ry ;: 7 20 (Q)

To start this, the resistance of each lamp needs to be measured. To due this put the red probe in

the port on the right, which has a Q over it. The turn the multimeter measurement selector to Q.
Place the probes such that the red probe is on one side of the lamp to be measured and the black
probe is on the other side.

Measured resistance Lamp 1 Ry ;: / 751 (Q)

Measured resistance Lamp 2 Ry : / : é 5 (Q)

From page 2 we know that resistors in series add, so find the equivalent resistance and then cal-
culate the current. We will use the computed and measured current to compare the Ohm’s law
to the measured current.

Equivalent Resistance = Ry; + Ri, — Requive 3 é Q)

205
Calculated Current I, using Ohm’s law V=IRquv [=_ 72~ ~ 054t (A)

o

Average Measured current I 12 avg = 0 QO 2 (A)

Calculate the % difference between I and Iy 12 ave : 75 0[7 7 Z (%)

. Howdo the two currentscompare?: not wf/” > ‘//lu/\’c /s an ertoy of 757?72

e Can Ohm’s Law be used to predict circuit response?: Q((of&/:"r\;l 710 “//Zl 115 )’10,»’

T}’ic {eason 'H\e\ré I\S ﬁll‘Sﬁ f‘a,wxe,wf—s

Comes Lo "’/L‘L foet “M"JL ML
fesistance of e l"g“ b @haygg_g ulat J é/d
When Lt = Students Shodd Hse the Calewis™ 2/6/2000

Resistance.
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Lamps in Parallel

o From the previous page you know that re-
sistance is temperature dependent. The par-
allel circuit should be similar to the one i |
you built on page 3 and is brighter than the )
lamps in series. The brighter the bulb the
higher the resistance and I have found that
scaling by 1.4 is a good approximation.
Estimate the current and power through
each lamp using the calculated resistance
scaled by 1.4.

e You need to calculate the current through each re- +
sistor. To do this you need to know the voltage N Rq Rz
across each resistor, we already know the resistance =
from the previous page and check the bullet above.
o Using the space below calculate the currents.

Lamp1 ——>)Lamp 2

i

~

~
~.

8}

scaledRI = (D706 =T ) saiearo= /Q.0BL ()

- £ e 3/\1 cr 0 20552 A Ansv;z;t\;vyritten

55z R Y () '

5§ T, = 0.30%
(=}

S e 3/\/— O T e ) Answnz;x]vyriuen

e B

52" ' T = 0.298 %)

- 5 L2

o What voltage did you use and why? : g

3V Deeais & et s what 74\&' ErGe J\n;mw‘ 5}“""§
ol e ke e UL S
) p-0.914 w
]
2 = 286w Answer written
in,; Pp\: l}\/z = [DJ?XA') (3\/) = Ogtrl neatly
EE p-0893W
S

Lo

2/¢/ 200
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Lamps in Parallel - Build and Measure

o Build the circuit below and then measure the current and voltage for each lamp.
o Label the circuit below with the measure values adding the polarity and direction of the cur-

rent.
e Fill in the measured Valujzs below the circuit
e)r (c
-P'SnifeSwitch + 9 (L |y 2.6ev
/3,( B T J/ D )Lamp 1 Lamp 2
% L L e -
2. L6V )
(/Uhu\ Swz{‘ck
[ S GIOSL
ek i Measure d e C‘a‘]culatk'erV‘ E—— ,% lefere nce

(Previous Page) (See Page 2)

iy (Q éé[\/ ¥ o , 2609 J 227 g
Current Larﬁ 1 : ’W )
L 0y ;ﬁp; 0 2 2 m 30% 2614 7 %L@ L/ L/ézp
PowerLampl (9 7L/7‘/éCW> 0 as CW)( 0715'54 15? 227‘5 - L/éz

g

,,,,,,, \"2 éé(v)

2 éé(w : | /13 Z

4 0'2?‘{ m>< zw
0 é 7{{3[ W) 0 m M o 7 l‘ﬂ{ Qb{ 0 o 3.377%

e How well d1d you estimate the power and current through each lamp‘7

% {/(5'1\} 7(/1\" !p['f" 5 UD 76 f‘szJf"[Lf M NMauce h /ﬁf7¢_(‘

eftoxs P : Mgasurfw( Vo ltzge  Lwas U Sed
e What are thing that you could do to improve the prediction or calculated values?

Use Fl measured l}u({—zjg_

o  What are thingsthat you could do to improve the measured values?

(/{S‘e_, f{‘dbeﬁ mf” —-@“—— GII‘P oM ,‘,\s{-mp/ o‘F /jo,kf&

10

Lov

2/¢6/20/0
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What Was Observed?

o Which were brighter the lamps in parallel or the lamps in series? Pa ta ”L \

o Explain the circuit you came up with when trying to make the lamps shine the brightest?
P ara / ’ e l

« Can you now quantify the brightness by associating it with the power dissipation? }/55

How accurate is it to @ associate the brightness with the power dissipation'7

Sl S ?oopl est mation, The on ly other e L 1 7
He bulls o diss .{M‘/’L energy s 1‘4\“71« heat How h"’f 4 TR B
Fill in the table below using the power measured in the series and parallel circuits

Total Power
Lamp 1 + Lamp 2

0. 682 (W)

Power Lamp 1 Power Lamp 2

Series Circuit o 289 (W) 0. DElE (e w)
Parallel Circuit o 7 ,/lf] (w) o Ty € W) LIS w)
Factor j 5%4 230@ ,2 L/L/C]

(Parallel/Series)
By what factor on average were the lamps in parallel brighter than the series (< 1 Series cir-

B & e 5
cuit brighter, > 1 parallel circuit brighter)? 2.4 L{gl

.

Tl Pesisters ¥<S

Challenge Question:
Is there a way to calculate this factor algebraically (In the space below prove )? 1__’/@”/, w/ V,‘,Z",‘:’l: ne

(The equation ﬂw will help prove your answer,)
e ' T‘F 7‘1«‘— j&m/.is wefe l»jul r=5:sﬁr5 gm(; no‘f’
o fll-riy

a5
= = —\/,L = /\/»— ;’H\ J_emparq{urz we  (oul
Sevies - R A . L Ve 15 ‘f’l-:-fdil’r;l’l: \‘;’;’fﬁgs
v : fatehiel _ W kuff«/%f/»/ at 3V wdet
i = 1=~ P % &
/ e ! 8205 Ve e
| ) e Loa
b - IV- = Tt
- : \ - EE :
e ((l'-‘)'{lb)l Pfawld = /'g e 7 lp/u.l Case.
. s .
o th “M‘y‘ resisfonee. w5 o =) 48

eesured vollzres =
condk Yhe mees Vo li=ye. o . By = p.5820C ’?m.;m 4,98
2z

\/5 e A A, ’7I2A Ssexies T T (713
1eS 5
b= Ao TR ,Mf s Yot f 22 . H3L £ ¢l9)de0
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How to analyze circuits with more than two components

Start by replacing the parallel resistors with R1
a single resistor, Circuit 12-b shows the re- 0 IW\I
sulting circuit. fesishots in parallel Sum as 5
| L ‘a perellel
,ﬁ—c = ﬂl“ ﬂ'n.&ﬂ t-- &l ‘ap re ]l -~
. ViE=—— el
2153 |
= +
Qeé,'_ﬂ:rq/’n’ Rk
Circuit 12-a
R1
R, A%
Req_parale1 = R 2t ﬂs Q) +
Now that you have Req paaiiel Use the fact Vice——r Req_parallel
that R1 is in series with Req paranier to find ]
Requiv-
ﬁcs/‘s!-ms In  Sefies a-j”e
{l ’Z Circuit 12-b
5 o ﬂ s 1 ar 2 {_rz
(ﬁu.v R’A- 3
+
ViEe—s Requiv
[
p 5y ﬂ}
! R
Requiv= Ry* () Circuit 12-¢ ‘/ & 2 qv
LetR1=9.15 (Q), and R2 R3 =3.6 (©2), calculate the current through Requ,v ; s
v
i -7/S+Gé‘ = [0.95 2 g o s e o
fuiv 2(3.4 58 095

Current through  Tequy == aﬂ,?é L/g _BOAG TS (A
Using KCL find the current through R2 and R3.

=2 |85 (A) A«MJ.‘A;L S e Laisks He

I = (2121 (A) denn b w'v” be Sf}"+ bz,l‘u/u”\ {/LL
Foso resfs*‘ofg.

12

b

2714/ 2010
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How to analyze circuits with more than two components

Build this circuit and Lamp 1
measure the current
through each lamp. Enter A =
the measured values in ;
the spaces below.
- + -
(Groups may need to join Edars
in order to have enough ——— :@ Lamp 2 :@ Lamp 3
lamps.) | — —
: V]
Vi (’['u;,( Vo I‘}'D?e, s qu
‘ L
Voltage across Vigmp1= 2 . 17, ’ V) ®
Voltage across Viamp2= (. 9”/5 (V) (@)
Voltage across Vigmp3z = 0. L/ 47 { V> (@)
Current Thisusi Tamp T = 2 6/ (A)
Current Through Lamp 2 lizmp2= 0 | 2 L/ (A)
Current Through Lamp 3 ligmp3 = 0. [ (A)

How close is 1 Ljamp 1 to quuw 7 If the percent difference is more than 5% calculate Teosmg e Fe
lamp resistance rreasse == 228

Current through  Iequiv == 2l ,Zé %& (J(;u B ?,00 i 0 %32
VD=0 S0 (%)

jf;ur\)

Does the current through lamp 1 equal the sum of the current through lamp 2 and lamp 3?

X Piety clxe
e 0.2474,\\”7

- 1322 0O.26¢6
IQ-fZLg,é/f“{«‘O .

2/¢/ 20/
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How to use the KVL

Using Kirchhoff’s voltage law circuit
like the one to the right can be solve.
Three loops must be taken (left, right,
and bottom) these loops will yield 3
equations which are related. For con-
sistence choose loops that are clock-
wise, the dot represents the starting
position for each loop.

Note that the loops are thought of as
current loops since voltage is the
product of current and resistance. So
the current through R2 is the differ-
ence of the currents I1 and 12, see the
equations below for clarification.

Note that loop 3 or L3: is a loop
around the outer edge or the circuit.

Each equation need to be rearranged
collecting the I's together since they
are the unknowns

Use the given resistances to the right
for each lamp to eliminate all the R’s
and use the measured voltage for the
batteries in series to replace V1. Then
solve by hand or using a calculator to
find the currents 11, 12, 13, 14. Once
done build the circuit, measure the
current through each lamp and com-
pare with the calculated values.

R1 02674

e

e AR A
2795 - N ol & s e
R4 13\

ERLOSE oy \s
LLI:Rl-I1+R2(I1-12)-V1=0
12:R3-12+ R2(12-11) =0
L3:R4-13-V1+RI-[1+R3-12=0

Rearranged |

Ll: (Rl RON-R2 [ =V
L2+ RO J1+ (R3 % RO 2 =4)
5 Rl B3 12 R4 - IB-Ji

R1=9.14(Q) R3=3.61 ()
R2=3.61 (2) R4=72(Q)

Fill in the table below using the power measured in the series and parallel circuits

Calculated Measuréd ] % DifferenVcV:e' -
- 5 ALE SMITH | ~o.7552 |
| Bliz2 D. 132- @?
= e ;

)

14

2/6(20/0
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Use KVL to solve for the currents in this circuit

Similar to the previous page label
the loops, get the system of equa-
tions and solve for the current.

The space below had be provided
to write out the equations. Once
the currents have been calculated
build the circuit and measure the
current entering all the information
into the table below.

RI=706(2) R3=06.86(Q
R2=733(2) R4=6.82(2)

Wil =2 CI,‘Ig) ‘LRL(II_IQ-) 5Q

R2 (Z, -Tl) +R3(I2) —O
Y z3 ~+ R, (Z-T)=0

TL\L Cl&f\f&n“’ I)

Ve

298V

R4 01920 =7 73

? NN
== N

R1 ©,203 y =
S
17
il ? §R2 £'> R3

= 0.203(8 w

2

4

=

[0 ST o sibselys Vi
—RAZ, + [Ret 0T, =O
- RZ, t{fy* dde®

e SR M p[l'wd”[}/_ but

T, Should EQ ‘/ﬂ St mL EZAr Cullents [ato % /zm/;

Fill in the table below using the power measured in the series and parallel circuits

Calculated
1l o411 A
& 0. Lkl A
i 0. 2089 (A

Measured % Difference
0.1T2+10. 203=
5= 0S5 3. 8?70
0.20c(4) g5
O.)72-(4) 5.07%

v
2/6/ 210





