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Light bulb Multimeter
Lam / Measure A multimeter can
P -

= Voltage measure the voltage

' R or the current. Ex-
}‘-“ amples below show
: how to measure cur-

Neasute rent or voltage and

the circuits that are
consistent with the
pictures

Light bulbs we are using in this lesson do not

have a polarity, there is not + or - . Current

Battery

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 lefi is negative. ered,

How to measure voltage: How to measure current:

» ; i
| Measure current by making the multimeter part
7 R e of the circuit.

Measure the voltage across a circuit element.

+
Battery —— — @Lamp Battery__.___+ Lamp
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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 AN
through a component given a resistance R. ‘

Via—=aid R vim—

[+ =y

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
-V]+VR|+VR2=0 =7

Vi= VR|+VR2 = V1 ::.!- Requiv
V1 =IgR1+Ig, R2 — =
Iz =1 r» because current is constant
V1 = [(R1+R2) —
S0 Reguiv = RI+R2
Kirchhoff’s voltage law (KCL)
o  Kirchhoff's current law states that the current into a node must be equal to the current exiting a node.
s  KCL can be used to show how resistors add in parallel.
Lin IR2 At the node the current from the battery comes in and
gets split between R1 and R2.
i%i Lip-Ir1-Ira=0 —
+ Lin=Iritlre =
Vi iy R2 T, = (VR/R1)H(Vre /R2) —
G Vi =V g2 =V1, because the voltage across both resis-
tors is the same and equal to V1

I;, = V1(1/R1+1/R2) —
I, = VI((RI+R2)/R1*R2) —
Rearrange to look like Ohm’s Law

V1 =I(R1*R2/(R1+R2)) —
Requiv SD -, Rl * R2
“"¥  R1+R2

2

Vil

2/6/20(0
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Diagram a Circuit

Using the items listed below determine the

Ohms Law Worksheet 1

circuit that makes the two light the brightest
e 2 lamps

e 2 batteries brightest

In the space below draw the circuit diagram
of the circuit which made the light bulbs the

o Jumper wires

Brightest Lamp Circuit Diagram

yE
T

angﬂuzr Lo mmon S/M}E/
/ A
a Aawmp 15 @

o

Symbol Reference
Lamp

it
_|'_|
o/o

KnifeSwitch

Battery

Wire

s 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)

Battery 1 _ /. 531 V)
Battery2__J. SO V)

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 V= 3 .03 1' (V)
s Measure the total voltage supplied to circuit
Total Measured Voltage Supplied to Circuit Vi = 3 .03 V)

Calculate the % Difference=__ (0.0 3 2 (%)

wpist] Lo =V
v,

T

J-IOO%

L/6/0/0
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Ohms Law Worksheet 1

Lamps in Series - Measure the Voltage

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

Lamp 1 Voltage |V, = _Lﬁ(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. )

s Measure the positive voltage across lamp 2

Lamp 2 Voltage [Vio|= . 455 (V)

3V

-l oy

Lamp 1

KnifeSwitch
=

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.

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

NV H Vil Ve =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: =V + Vi +Vga=00r Vi=Vg; +Vr2

So we can label the polarity of each component as

Check: |].426V]+ (] 455V = [2.881 V |
VR]

wl\-:{,}’\ r.":': CJOSQ_ MM&-

Is this close to
V1?

Viz

and measure the voltage across lamp |
Lamp 1 Voltage V, = . 426 (V)
(Place the red probe on the plus side and the black
on the negative side )
®  Measure the voltage across lamp 2

Lamp 2 Voltage Vi, =_]. Y55 (V)

&Fer_:l‘cae 30\/ &

®  Using the convention above label the circuit to the right

3V

e

KnifeSwitch

|||+

Circuit with 2 lamps in series

b

L/&/ 200
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Lamps in Series - Measure the Current

» Now that we know the voltage across each —o/
lamp lets measure the current through each KnifeSwitch
lamp. SV:__-_'- Lamp 1
s Voltage can be thought of as the potential =
of getting something done. You can also Lane2

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

@urrent through Lamp | = Current through Lal'rﬂ)

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

5.

The Current ato a nodeWhy?
must be cpual fo 'f’iw. cuitent ot

Tlu.n_ IS only one pa“ﬂn Fﬂf‘ *LL current S0 o cattents mest

be He same,

You know that to measure the current you have to include the multimeter 1nt0 the circuit draw
two circuit below to measure the current in lamp 1 and lamp 2. yass Hmete £

Citew't o measure ocd E,l.all-lumbc_
I" or f(utreat "‘H’\féu- h ?‘ob“-
o Lﬂ.l‘l‘l? ‘. Lo,‘P[
bAlD)
’ Lart?l

a/6/20/0
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Ohms Law Worksheet 1

Lamps in Series - Measure the Current Cont.

+ Time to measure the current, start by changing the setting on the
multimeter to the ones shown in the picture to the right

o Using the circuit diagram below measure the current through

each of the lamps.

KnifeSwitch

Vim=—=

(1) - Circuit to measure current in lamp 1

« If you have the circuit built from the last
page disconnect the jumper wire that con-
nected lamp 1 to the switch.

» Touch the red probe to the open end of the
switch.

» Touch the black probe to the end of the
lamp | that is not connected to anything.

+ Record the current

Lamp 1 Current Iy = 0. 202 (a)
(where [ is the standard symbol for current and
(A) stands for Amperes which is C's, or Cou-

lombs per second.)

Compare the currents: :ELI = IL.‘.L

‘Was your hypothesis correct?

Ves

Vi

(2) - Circuit to measure current in lamp 2
e From (1) reconnect lamp 1 to the switch

and disconnect the jumper connecting the
lamps together.

o Touch the red probe to the unconnected
side of lamp 1.

e Touch the black probe to the end of the
lamp 2 that does not connected to any-
thing.

¢ Record the current

Lamp 2 Current [, = () 202 (A)
(where I is the standard symbol for current

and (A) stands for Amperes which is C/s, or

Coulombs per second.)

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.
e 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.

| 426 (W) x| 0.202 (A= | 28805 W-p,

fi}* £L= O0.58196W

Via (V) Iy (A) Lamp 1 Power (W)
wat's
|.45(V) |x| 0.202 (A)|=| p. 2939 (W)|=p,
Viz (V) 12 (A) Lamp 2 Power (W)
What is the resistance

In the space below rearrange Ohm’s law to solve for the resistance.
g 0 hm's g V Answer written
38 sl vfp Tl Fr e e
SE v
5% e
;g =)

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

Answer written

I. Lfg-é neatly
" = 594n
RL\’ el 2ol 7 0 Q“: 7 061

Lamp 1 Resistance
Using Ohm’s Law

Answer written

?v neatly

g |.4s5 02 0

c_'g_) QL,’L:‘ ._5—31——0'5- = 7 Q 2!.2: 7 200
§

Lamp 2 Resistance

L

2/6/2el0
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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 summarizging the collected data:
Voltage supplied by the Batteries: 3. o3 V)

Not under a load

Voltage across Lamp | V;: J L/,U» (V) ._/

55‘ KnifeSwitch
Voltage across Lamp 2 Vi2: | (V) +
BV ——— Lamp 1
Current through Lamp 1 I;;:_ { ) .202 (V) =
Lamp 2
Current through Lamp 2 1;,: 0. 202 V)
Calculated resistance Lamp 1 Ry ;: 7 06 (Q) Circuit with 2 lamps in series

Calculated resistance Lamp 2 Ry»: 72-0 (©2)

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 £.
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 ;: / ?Sl ()
Measured resistance Lamp 2 Ry: / . é 6- (£2)
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 + Rp2 — Reguiv: 3 é (€2)

303 _
Calculated Current I, using Ohm’s law V=IRoquy, [=_ 77~ ~ 0.8417 (A)

Average Measured current I ;5 avg= 0. 202 (A)

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

+ Howdo the two currentscompare?: ot wed |  Hhete 15 an ertox of 759777

e Can Ohm’s Law be used to predict circuit response?: & ¢cco fa"’:'ndq *fo ‘J’/élffs ﬂo-!

c - . I. M
T}\ feason Fheser s Adicogreem E
Lomes o the fzet Huz‘f' He

fesistance o 1 ,ﬂq‘g]\"i' b lh Qﬁ‘“vgzs é’u

When Lt => Students Shald Hse Wep:escilf:lziwg 2/¢6/2e/0
! n .
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Lamps in Parallel

s From the previous page you know that re-
sistance is temperature dependent. The par- ;
allel circuit should be similar to the one
you built on page 3 and is brighter than the Vv = @Lamp . :@LampZ
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.

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

T
—

L,
L8]

Scaled R1 = (14)(7.06 2) ’75?4((1) ScaledR2=_/O. 08 (2 Q)

% nswer written
e U
§0 2 :
35" 7,7 0.30%
=8 o SWisp 097l
EG S -~ w08 = 0.298 )
o] é L,= O

e What voltage did you use and why? \ .
3 V bC(auS‘t_ 'f’i\s“l" r‘S Wka'f ‘]VLL (,{{gu,n{' p!'- R;qu“' 5)\0“,5
g

. P =xv= (0.304m)(3V) = OGITW e
Bl - w
22 Pl_o,‘i!“i

2 -y ‘SQW nswer written
f_:“.: P = ,1;\/3 = {0‘2?344') C‘BV) = 0.812 & n-eﬂtl)flt
il p-0893W
]

Lo

2 /¢! 2000
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Lamps in Parallel - Build and Measure

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

2/7/2010

t.
o rIfilrl in the measured va]ugs below the circuit
.L(nifeSwitch + 2LV VA%
/}(—:: T J/ D )Lamp ’1) D )Lamp 2
¢ - Wl *
9 L6y I
Wl“" Swr{"f'l\
|5 close
Measured Calculated % Difference
(Previous Page) (See Page 2)
Voltage Lamp 1 3W) i 2 60
(Vir) . é‘é‘(\/) 1.5 | 0%
))
Curre:llt[};amp 1 0. 281 (A) 0.30 '75‘“ ﬁ\) 7 ‘:Té(-%l A
Powe(:i,]:;mp] @7?7"/@ CW) 0-94 CW)E 0‘7.'5;3) !3’.22‘7‘; ;-‘7’ ‘/éZ
Voltage Lamp 2 2 éé(\/) ) \lz.eé(v) NPT
(Vi) 1 { : =
Current Lamp 2 0. 29% L)
Ll Mo i .
Powe&LampZ 04:7@3(5{/) 0- s"?grmt 0,70}?4 ,’Zl»fo/ﬁ'ﬂg 37Z
12) {

e How well did you estimate the power and current through each lamp"

ﬂ- E/{SM}. —f’i« iolen] o [Hege [‘rg,u..“'-u( A e h jﬁer—f'
erie<s an e g Mﬂﬁsuﬂ"( re J’h;;_ Loss o Sed.
»  What are thing that you could do to improve the prediction or calculated values?

Use o measured wr’{-ujL

e What are thingsthat you could do to improve the measured values?
USL’ )g\“dbes 'ﬁ\ai‘_ P (_',fr'p on ;ns'f“fﬁj EF fo:k?“s,
10

Lo

2/¢ | 20/0
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What Was Observed?

Which were brighter the lamps in parallel or the lamps in series? Pa ra “f- \

Explain the circuit you came up with when trying to make the lamps shine the brightest?

Pa]""ﬁ”&l

Can you now quantify the brightness by associating it with the power dissipation? }/C_S‘

How accurate is it to s® associate the bright;%ss with the p%wer dissipa’gon?
I'l' rs o ;ooal es 1+ ma'ﬁ‘r'o ¥y, £ o lf SUREY e & ) "}
—f’f;.,,, bull 4o o!L.SS ;Iaaft_ enerqy /s ‘Vt\fé?l\ heat How hot did +he ,0;,..‘]9520{‘ "

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

Power Lamp | Power Lamp 2 Total Power
Lamp 1 + Lamp 2
Series Circuit . 289 ( w) o.29 4 (W) ) 582 CW)

Parallel Circuit o TITWY o 478 (w) ). 425 (w)

{Para}l:?ecljtfglt-aries) '2 3 59 L[ 2 . 306 ,2 {7“"/ Cf

« By what factor on average were the lamps in parallel brighter than the series (< 1 Series cir-
cuit brighter, > 1 parallel circuit brighter)? 2.4 q,;l

Tobal fesishes Y5

Challenge Question:
[s there a way to calculate this factor algebraically (In the space below prove )? s ﬂﬁm /s w/ Vir -'.-‘ ;11: he.
res

(The equation am#ﬁmgv will help prove your answer) - -
on ML : T‘F _IVL’_ .&W\PS wefe ]I'FCQI F=5r5‘)(vf5) d;pf ﬂ"?_ )
9 oul ‘{ t) o ’H"" 'F‘ llo- h

2
G e M R s .
Ser|es = R : ﬂLHZLz Ve & ﬁ ‘J(ur'ﬂw-f -.'F {L“ batlesies
I | _____‘l'{__-——» ppete 1 dex | 'Ha_ W“’?"
v (_paatel _ [ Ruta = weuld, shay ot 3V ek
V=IR = T =- : L 8 a ad
E /L i et
g A Y 2,4 Run
P = x - R - ﬂ‘_.. L2 | 98—
Pasali.| 2 ) P e e 0{ ’ CaSe.
B EEER ) Pocallel = /(x | ples
as ,'+ 'S uSe 'H“ K(,U‘C-'f‘gc fefar_l;'h'urf_“n- .) 1 P:""'.‘s ‘-2-{/__ _ = E= = ..-——(2 ‘51 e
cenok Yhe mecsured \Jon_;:s e o P 29> b.S820C )?DM‘;’ 3 =) YIs
=2

VS‘H’;PS = ‘2' gf{v Q‘S“.‘u 7 5""}5 3 2 L 7"-2)
= ‘fﬁgﬂ. ]Dpa.mu;t/‘p . 94-2 ’7’3,( W

V:Pa rale] : 2‘ cev R;’ni‘xl‘h!
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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- 1 m

sulting circuit. fLesi'stots /n P""”"I Sum as o

= 'L 'L “L * /o |Iﬂ (- G-HL Il
-é— = it & ﬂ;f' &ll ia per A
t V1 R2 R3
= N \
2"’5‘_ )ﬁkmﬂnf R.z !Qa .
Circuit 12-a
R1
TR, AN
Req_paralie1 = R L+ R () -
Now that you have Req paraner use the fact Viiee———— Roy paais
that R1 is in series with Rey paraer to find 1
Requiv-
QCSJ‘S‘!‘(X\‘S e SetieS aJﬁ’P
Circuit 12-b
LY
So . = R+
Guiv 1 Rt Qj
+
NT— Requiv
|
p; ﬂJ
Ry
Requiv= R,* Ry @ Cireuit 12-c vi= 21V

Let R1 =9.15 (£2), and R2 = R3 = 3.6 (), calculate the current through Requiy, ﬁ""“‘

1 - 3{,\2 = S = = = < r-_g__?._l-} = 0. Q-LL,’Ig
Re = TR et Vo T s

Current through Loq, == gﬂf?é L{S) (A)
Using KCL find the current through R2 and R3.
=0.132 @ eordig 15 His Ram Py 50 fie

m=(0-132 @ Carrant will be split betueen Hew
';Tl-’o 'res:.s,‘{'a-rg_

12

Lo

2761 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 4 -
the measured values in
the spaces below.
+ +
(Groups may need to join +
in order to have enough —_— :@Lamp 2 :@Lamp 3
lamps.) ! e =
Vi
Gctuel wolfege 2= 214
L
Voltage across Vigmp 1= 2 . L) l &) )
Voltage across Vigmp2 = O ‘7/‘/5 (V) (@)
Voltage across Vigmps=__ O Y47 V) @)
Current Through Lamp | liamp 1= O. :2 67 (A)
Current Through Lamp 2 liymp2= 0. I3 '7( (A)
Current Through Lamp 3 ligmp3= 0. 132 (A)

How close is | Iizmp 1 10 Lequiv 7 If the percent difference is more than 5% calculate Topmasmgde He
lamp resistance measuredssivone.

Current through Leguiy==_O. é?/f (A) (I'Z“""_ Ir)?'ag =-0 %’SZ

%Difference = ~ &?3 Z_ (%) I,},w,v

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

o . _Dr:‘. 9'655
L= 0,%’74,4\;7

e 24 + 0. 132 = 0.2t6
’21‘11«3' al 13

2/¢/20/0
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Ohms Law Worksheet 1

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-

R1 0.267#

—ANN .

hA :'—i, % Rz.’r-,IZI R3

e Il ,
wise, the dot represents the starting 2.7 Vi) = -:'-,,:___:_.. I 0. .'172@ / 1R

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 11 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 I1, 12, I3, 14. Once

L1:R1-T1+R2(I1-12)-V1=0
L2:R3-12+R2(12-11)=0
L3:R4-I3-V1+RI-T1+R3-12=0

Rearranged |

LL:(RI+R2)I1-R2-12 =V1
L2:-R2-11+(R3+R2)I2=0
L3:R1-11+R3-12+R4-13=V1

done build the circuit, measure the
current through each lamp and com-
pare with the calculated values.

R1=9.14 (2) R3=3.61(Q)
R2=3.61 (@ R4=72(0)

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

Calculated
I1
0 .25
12
O 32
I3

EE)

Measured % Difference
oONET = @55

. 132- 07
(4 oZ

2/6/2or0
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Ohms Law Worksheet 1

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.

R4 0.1920 =7 73

RI=7.06(2) R3=636(2) | yg57

R2=733(2) R4=6.82(2)

\Véy

§R2 ﬂ) RS
0.203(8y 0.206(8)

e

4

~VI +R | (Z,~-T;) tR.(z-L) =0
R2 (I, -T|) +R3(T12) =—0O
RY I3 + R, (Z-T)=0

‘J/L{. Curveat

LL -f’l.,,_ St oF f&F; Cultents .o 7%/\._ /’lwofé

Ly Showld

c&MnojL‘ b~ M¢A5u£|"ro/

FAD

(Q| 1R, L~ R Ta~ R Is= VI
= —-RIIL=+ LRJ.HQ3)IA e
=00 f(‘ﬂq“-ﬂl)‘jj =

drivectly . but

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

Calculated Measured
I 0.1f2+0. 203=
O A LT gas
& 0. 211 R | 0 20c(A)
S 0. 2081 (A | o
O. )72 (4)

% Difference

28
2.95%

§.07%

2/6/2c0



