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1.1 Circuits Experiment Board

1. Use the wires to make connections between the springs on one light bulb to the springs
on the D-cell in such a way that the light will glow, sketch the wires connections, use the
symbols from the first page of this lab guide.

2. Reverse the two wires at the light. Does this have any effect on the operation? Reverse
the two wires at the cell. Does this have any effect on the operation? Explain.

1.2 Lights in Circuits
PART A

3. Connect the second light bulbs into the circuit in such a way that both of them are lighted.
Draw your circuit diagram. Is your original light the same brightness, or was it brighter or
dimmer than it was during step 1? Can you explain any differences in the brightness, or
why it is the same?
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4. Design a circuit that will allow you to light all three lights, with each one being equally
bright. Draw the circuit diagram. If you could characterize the circuit as being a series or
parallel circuit, which would it be? What happens if you unscrew one of the bulbs?
Explain.

5. Devise a circuit which will light two bulbs at the same intensity, but the third at a
different intensity. Draw the circuit diagram. What happens if you unscrew one of the
bulbs? Explain.

a) b) 5
iﬂﬂﬂnﬂ‘ﬁm (DU 10 j_IH‘HM_MHHH UL 0 Jﬂw | H‘HH_HWH |
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6. Connect the two D-cells into the circuit as shown in a). What is the effect on the
brightness of the light compared to only one D-cells case?
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9. Determine the nature of the connections between the D-cells you made in question 6-8.
Which of these was most useful in making the light brighter? Which was least
useful? Can you determine a reason why each behaved as it did?

=l Il
Pk

=== = I Il

Battery

10. Connect the circuit shown in the figure above. What is the effect of rotating the knob on
the device that is identified as a “Potentiometer?”
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1.3 Ohm’s Law

Resistance, ohm
Current, | Voltage, | Voltage/
No  ["Average value | The tolerance . %Error
amp volt Resistance
of R limit of R
1
2
3
4
5

11. Construct a graph of Current (vertical axis) vs. Resistance

13. Ohm’s Law states that current is given by the ratio of voltage/resistance. Does your data
concur with this? Use your data to prove your conclusion
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14. What were possible sources of experimental error in this lab? Would you expect each to
make your results larger or to make them smaller?
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A. SAME RESISTORS
Experimental data:
Colors Coded Measured % Error | Tolerance
1 ond 3rd 4t Resistance Resistance
#1
#2
#3
1. Resistances in Circuits
Circuits Values
R, R, R,
T I Ri=
« R, > Ros=
I-‘- Rza—)' R123=
Series < Rz >
A
Je«—R,—»| Ro=
12—
| R, I
Parallel R,
RZ
R1
4/\/\/\/7 Rys=
Ri23=
<t—— R— o |€e— R, ——»
« R, —— >
Combination

10 |
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Questions:

1. How does the % error compare to the coded tolerance for your resistors?

2. What is the apparent rule for combining equal resistances in series circuits? In parallel
circuits? In combination circuits? Cite evidence from your data to support your conclusions.

2. Voltages in Circuits

Circuits Values
Series
L R, = v, =
= + L | | | ! !
R R2 R3 R2 = \I2 =
= + & W + R3 = v3 =
R12 = _— v11‘ =
V12 )
Rza = Vza =
% vV, —>
R123_ v123_
< Vi, >
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=] | | |+
Parallel T
R, = v, =
R1
V1
4/v\R3/\/7 R123- V123-
Combination
R‘1 = V1 =
R23 = v23 =
R123 = V123 =
«— V,—>l«— V,, — >
<— V|234>
3. Currents in Circuits
Circuits Values
R, = I, =
Series R, = I, =
R3 = |2 =
R12 = IJ =
RZJ =
R123-

12 |
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Parallel

B. DIFFERENT RESISTORS

lst

2nd

Colors
3!‘(1

4th

Coded
Resistance

Measured
Resistance

% Error

Tolerance

13 |
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4. Resistances in Circuits

Circuits Values
R, Rq Rc
] I Rap=
5 RAB » RBC—
|= Ree —>» Rapc=
R -
Series = hee
RA
—f«—R, —>| Rap=
AN Roce
| |
| Ro 1 Rapc=
| AA A |
Parallel R
RB
AN (R
Ragc=
<t— R — > |l€«— R, ——»
. . :“ RABC }
Combination

3. What is the apparent rule for combining unequal resistances in series circuits? In
parallel circuits? In combination circuits? Cite evidence from your data to support your
conclusions.
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5. Voltages in Circuits

Circuits Values
Series
R, = v, =
R, R, = Vv, =
s Rc = Vc =
RAE= VAB=
R = vV =
> BC BC
-« Vm } AHC— VAB!I—
=] | | |+
Parallel T
R, = Vv, =
R1
<\ R, = v
V1
R R = V., .=

Combination

R1 = V1 =
R23 = v23 =
R123 = V123 =

«— V,—>l€«— V,,—>

‘7 V|23 ————————>

15 |
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6. Currents in Circuits

Circuits Values

R, = IU =

Series R = I, =
-m+ +||| -\

P e p R, = I, =
Ra RB Rc

2O 0, R, = =

Id =

Parallel -

R, = IU =

RB = I_A =

R, = I, =

RABC = |C =

Id =

R1 = |u =

R2 = |1 =

R3 = |2 =

R123 = I3 =

I, =

16 |
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LAB REPORT 3
LRC Circuits
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1. LC Oscillations

Theoretical values:

INAUCTANICE: ...ttt et e e e st e e st e e st e e st e e saneeeane
LG o To3 1 721 s Lo SRS
Angular freqUENCY (LNEOTY): ...eiiiiiiiiiiiiiiie ettt ettt e et e st e e st e e s e e nans
Experimental data:

Time at MAX/MIN CUITEIIE! ...eeritiiiiiniieeiieeie ettt ettt st ebe e st e e bt esbeesabe e bt e e bt e saeeeateesaeeenneenane
Time at NEXt MAX/MIN CUITEIIE: .euvvirurieiieriiieieeniteeiee et et stteete e st e e bt eseeeebeesaeeebeesaneereesaneenneenane
TIME AITEIEINCE: ...eiiniiiiiiiiiie et ettt et s bt e et e st e e e
POrIOA: et ettt et e et e et e et e et e e et e e
LINEAr fIEQUENCY: .oeiniiiiiiiiiiiiieeee et ettt ettt e sttt e st e e et e e eabee e sabeeeeane

Angular freqUENCy (EXPEIIMENL): ..cccuveiruieiiiieeiiieeeiee ettt e et e et e et eeebbeeebbeesbeeesabeeesabeeenanes

2. Resistive Circuit

RESISTANCE: ...ttt ettt ettt e et e st e e et e e et e e e e bt eesabteesabteesabeeeeabeeeanee
Period of the AC VOITAZE: ....oooviiiiiiieiieeee e e
Time at MAX/MIN CUITEIL! ..eou.viiiiiiiiiiteetiee ettt ettt sate e et e e bt e e e bt e e s bbeesbteesabeeesabeeesabeeenans
Time at MaX/MIN VOILAZE: ..cccuvieiieiieiiiieeiiie ettt et e et e et e et eeeaaeeesateesssaeesabeeesaseeeanes
TIME AIUTEIEICE: ....eiiieiiieiee ettt ettt et e e
Phase diffEereNCe: ........oouiiiiiiiiii ettt et

Compare the phase difference with the value predicted by theory: ........cccccceevviiiniiiiniiiinieeeee,
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3. Capacitive Circuit

L o To3 1 721 s Lo SRR
Period of the AC VOILAZE: ....couiiiiiiiiieieee ettt ettt ettt e
Time at MAX/MIN CUITEIE: ....eoiuiiiiiiiiiiiiie ettt ettt ettt e st e e bt esbbeeabeesbeeeabeesabeeabeesaeeenseenaee
Time at MaX/MIN VOILAZE: ..cocuvieiiiiieiiiieiiiie ettt ettt et e et e et e e st e e s bee e sbeeesabeeenans
TIME AIUTEIEICE: ....eiiiiiiiiiiee ettt st
Phase diffEerenCe: ........cooiiiiiiiii e

Compare the phase difference with the value predicted by theory: ........ccccceviiiiiiiiiniiiiniienne.

4. Inductive Circuit

INAUCTANCE: ...ttt ettt et e be e st et esaee e e nane
Period of the AC VOILAZE: ..cccuviiieiieiiieeee ettt ettt e st e e s be e e s be e e sabeeenanes
Time at MAX/MIN CUITEIIED ...eeiutiiiieriieeiieeite ettt ettt ettt e st e et esbeesabeesbeeeabeesaeesbeesaneeaneenane
Time at MaX/MIN VOILAZE: ..ccuvieiriiiiiiiieiiiee ettt ettt et e et e e et e e s bteessbaeesabeeesaseeenanes
TIME AIUTEIEICE: ....eiiiiiiiieeee ettt et ettt e e
Phase differenCe: .......oviiiieiieeeeee ettt e e e e e st e e e e e e e e baee e e e nraeeeenes

Compare the phase difference with the value predicted by theory: ...

5. LRC Circuit

INAUCTANCE: ...ttt ettt ettt e b e st e bt et e sbe e et e e saee e b enaee
RESISTANICE: .ttt ettt e et e e bt e e e bt e e e bt e e e bt e sabbeesabeeesabeeenans
CAPACTLANICE: ...ttt ettt ettt ettt s e et s e et sat e et e s et e b e sat e e be e et e e saeeeaneesaneenneennne

Frequency at which current reaches itS Max: .......ccocceoiiiiiiiiiiiiiiiiiieeeee e

19 |
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D, INAUCTANCE: ...ttt e et e st e st e st ae e s abe e e sabeeenane
RESISTAINCE: ....eiutieiiieit ettt ettt et et e bt e sab e e bt e e ab e e bt e eabeeebeeeabeesbbeeabeesaeeenbeenaee
L2 o To3 1 721 s Lo SRS
Frequency at which current reaches itS MaX: ......ccceevieeiiiiiiiiiienieee e

Compare the angular frequency in LRC circuit with the one in LC Oscillations. Does the
frequency change when the resistance changes?

Does the resistance affect the high of the peak? If yes, show your experimental data and
explain.

20 |
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LAB REPORT 4
Kirchhoff’s Laws
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Experimental Data:

Table 4.1
Resistance ((2) Voltage (V) Current (mA)
R, Vi L
R; Va L
R3 V3 I
R4 \ I
Rs Vs Is
Rrotal Votal Irotal

Using the schematic of the circuit, calculate the total resistance of the circuit. Record the value
in the Table. 4.1. Based on the calculated resistance and the voltage across A and B, calculate
the theoretical value of the current using Ohm’s Law.

Current (theoretical) = A
Calculate the percent difference between the theoretical current and the measured current:

Gedliff= theoretical-measured < 100%

theoretical

Write down the Kirchhoff’s current law at the junctions A, B, C, and D into the table below.
Use the experimental data above to find the net current flowing into (or out of) the junctions.

Junction Kirchhoff’s current law Current (mA, Current (mA,
calculation) measure)
Irotal Irotal
B Irotar Irotar
I, I,

22|
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D I I

Compare the currents calculated from Kirchhoff’s current law and those measured from
experiment. Does the Kirchhoff’s current law hold true in the experiment?

Write down the Kirchhoff’s voltage law for 4 different loops. For each loop, use the
experimental data above to find the potential difference between a chosen component.

Loop Kirchhoff’s voltage law Voltage (V, Voltage (V,
calculation) measure)
VR R3R4 Vi Vi
VR,R3Rs V3 V3
VR |R3R; Vi Vi
VR,R;3Ry Vs Va

Compare the voltages calculated and those measured from experiment. Does the Kirchhoff’s
voltage law hold true in the experiment?
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Experimental Data:

Resistance () Voltage (V) Current (mA)
R, Vv, I
R, V, I
R; V3 I
R4 \ I
Rs Vs Is
Vo Io
Vo Ioz

Write down the Kirchhoff’s current law at the junctions A and B into the table below. Use
the experimental data above to find the net current flowing into (or out of) the junctions.

Junctio Kirchhoff’s current law Current (mA, Current (mA,
n calculation) measure)
A I 16)
B Is Is

Compare the currents calculated from Kirchhoff’s current law and those measured from
experiment. Does the Kirchhoff’s current law hold true in the experiment?
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Write down the Kirchhoff’s voltage law for 3 different loops. For each loop, use the
experimental data above to find the potential difference between a chosen component.

Loop Kirchhoff’s voltage law Voltage (V, Voltage (V,
calculation) measure)
V1R1R2R3 V] Vl
V2R5R3R4 V3 V3
ViRiR;R4V; V4 V4
Rs

Compare the voltages calculated and those measured from experiment. Does the Kirchhoff’s
voltage law hold true in the experiment?

25 |
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LAB REPORT 5
RC Circuit
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PROCEDURE A:
Charging the Capacitor
Theoretical Experimental Determinations of the Time Constant
1 2 3
Texp L Texp Thun ~ L
exp 9
R c Tiheo (time to (time to _hp
63% Vi) | 50% In2
Vmax)
Case
1
%
errors:
Case
2
%
errors:
Case
3
%
errors:

27|
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PROCEDURE B:
Discharging the Capacitor R
Applied
voltage (rl_l)
||
I
c
Theoretical Discharging Half Time Time
Process Life constant
constant
tl/ 2 2-exp
Started | 50% 37% fo ¢ exp P
R C 7=RC at 1, max max e e _ Lis e
tSO% t37% ln 2
Case
1
%
Errors:
f=
Case
2
%
Errors:
f =
Case
3
%
Errors:
f =
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QUESTIONS PROCEDURE A:
Charging the Capacitor

1. Compare the time constants of the three circuits: When was 7, longer, when R was

high or when R was low?

2. Compare the times to fully charge. When was 7, longer, when 7, was long or when

7., Was short?

3. Given thatg = CV , what was the maximum current stored in the capacitor in each case?

Show the calculations here:
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4. What are some factors that could account for the difference between the theoretical and
experimental values? Which experimental value of time constant, if any, has the largest
uncertainty? Explain.

QUESTIONS PROCEDURE B:
Discharging the Capacitor
1. Was the half-life for charging the same as the half-life for discharging?
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LAB REPORT 6
LR Circuit
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Date of Report:
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Applied
voltage @)

Experimental data:

a.

Item

Value

Inductor resistance

Resistor resistance

Total resistance

Time at peak voltage

Time at half-maximum voltage

Time to reach half-maximum

Item

Value

Inductor resistance

Resistor resistance

Total resistance

Time at peak voltage

Time at half-maximum voltage

Time to reach half-maximum

— hn
z-_1112
— L
T=%

33|
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Questions:

1. How does the inductive time constant found in this experiment compare to the theoretical
value given by 7 = % ? (Remember that R is the total resistance of the circuit and

therefore must include the resistance of the coil as well as the resistance of the resistor.)

2. Does Kirchhoff’s Loop Rule hold at all times? Use the graphs to check it for at least three
different times. Does the sum of the voltages across the resistor and the inductor equal the
source voltage at any given time?
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3. How does the value of the resistor effect to the inductive time constant t?

Extension

Item Value

Time at peak voltage

Time at half-maximum voltage

Time to reach half-maximum

From the table above, calculate the new value of inductance. How does the iron core affect to
the value of the inductance?
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LAB REPORT 7
Magnetic Fields of Coils

Date of Experiment:

Date of Report:

Members:
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1. What is the purpose of the experiment?

3. Magnetic fields of a single coil (attach the graph describing the magnetic field strength
along the axis perpendicular to the coil plane and through the center of the coil in the report):
Base on your graph, does the theoretical line fit the experimental data everywhere? Explain.
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4. Magnetic fields of two coils (attach the graphs describing the magnetic field strength along
the axis perpendicular to the coil planes and through the center of the coils in three cases

d=5.25cm, d =10.5cm, and d =15.75¢cm in the report): Base on your graphs,
do the theoretical lines fit the experimental data everywhere? Explain.

5. Magnetic fields of a solenoid (attach the graph describing the magnetic field strength as a
function of location in the report): Calculate the magnetic field strength inside the solenoid.
Compare with the value found from your experimental data.

38 |
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LAB REPORT 8
The e/m Experiment

Date of Experiment:

Date of Report:
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1. What is the purpose of the experiment?

3. Base on your experimental results, how does the radius of electron’s path change when

a. the accelerating potential increase/decrease? Explain.
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b. the current in the Helmholtz coils increase/decrease? Explain.
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5. Compare your average e/m ratio with the standard value? Explain factors in the experiment
that can affect the result.

42|
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