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Name ___________

OHM’S LAW

I.  INTRODUCTION

The objective of this experiment is to measure the potential difference V across and the electric current I through two circuit elements, and to determine whether the relationship between V and I for a particular circuit element is consistent with Ohm’s Law.  Ohm’s Law states that the current I through a resistor is directly proportional to the voltage across the resistor V, and inversely proportional to the resistance, R, of the circuit.  Mathematically this is written as   I = V/R.

II.  APPARATUS
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Decade Resistance Box ■ Voltmeter ■ Ammeter ■ Power Supply ■ Lamp ■ Diode Alligator Clips ■ Computer with Graphical Analysis ■ Connecting Wires
Figure 1

III.  EXPERIMENTAL PROCEDURE

IMPORTANT NOTES:  

A.  when measuring resistance make sure that power supply is turned off
B.  at no time (not even for an instant) should you have zero resistance in 

       the circuit while the power supply is on.

C.  never connect ammeter across electrical element, but in series.

1.   CONSTANT R

1.
Wire the circuit as shown in Figure (1).  With the power supply disconnected, set the 

        resistance box to 200 Ω.  Measure the resistance with the power supply disconnected 


and record it in a data table.   Next, set the ammeter to the 40 mA scale. 


Important note:  you should always set the ammeter to the largest possible scale and 


move it down to accommodate the measured values of the current that give you the 


maximum precision.

2.
Have the instructor check the circuit before you turn the power on. 

 
Now turn the power on and increase the voltage until the current is about 5 mA. Measure the current through and the voltage across the resistor and record the values in your data table.  The 5 mA given here is a nominal value and you should not spend valuable time trying to get the current to be exactly 5 mA.

3.
Repeat this process for a total of 7 data points going up in increments of 


approximately 5 mA.  Each time record the current and the voltage in the data 


table.
2.
CONSTANT V 

4.
Set the decade resistance box to 200 Ω and measure the resistance with the power supply disconnected.   Next, connect the power supply to the resistance box and set  the voltage across the resistor to V = 7.5 volts. Measure the current and record the value in the data table.

5.
Repeat step (4) for a total of 7 data points each time increasing the resistance 

by 50 Ω. Do not ever cut out all resistance. You should check the voltage across the resistance box and maintain it at 7.5 V.  This may require you to make small adjustments in the voltage of the power supply.  Note:  you may want to measure the resistance first before building your circuit.
3.  CONSTANT I (optional)
6. 
Set the resistance box to 50 Ω. Making sure that the power is disconnected, measure the resistance.

7.
Connect the power supply and increase the voltage until the ammeter reads a current of approximately 40 mA.

8.  
Measure the voltage across the resistor and record the values in the data table.  

9.
Repeat steps 6, 7 and 8 for a total of 7 data points each time increasing the resistance 


by 50 Ω and increasing the voltage of the power supply until the electric current is 


the same as before. Note:  you may want to measure the resistances first before 


building your circuit.

4.  LIGHT BULB
10.
Replace the resistance decade box with the tungsten lamp, which becomes the element under study.  We would like to see if the tungsten filament of the lamp obeys Ohm’s law.  Note:  the power supply connects to the lamp through a current-limiting 40 Ω resistance through the decade box.  We would like to obtain 7 data points before the lamp starts to glow, and 7 data points after the lamp glows.  

11.
Gently increase the voltage of the power supply until the ammeter reads around 

10mA. Measure and record the voltage across the filament and record the current and the voltage in the data table. Increase current by 10ma for a total of 7 data sets.
12.
Repeat the above step each time increasing the current by 10 mA and measuring the voltage.  Keep an eye on the light bulb to see when the filament begins to glow.  Note the current and the voltage when this happens.  The filament begins to glow around 50 mA, but this may vary from filament to filament.

13.
Take 7 more data points after the bulb begins to glow each time increasing the current by approximately 10 mA and measuring the voltage corresponding to this current.  Do not exceed the maximum filament voltage, which is 12 Volts.  Now turn the power supply off.

IV.  ANALYSIS  (attach these graphs to the lab and hand in)
1.
For procedure (1), plot V on the vertical axis vs. I on the horizontal axis.  Draw the best straight line “fit” for the data.  Calculate the slope of this line, (which is the experimental R) and compare it to the measured R by calculating the % difference.  Write the slope and the % difference on the same sheet as the graph.

2.
For procedure (2), plot I on the vertical axis vs. 1/R on the horizontal axis.  Find the best straight line “fit” for the data.  Find the slope of this line and compare it to the constant voltage by calculating the percent difference.  Note that the horizontal axis is 1/R. Record your slope and % difference on graph paper.

3.
For procedure (3), plot V on the vertical axis vs. R on the horizontal axis. Find the best straight line “fit” for the data.  Find the slope for this line and compare it to the constant current by calculating the % difference.  Record your slope and % difference on the graph paper.  

4.
For procedure (4), plot V on the vertical axis vs. I on the horizontal axis.  Find the smooth curve that best fits the data.  


(a)
 Calculate the filament “cold” resistance by finding the slope of the tangent to the graph before the bulb started to glow.  Draw the tangent at the beginning of “cold” range.

(b)  Calculate the filament “hot” resistance by finding the slope of the tangent to the graph after the bulb started to glow.  Draw the tangent at the end of the “hot” range.

Record your information on the graph.

DATA TABLES ----------------------------------------------------------------------
CONSTANT R (≈ 200Ω)

 CONSTANT V (≈7.5V)



	Current I, Amps          (x)
	Voltage V,

Volts           (y)
	+

+
	Resistance, R

Ohms
	1/R

1/Ohms       (x)
	Current I, Amps          (y)

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	

	
	
	+

+
	
	
	


Measured  R =       ____________             Measured  V =      ___________

R from graph  =      ___________              V from graph  =    ___________

% difference =         ___________               % difference =    ___________ 

CONSTANT I (optional) (≈40ma)          LIGHT BULB FILAMENT


	Resistance, R

Ohms               (x)
	Voltage, V

Volts                (y)
	+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
	Current I,

Amps                 (x)
	Voltage V,

Volts                  (y)

	
	
	
	1 = 0ma
	1 = 0v

	
	
	
	2
	2

	
	
	
	3
	3

	
	
	
	4
	4

	
	
	
	5
	5

	
	
	
	6
	6

	
	
	
	7
	7

	
	
	
	8 GLOW?
	8 GLOW?

	
	
	
	9
	9

	
	
	
	10
	10

	
	
	
	11
	11

	
	
	
	12
	12

	
	
	
	13
	13

	
	
	
	14
	14


Measured  I =       ____________             Rcold from graph  =      ___________

I from graph  =      ___________              Rhot from graph   =      ___________

% difference =       ___________               

V.  QUESTIONS
1.  
What is the difference between the behavior of the decade resistance box and the filament of the light bulb?  

2.
Based on your observations above, does the decade resistance box obey Ohm’s Law?

3.
Based on your observations above, does the filament of the light bulb obey Ohm’s Law?

4.
By what factor did the resistance of the filament increase when it got hot?

VI.  HAND IN:  

1.   This handout with the data filled out.  

2.
Sheet with answers to the above questions, answered in complete sentences and 

       typed out.

3. Graphs with the information asked for.
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Example circuit we will use in this experiment.

DO NOT turn on power before being checked by your Professor or Lab Tech.

5.  OPTION #2 – Exploring the behavior of a Diode (Zener type) 
Have your Lab Tech or Professor set this up for you. Use a 400 Ω resistance for this experiment. 
[image: image3.png]Zener diode
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Explore the behavior of this diode by observing current and voltage readings especially around the 5.1 volt mark. 

Maximum current is 49ma & Vz = 5.1 volts

Direction of current is first through black band then through red.

NOTE: Zener diodes are reverse-biased
So long as the power supply voltage remains above the Zener voltage (5.1 volts, in this example), the voltage drop across the Zener diode will remain approximately 5.1 volts over a fairly wide range of current.
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