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OHM’S LAW
OBJECTIVES:
1. To know Ohm's law for a resistor.
2. Study Ohm's law for a lamp.
3. Apply Ohm's law for different combinations of some resistors.

PRINCIPLES:
The electric current is the rate of flow of electric charge through a conducting medium with respect to time. When there is a potential difference between two points in a conductive medium, electric charge starts flowing from the higher potential point to the lower potential point to balance the charge distribution between the points. The rate of flow of charge in respect of time is known as electric current. The SI unit of current is ampere (A). If Q Coulomb electric charge gets transferred between these two points in time t sec, then the current can be calculated as,





Resistance is a measure of the opposition to current flow in an electrical circuit. Resistance is measured in ohms, (Ω).When a voltage is applied across a substance there will be an electric current through it. The applied voltage across the substance is directly proportional to the current through it. The constant of proportionality is resistance. The resistance of a conductor depends on the length, cross-sectional area, material and the temperature of the conductor through a quantity known as the resistivity,.




Ohm's law states that the current  in a resistor is proportional to the potential difference across it, provided that the temperature of the object is constant. In equation form, it says


 As the constant of proportionality is the resistance of the conductor. So the complete form of Ohm’s law is,


In series connection the current is the same in all components and the voltage distributes. The equivalent resistance is,

 

In parallel connection the voltage is the same and the current distributes. The equivalent resistance is,
OBSERVATIONS:
PART 1: VOLTAGE AND CURRENT RELATION FOR A GIVEN RESISTOR, R
Step 4) Table 1, R= 2 ohm
[image: ]
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Calculate the slope : Slope = 


Find  : 

The slope or gradient of the line represents the change in y-value per unit change in x-value.Thus  1/slope represents the vice versa , that is it represents the change in x-value per unit change in y-value.

For the given resistor (R = 2 ohm) How does the current through R, IR relate to the voltage across R, VR?
For the given resistor (R = 2 ohm), the current increases constantly by 0.5 A for each increase in the voltage value.
Step 5) Table2, R= 3ohm
[image: ]
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Calculate the slope :




Find  :

The slope or gradient of the line represents the change in y-value per unit change in x-value.Thus  1/slope represents the vice versa , that is it represents the change in x-value per unit change in y-value.


For the given resistor (R = 3 ohm) How does the current through R, IR relate to the voltage across R, VR?
For the given resistor (R = 3 ohm), the current increases constantly by 0.33 A for each increase in the voltage value.

Step6) Table3,
	 
	R = 2 ohm
	R = 3 ohm

	V=VR   (V)
	6
	6

	I = IR   (A)
	3
	2



For a given voltage across a resistor does the current through the resistor, IR increase or decrease for a larger resistor value?
For a given voltage across a resistor the current through the resistor, IR decreases for a larger resistor value.
PART 2: VOLTAGE AND CURRENT RELATION FOR A LIGHT BULB
Step 7) In your own words, explain why does the slope change?
Knee voltage is a voltage after which the current increases abruptly in an exponential path thus there is a sudden change in slope.



Step 8) Table 4
	V=V lamp  (v) at knee
	1.207
	V=V lamp  (v) at final point
	11.959

	I= I lamp  (A) at knee
	17.106
	I= I lamp  (A) at final point
	104.418



Calculate the slope up to the knee (Hint: use the origin (0, 0) and the knee points):
The slope up to the knee: 14.2

Calculate the slope of the straight line beyond the knee (Hint: use the knee and the final points):
The slope of the straight line beyond the knee:8.1


Is the resistance of the lamp larger before or after the knee? Why?
The resistance of the lamp is larger after the knee, because here the temperature of the lamp increases and that, in turn, causes its resistance to increase.
PART 3: DIFFERENT COMBINATIONS OF RESISTORS
A: Series combination of resistors
Step 7) what do you expect the reading of the voltmeter to be?
The expected readings of the voltmeter are 5v, as the default value of the voltage source is 5v.

What do you expect the value of REQ to be? Using eqn. 5, calculate REQ:



10+10+51= 71 ohm

Step 8) Simulator values
	Reading of voltmeter (V)
	5
	Req (ohm)= Reading of voltmeter/ Reading of ammeter
	Req (ohm) from step7

	Reading of Ammeter (A)
	0.070423
	70.9
	71



B: Parallel combination of resistors
Step 3) what do you expect the value of REQ to be? Bigger that 51 ohms or smaller than 10 ohms?
The expected value of equivalent resistance be smaller than 10 ohms

Using eqn. 6 calculate REQ:



         =



Step 4) Simulator values
	Reading of voltmeter (V)
	5
	Req (ohm)= Reading of voltmeter/ Reading of ammeter
	Req (ohm) from step3

	Reading of Ammeter (A)
	0.5
	10
	4.553



C: A mixed combination of resistors
Step 3) a: Which resistors are in parallel here?
Here, resistor with (68 ohm) and resistor with (51 ohm) are parallel.

Step 4) Using step 3 and eqn. 6, calculate 





= 29 ohm
Redraw the circuit here:
[image: ]

Calculate:



= 10+29+51= 90 ohm

Step 5) Simulator values
	Reading of voltmeter (V)
	5
	Req (ohm)= Reading of voltmeter/ Reading of ammeter
	Req (ohm) from step3

	Reading of Ammeter (A)
	0.055556
	89.99
	90




Answers to questions:
1. If one lamp of a group of five identical lamps in series is removed, the voltage across the empty socket becomes equal to the line voltage, rather than remaining one-fifth of it. Why?
The voltage across a conductor can be measured if the conductor is offering some resistance. When you take a lamp out, you create an open in the circuit. So no more current is flowing, so you don’t have a voltage drop across any of the other lamps. Thus the voltage on the high potential side of the socket will be the input voltage and the low potential side will be at ground. In absence of lamp, the voltage across the lamp disappears and the voltage is equal to the line voltage.
2. The circuits, P and Q shown below, show two different ammeter-voltmeter methods of measuring resistance. Suppose the ammeter has a resistance of 0.10 ohms and the voltmeter has a resistance of 3.0 ohms (a voltmeter usually has very large resistance, not like the one in this question); the ammeter reads 2.5 amps and the voltmeter reads 6.0 volts. What is the uncorrected value of the resistance in each case? What is the true value of the resistance in each case?
[image: ]
Given ,
Ammeter resistance 0.10 ohms
Resister resistance 3.0 ohms
Voltmeter read 6 volts
Ammeter reads 2.5 A
UNCORRECTED RESISTANCE VALUES FOR CIRCUIT P
a) As, v= IR
R = 6/2.5 = 2.4 ohm
UNCORRECTED RESISTANCE VALUES FOR CIRCUIT Q
b) R = 2.4 ohm as no potential drop across ammeter
CORRECTED RESISTANCE VALUES FOR CIRCUIT P
a)
v= IR


CORRECTED RESISTANCE VALUES FOR CIRCUIT Q
b)




3. A piece of copper wire of resistance R is cut into 10 equal lengths. These parts are connected in parallel. How does the joint resistance of the parallel combination compare with the original resistance of the single wire?



The resistance of a conductor depends on the length, cross-sectional area, material and the temperature of the conductor through a quantity known as the resistivity,.The expression for resistance of a wire is given by

 ,
Since the wire is cut in to 10 equal parts, that is the length of each part is now 1/10th of the original length, with the resistivity and area being still the same as there is no change in the material and area of the wire .Hence we can conclude that the resistivity of each cut parts is simply R/4,that is 0.10% of the original resistance.
 CONCLUSION:
Ohm's law has been verified experimentally and we can use it to measure the value of unknown resistance and verify the series and parallel combination of resistors experimentally.
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