Experiment #1

Linear and Non-Linear Circuit Components
Student’s Name: Nedal Suleiman                        Instructor: Dr. Esmael Badran (Sec 5)

Student’s No.:1041081                                        Date: 25-2-2005

I. Abstract:

  This experiment aims to test some circuit components as to whether or not they are linear components by taking several values for the current (I) and the voltage (V) across each component and checking if the graph of I vs. V is or is not a linear one. The main result was that a carbon resistance is linear the light bulb is a linear component only at certain values for (I) and the diode is not a linear component.
R for carbon resistance =200±0.007Ω

II. Theory:

  Circuit components can be divided into two categories: those to which ohm’s law does apply, which means that the voltage across the component (V) = RI, therefore the graph of I vs. V is a straight line with a slope that equals (1/R), such components are linear components. On the other hand, components to which ohm’s law does not apply are called non-linear components and in this case the graph of I vs. V is not a linear one. Diodes are an example of non-linear components. The current can’t pass through a diode unless the p-type terminal is connected to side with higher potential, in this case the diode is said to be forward biased. If the n-type terminal is connected to the side with higher potential current will not flow and the diode is reverse biased. A light bulb is linear only before glowing and after maximum glow has been reached.
III. Procedure: 
a. We constructed a loop out of a DC Source, a variable resistance and a carbon resistance. And then connected an ammeter and a voltmeter (multimeters were used) to the resistance.
b. We changed the value of the variable resistance, each time taking the readings of the voltmeter and the ammeter.

c. We replaced the carbon resistance with a light bulb and then repeated step (b).

d. We replaced the light bulb with a diode and then repeated step (b).

e. We plotted a graph for I vs. V for each of the three situations in order to see which component is a linear one, which is a non-linear one and which is a combination of both.






IV. Data:
	Carbon Resistance
	Light Bulb
	Diode

	Current (mA)
	Voltage (V)
	Current (mA)
	Voltage (V)
	Current (mA)
	Voltage (V *10-1)

	18.20
	3.60
	309
	
	29.2
	

	15.10
	2.98
	280
	2.35
	25.9
	7.40

	12.96
	2.56
	268
	2.17
	23. 3
	7.36

	11.50
	2.27
	245
	1.83
	21.2
	7.32

	10.22
	2.02
	223
	1.54
	20.8
	7.31

	8.37
	1.65
	210
	1.36
	19.4
	7.28

	7.66
	1.51
	180
	0.99
	18.9
	7.27

	2.88
	0.57
	157
	0.74
	17.9
	7.25

	1.00
	0.20
	125
	0.41
	15.5
	7.19

	0.45
	0.09
	104
	0.20
	14.5
	7.17

	
	61
	0.08
	10.5
	7.03

	
	40
	0.05
	9.6
	7.00

	
	21
	0.02
	8.0
	6.92

	
	7
	0.01
	6.8
	6.85

	
	
	4.9
	6.72

	
	
	3.7
	6.61

	
	
	2.5
	6.44

	
	
	1.6
	6.25

	
	
	1.1
	6.13

	
	
	0.7
	5.94

	
	
	0.4
	5.73

	
	
	0.2
	5.59

	
	
	0.1
	5.45


V. Calculations:

· Carbon Resistance:

· R for the carbon resistance = ΔV/ΔI = 1/ (slope of I vs. V) = 1/ (5*10-3) = 200 Ω
Iavg = 8.834mA; Vavg= 1.74volts 
· Diode:

· R for the diode at P1 = 1/(slope of tangent to P1) = 1/(6.92*10-2) = 14.450Ω
I at P1= 3mA; V at P1 = 0.65volts 

· R for the diode at P2 = 1/(slope of tangent to P2) = 1/(33.3*10-2) = 3.0003 Ω

I at P2= 14.5mA; V at P2 = 0.717volts

· Light Bulb:

· R for light bulb in part 1 (linear) = 1/ (slope of I vs. V) = 1/ (6.875*10-2) 

=14.545 Ω

Iavg in part 1= 256mA; Vavg in Part 1 = 2.02volts 

· R for light bulb at P1 in part 2 = 1/ (slope of I vs. V) = 1/ (20.0*10-2) =5.000 Ω

I at P1= 104mA; V at P1 = 0.2volts 

· R for light bulb in part 2 (linear) = 1/ (slope of I vs. V) = 1/ (70.0 *10-2) =1.42 Ω

      Iavg in part 2= 32mA; Vavg in Part 2 = 0.04volts
VI. Errors:
*In the errors section the symbol (Δ) means the uncertainty in a given value.
Since R = V/I;

ΔR= (ΔV/I) + (ΔIV/I2) => (ΔR/R) = (ΔV/V) + (ΔI/I)
*When dealing with a linear component or one that acts as linear, we take V and I to be the average of their respective values in the interval where R is linear; otherwise V and I are their respective values at the point in question.
Since we are usually uncertain about the last digit we can read; the uncertainties in V and I for each component are as follows:
· Carbon Resistance: ΔV=0.01volts;   ΔI=0.01mA

· ΔR = 0.00687 ≈0.007 

· Diode: ΔV=0.001volts;   ΔI=0.1mA

· ΔR at P1 = 0.0348 ≈0.03

· ΔR at P2 = 0.00829 ≈0.008

· Light Bulb: ΔV=0.01volts;   ΔI=1mA

· ΔR for Part 1 = 0.00885 ≈0.009

· ΔR at P1 in Part 2 = 0.0596 ≈0.06

· ΔR for Part 3 = 0.281 ≈0.3
VII. Analysis:
By taking a look at the graphs and numerical results we can see the following:
I. The carbon resistance acts as a linear component at any given value for I; therefore; ohms law can be applied to a carbon resistance.

II. The diode does not act as a linear component since the graph of I vs. V is an exponential one.

III. For the diode, as the current increases, the resistance seems to decrease so, at least theoretically, the diode’s resistance seems to approach infinity at small values for I and zero at large values for I. (please see graph for the change in the slope of tangent.)

IV. The light bulb acts as a linear component until just before light begins to glow.

V. As the bulb’s brightness increases, its resistance becomes non-linear and its resistance increases.
VI. When the bulb glow at maximum brightness, its resistance, once again, becomes linear.

VII. The bulb’s resistance in after maximum shining has been reached is more than that before shining.

VIII. Conclusion:
· Carbon Resistance:

· R= (200±0.007) Ω
· Diode:

· R at P1= (14.45±0.03) Ω
· R at P2= (3.000±0.008) Ω

· Light Bulb:
· R for Part 1= (14.454±0.009) Ω
· R at P1 in Part 2= (5.00±0.06) Ω
· R for Part 2= (1.4±0.3)Ω
  We can Conclude that the carbon resistance is a linear component while the bulb is linear only on certain intervals and the diode is non linear. (See VII Analysis)
  The Result we obtained for R for the carbon resistance matched that on the resistance itself.
  Factors which have contributed to errors in our experiment include: not taking into account the resistance of other components of the circuit such as wires. Also, the last digit on the screen of the multimeter kept changing, sometimes, so we had to pick a value at random. When finding slopes, especially for tangents, our drawing was not very precise so the value we obtained for R at that point might have deviated somewhat from the actual value (this can be seen by looking at the uncertainties and comparing them). In addition to that, the divisions on the graph limit how precise we can be.
Component








Variable Resistance








Є








