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Lecture(1). graph line 

It is the curve that we get when drawing a variable Y, for example, as a function of 

another variable X, for example. In fact, drawing the graph of two variables represents 

a visual way to clarify and realize the relationship between them, and more and more, 

what we will encounter in our experiments are the cases in which the graph is straight 

and that the straight line equation is: 

Y=ax+b 

Where y is the function or variable dependent on the variable x, a: The slope of the 

straight line is equal to the change in y over the change in x, meaning that: 

 

 

b represents the coordinates of the point of intersection of the line with the y axis, that 

is, it represents the value of y when the value of x becomes zero, as in the figure 

below: 

 

 

When conducting an experiment and measuring ten values of x, for example, we will 

obtain, in return, ten values of y. Each pair of readings represents a point on the (x, y) 

level, as shown in the figure below: 
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Then we pass a graphic line between these points. And if the relationship is linear 

between x and y, then we pass a straight line between these points so that the sum of 

the squares of the deviations of these points from the straight line is the least possible. 

That is, the number of points below the line is equal to the number of points above the 

line, bearing in mind that the sum of the squares of the distances of the points below 

the line from the line is approximately equal to the sum of the squares of the distances 

of the points above the line from the line. Here are some notes for drawing such 

shapes, please commitment to them:  

1- The y and x axes are 2 cm away from the edge of the paper. 

2- Write on each axis the name of the variable, its symbol and its unit of 

measurement. 

3- Write the number and title of each form directly below the form, as if we write: 

Figure 1: Potential difference V as a function of current I. 

4-Do not write anything on the data sheet other than what was mentioned above, with 

the exception of calculating the slope. 

 

5- Remember that what the unit of length represents on the y-axis has nothing to do 

with what the unit of length represents on the x-axis, for example: 1 cm on the y-axis 

may represent 1 volt, while 1 cm on the x-axis may represent 0.001 ampere. In 

addition, it is possible to choose any suitable scale and obtain the same results. 
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Lecture7: Measuring devices 

In this lecture, we will learn about some of the important measuring devices in 

the laboratory to conduct the experiment 

1- Galvanometer (G): 

A device highly sensitive to electric current consisting of a coil arranged on an 

iron core fixed to a shaft and placed between the poles of a permanent 

magnetic bar. 

When an electric current passes through the coil, a torque is generated, which 

causes the axis to twist, and accordingly the pointer connected to the axis 

moves according to the type of curved measurement. When no electric current 

is passed, it is clear that the return torque is proportional to the angle of 

rotation. 

In fact, the angle of rotation or the magnitude of the deflection of the m}shar 

is directly proportional to the flowing current. 

A galvanometer can be converted into an ammeter, a voltmeter, or an 

ohmmeter. 

2- Ammeter (A): 

A device used to measure ordinary electric currents. It is a galvanometer 

connected in parallel with a small resistance whose amount depends on the 

value of the current to be measured. If the ammeter is designed to measure 

fractions of ampere, then the resistance used is relatively large. 

Since the ammeter is used to measure the current passing through a resistance, 

it must be connected in series with it, so that all current passes through it. 
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Lecture8: Measuring devices 

In this lecture, we will learn about some of the important measuring devices in 

the laboratory to conduct the experiment. 

 

Voltmeter (V): -3 

A device used to measure the potential difference between two points in an electric 

circuit, and for this reason it is connected in parallel with what is connected between 

those two points. 

A voltmeter is a galvanometer with which a resistance is connected in series, the 

amount of which depends on the value of the potential difference to be measured. 

If the potential difference is large, the resistance is very large, and if the potential 

difference is relatively small, the resistance is relatively small 

. 
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Ohmmeter (O): -4 

A device used to measure resistors. It is a galvanometer with which a resistance and a 

battery are connected in a row so that if its ends are connected to each other, the 

pointer will deviate the greatest deviation, indicating that there is no external 

resistance. 
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Lecture9: Measuring devices 

In this lecture, we will learn about some of the important measuring devices in 

the laboratory to conduct the experiment. 

  )AVO( hmmeterO -5 

A device that can be used as an A-meter, a V-voltmeter, or an O-meter. 

The AVO meter contains various electrical equipment and many resistors of varying 

value, and its use and purpose is determined by the use selection switch. 

If this key is placed in front of the cutter letter A, then its use is determined as an 

ammeter, and a small resistance will be connected in parallel with the galvanometer. 

Likewise for the ohmmeter, And by the way, by placing the reuse switch in the 

appropriate position, the AVO can be used to measure the current or the continuous or 

alternating voltage difference. 

And depending on the value of the resistance used, the range of the device for 

measurement is determined, and by range we mean the largest value that can be 

measured. 

When placing the usage selection switch on the letter breaker A and opposite the 

range I, this means that the largest current that can be measured is one ampere, and if 

it is over a range of 10, then this means that the largest current that can be measured is 

ten amperes. The largest voltage that can be measured is 30 volts, and so on, and since 

the measuring plate on which the pointer moves is the same, then: 

The correct reading of the device = (the reading of the indicator X the range) / 

(the largest reading on the measuring plate) 

 

oxBResistors   -6 

It is a group of resistors with double amounts that are all placed inside a box, and any 

of them can be connected to the other in a row to get a higher resistance according to 

what we want. 

The resistors inside the box are usually classified into groups. 

The first group are multiples of one, the second group are multiples of ten, the third 

group are multiples of hundreds, and there may be a fourth group for multiples of 

thousands. 

There are several keys listed, each from 1-9, to choose the appropriate resistance, for 

example: 
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In the configuration shown in the drawing below, the resistance used is 3168 ohms. 
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Lecture10: Measuring devices 

In this lecture, we will learn about some of the important measuring devices in 

the laboratory to conduct the experiment. 

esistanceRariable V -7 

Physically, it means the resistance shown by a conductor when an electric current 

passes through it. 

Static Resistance: 

It is a constant resistance value due to the constant length of the wire. 

:esistanceRariable V 

It is a wire coiled on an iron core and has two ends for connection A and B (black or 

white) 

There is a piece of metal S that can slide on a metal rod, and its two ends are in 

permanent contact with the wire, and the rod ends at one end with a piece (usually 

colored). 

 

Depending on how the variable resistor is connected, its use is determined: 

1- If the two ends, A and B, are connected alone in the electrical circuit, then they will 

be used as a static  resistance, in order to use the entire length of the wire. 

2- If one of the two points A or B is connected with point C, then the part AS will be 

used, but if point B and point C are connected, then the part SBs will be used and the 

value of the resistance of the used part of the variable resistance. It depends on the 

location of S, and in such cases we have used the variable resistance to control the 

current. 

3- The variable resistance is used as a voltage divider, that is, it is used to obtain a low 

voltage from a large voltage source, in the following way: 

It connects the two ends of the voltage source to two points A and B, so we have 

applied all the potential difference to the entire length of the wire AB. Points C and A 

are connected to the other part of the electrical circuit. We have used the voltage part 

between S and A, and the sliding part S moves. We can control the voltage used. 
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Experiment (1) 

 
Applying Ohm's Law in a Circuit Containing an Inductive Coil 

 

 

Purpose of the Experiment:  

1. To verify Ohm's law in an AC circuit containing an inductive coil. 

2. To calculate the inductive reactance and the self-inductance of the coil. 

 

Apparatus:  

 AC voltage source, Voltmeter, Ammeter for measuring AC values, 

Inductive coil. 

 

Theory: 

    An inductive coil is one of the essential components in an AC circuit and 

can generally be considered pure due to the small resistance of its wires (r). 

When an alternating current with a fixed frequency passes through the 

inductive coil, it will exhibit impedance to this current equivalent to the 

impedance that a resistor offers in any electrical circuit. The impedance of 

the resistor is a constant value and equals the voltage applied across its 

terminals divided by the current passing through it as follows: 

 V  I 

V=Z I                                                                                                         او      

(1)                                 Z = 
 

 
 

Where (Z) is the impedance, (V) is the voltage across the coil, and (I) is the 

current passing through the inductive coil, the relationship between the 

effective value of voltage (Vrms) and the effective value of current (Irms) in 

the AC circuit is linear, thus requiring Ohm's law. The figure (1) shows the 

linear relationship between the voltage (V) and the current (I), with the slope 

equal to the impedance (ZL). 
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Figure (1) 

 

The impedance of the coil is written as follows: 

   √  
                                                                                                       

(2) 

Where (XL): is the inductive reactance of the coil.  

(r): is the resistance of the inductive coil, which can be neglected due to its 

small value. The equation above can be simplified to: 

ZL = XL = 
 

 
                                                                        (3)  

The inductive reactance varies with frequency (f) and is represented by the 

following equation: 

XL =2πfL                                                                           (4)        

Where a constant quantity L represents the self-inductance of the coil and its 

unit is Henry. By substituting equation (3) into (4), L can be written as 

follows: 

L= 
 

   
  
 

 
  = 

  

   
   

  

  
                                                 (5) 

 

The value of (L) can also be calculated from the following theoretical 

relationship: 

  
          

  

 
                                                  (6)        

  Vrms 

   Irms 

Vrm

s 

C 

Irms 

A 

B 

0.0 
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Where A is the average cross-sectional area of the coil in square meters 

            N is the number of turns of the coil 

            l is the effective length of the coil in meters 

            μo is the permeability constant, given by 

          

 μo= 4π x10 
-7

 = 12.5 x10
-7 

 Weber/amp. m 

 

Procedure: 

1. Connect the electrical circuit as shown in Figure (2). 

 

Figure (2) 

2. Set the source frequency to 500 Hz. 

3. Take several voltage readings (V) across the coil and record the 

corresponding current values. Organize the results as shown in the following 

table. 

4. Repeat the previous step after setting the frequency to 100 Hz and record 

your results in the table as well. 

5. Plot the relationship between Vrms and I rms. Then calculate the inductive 

reactance XL and the average self-inductance L. 

6. Measure the inner and outer radii of the coil, then calculate the average 

radius and thus the average cross-sectional area of the coil. 

7. Measure the effective length of the coil and record the value of N 

indicated on the coil. 
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Calculations: 

1. Calculate the inductive reactance XL from the graph, then calculate the 

average self-inductance L and compare it with the theoretical value indicated 

on the coil. Calculate the percentage error. 

2. Calculate the value of L from equation (6) and then compare it with the 

theoretical value. 

3. Discuss the reasons for the discrepancy in the value of L. 

 

Questions: 

1. Define Henry. 

2. Why is a high frequency preferred when measuring the inductive 

reactance of a coil? 

3. What is the nature of the relationship between inductive reactance XL and 

frequency f? 
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Experiment (7) 

Resonance in AC Circuits 
 

Purpose of the Experiment:  

To calculate the resonant frequency of inductive and capacitive reactance 

when they are connected: 

a. In series,     b. In parallel 

 

Apparatus:  

AC signal generator, ammeter AC, capacitor, inductor, switch 

 

Theory: 

In AC circuits that contain resistance, inductance, and capacitance, the phase 

difference between the current and the voltage across the resistor is zero. 

The phase difference between the voltage and the current across the inductor 

is such that the voltage leads the current by 90 degrees, while the voltage 

across the capacitor lags behind the current by 90 degrees. This phase 

change can be represented using vectors as shown in Figure (1). The 

impedance (Z) that the circuits present to the current is given by: 

 Z = √           
                                             

(1) 

Where (R) is the resistance, (XL) is the inductive 

reactance given by 

 XL = 2πf L                                                  (2)                                    

and (XC) is the capacitive reactance given by  

XC =  
 

    
                                                (3)     

 

The resonant frequency: is the frequency at which the inductive reactance 

equals the capacitive reactance, making the circuit behaves as resistive 

circuit. From Figure (2) is   

VL=VC 

VL=VC =0 
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It is shown that the total voltage (V) aligns with the current (I), meaning 

there is no phase difference, and the circuit acts as a pure resistive circuit. At 

resonance, the inductive reactance equals the capacitive reactance, i.e. 

XL = XC 

2πf L =  
 

    
 

fr =  
 

   √  
                                                  

Where fr is the resonant frequency.  

  

                             

                                                                                  Figure (2) 

Procedure:                                  
 

1. Connect the circuit as shown in Figure (2).                                                  

2. Before turning on the AC signal generator set the output voltage to 5 volts 

and keeps it constant throughout the experiment. 

3. Calculate the theoretical resonant frequency using the values of (C) and 

(L) recorded on the capacitor and inductor respectively. 

4. Take five frequency readings from the signal generator below the resonant 

frequency and five readings above it. Record the current for each case and 

tabulate your results as shown below. 

5. Plot the relationship between current (I) and frequency (f), then determine 

the practical resonant frequency as the lowest point on the curve, as shown 

in Figure (3). 

6. Compare the theoretically calculated resonant frequency with the practical 

value and calculate the percentage error. Repeat steps (1- 6) after connecting 

the inductor and capacitor in parallel. 

 

Questions: 

1. Why should the voltage remain constant throughout the experiment? 

2. Does the resonance frequency graph differ when C and (L) are connected 

in parallel? 
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Figure (3) 

 

 

ربط على التوالًال  زيربط على التواال   
f (Hz) I (Amp.) f (Hz) I (Amp.) 
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Experiment (8) 

 

Calculating the Inductance and Resistance Values of a Coil 

 

Apparatus:  

Coil, Resistor, AC voltage generator, Voltmeter and ammeter, Caliper 

 

Theory: 

    The coil exhibits inductive reactance (XL) to the alternating current 

passing through it, and this reactance depends on the frequency (f) and 

inductance (L). 

  XL = 2πf L   (1) 

The total impedance of the coil (ZL) is the vector sum of the inductive 

reactance and the resistance r:  

   √     
  

Ohm's law can be applied to the coil as shown in the following equations (3) 

(4): 

Z 
2 
= r

2 
+ 4π f

2
 L

2                                                                                                                                            
(2) 

VL = I ZL                                                                                                       (3)                

VL =I XL                                                                                                                                                                 (4) 

The alternating voltage represents a vector whose length is proportional to 

the voltage value, and its direction is determined by the voltage phase. 

 

Procedure:   

Part One: 

1- Connect the following circuit (see Figure 1).    

2- Take different values of frequency (f) and record the readings of the 

ammeter and voltmeter for each frequency value. 
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Figure (1) 

 

3- Use equation (3) to calculate the total impedance (ZL). 

4- Create a table of the squared values of the total impedance (ZL)
 2

 and the 

squared values of the frequency (f
2
), then plot the relationship between them. 

5- Refer to equation (2) and calculate the values of inductance (L) and 

resistance (r) from the plotted graph in step (4). 

 

Part Two: 

1- Connect the following circuit see Figure (2). 

2- Record the voltmeter reading (VR). 

 

 
Figure (2) 

 

3- Choose an appropriate scale to represent VR with a vector (e.g., 1 cm for 

each volt). 

4. Draw the vector (AB) on the x-axis to represent the resistor voltage VR. 

5. Connect the voltmeter across the coil and record its reading as VL. 

L 
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6. Connect the voltmeter across the AC voltage source and record its reading 

as V. 

7. Use the same scale to calculate the lengths of the voltage vectors: total 

voltage V and coil voltage VL. 

8. Open the calipers to the length of the vector representing the total voltage 

V, place it at point A, and draw a small arc. 

9. Open the calipers to the length of the vector representing the coil voltage 

VL place it at point B and draw another small arc. 

10. The arcs intersect at point C. 

11. Draw a perpendicular from point C to the x-axis, cutting it at point D 

(see Figure 3). 

12. Measure the distances AB, BD, and CD, then apply equations (5) and (6) 

to calculate the inductance and resistance values in sequence. 

 

 
الشكل  (3)        

Scale: Voltage /cm 

Scale =K 

 VR = K (AB)  

 K (AB) = I R  

 I =   
     

 
 

K (CD) = I XL  

K (CD) =  
     

 
  XL 

(5)                                       R XL =    
    

  
 

 

B D 

C 

A 
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   R L = 

     

  
 

K (BD) =I r 

K (BD) =  
      

 
  r                                                                                             

                                                          (6)                       r = R  
  

  
  

 

Questions: 

1. Why do we plot the relationship between (Z
2
) and (f

2
) to calculate L and r 

instead of plotting the relationship between Z and f to obtain the same 

information? 

2. If a resistor R is connected in series in the first circuit, will it affect the 

relationship between f and Z (discuss)? 

3. Why is the voltage phase of the coil (VL) less than 60 degrees? 

4. Is it permissible to algebraically sum the values of VL and VR to find the 

total voltage? 

5. In this experiment, two methods were used to calculate the inductance and 

resistance values. Which method is more accurate (discuss)? 


