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1 Multimeter & Simple Circuits 
 

NOTE: 
The ‘deliverable’ for this practical is a completed worksheet to be handed in by 5:00 pm 
on the day of the practical. 
In this practical, you need to become familiar with the operation of a multimeter and gain 
experience in setting up simple circuits.  

 
 
1.1 Introduction 
 
This experiment is designed as an introduction to the concepts that you need to understand 
simple electrical circuits: current, voltage, resistance, Ohm’s Law, and series and parallel 
circuits. You may well do it BEFORE you receive many (or even any) lectures on electric 
circuits. It will serve to make concrete those ideas you learned at school, or give you a chance to 
pick up these ideas. In preparation for this practical you should make yourself familiar with the 
concepts of charge, current, potential difference and resistance. Measuring voltages and currents 
in simple circuits will give you an intuitive feel for these concepts. 
 
1.2 Apparatus 
 
You will be supplied with a circuit box, a power supply with variable voltage, a multimeter and 
several wire leads. 
 
Circuit Box 
 
The circuit box provided has 3 mounted resistors, 2 mounted light bulbs, a switch and a power 
supply input, as shown in Figure 1-1. 
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Figure 1-1: Circuit box                 

 

 
Figure 1-2: Two bulbs connected in parallel 

 

Power Supply 
Input 

Switch 

Mounted Resistors 

Mounted Light Bulbs 



4 
 

Using the supplied wires, one is able to connect the circuit elements in a number of ways. As an 
example, Figure 1-2 shows the two mounted bulbs connected in parallel to the power supply. 
 
Multimeter Operation 
 
In this practical you will use a digital multimeter as a voltmeter, ohmmeter and ammeter.    
Figure 1-3 shows the controls on the ISO-TECH IDM67, which is the multimeter used in Course 
I Lab.  
 

  

Figure 1-3: ISO-TECH IDM67 multimeter controls 

1. Digital Display 

2. Rotary Switch 

3. COM Input Terminal 

4. V�  Input Terminal 

5. � A, mA Input Terminal 

6. A Input Terminal 

7. Function Switch – Switch to 

measure AC current or DC 

current in the current mode 

8. Reset Switch 

9. Hold Switch – Display hold 

10. Range Switch 
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Measuring Potential Difference 
 
For measuring the potential difference between two points, put one lead in COM, another into 

V� , and connect the other ends of the leads to the points between which you want to measure 
the potential difference. Set the function switch for direct voltage measurement, marked by a 
V ; the multimeter is now a voltmeter. This may sound complicated; it is easier to 
understand when you have the multimeter in front of you. 
 
Measuring Resistance  
 
For measuring resistance between two points, switch off the current, put one lead in COM, 

another into V� , and connect the other ends of the leads to the points between which you wish to 

measure the resistance. Set the function switch to �  for resistance measurement; the multimeter 
is now an ohmmeter. 
  
Measuring Current 
 
For measuring the current in a wire, disconnect one end of that wire and connect it to the mA 
input of the multimeter, then connect another wire between the COM input and the point in the 
circuit to which the original wire was initially connected. In this way the current is directed 

through the multimeter. Set the function switch to an appropriate range � A� , mA�  or A�  for a 
direct current measurement; the multimeter is now an ammeter. Different current ranges 

require the leads to be plugged into different positions: for currents up to 300 mA, use the � A, 
mA input terminal, while for currents up to 10 A use the A input terminal. 
 
1.3 Worksheet 
 
The worksheet with detailed instructions will be handed out at the start of the lab session. 
 

NB: The current in the circuit must NOT exceed 2.5 A. If the current is greater 
than 2.5 A, reduce the input voltage until the current is below 2.5 A. 
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2 Ohmic & Non-Ohmic Circuit Elements 
 

NOTE: 
The ‘deliverable’ for this practical is a full write-up to be handed in by 5:00 pm on the 
day of the practical. 
Recall that performing a measurement requires obtaining both the best approximation 
and the uncertainty of the measurand. In this practical, particular focus is on Type A 
uncertainty evaluations, as well as least squares fitting of data, using CURFIT. 
Uncertainty propagation formulae will also be applied. No Type B evaluations are 
required, although you will be expected to discuss sources of uncertainty and draw up an 
uncertainty budget.   

 
2.1 Aim 
 
The aim of this practical is to investigate the relationship between current ( I ) and potential 
difference ( � V ) for two different electric circuit elements carrying direct current (DC), and to 
determine the resistance ( R ) of each of the devices. 
 
2.2 Theory 
 
An electric current I is a flow of charge, and a direct current (DC) implies a flow in one direction 
only. The unit of electric current is the ampere, symbol A. 
 
To initiate and maintain a current in a circuit element, an electrical potential difference, or 
voltage ( � V ), has to be established across the ends of the circuit element. The electrical 
potential difference is measured in volts, symbol V, and the power source for such an electrical 
potential difference may be a battery or a ‘DC’ power supply working off the ‘AC mains’. 
 
When a circuit element carries an electric current, the moving charge carriers interact with the 
constituent atoms of the material from which the circuit element is made, thus impeding (slowing 
down) the flow of the charge carriers through the material. This phenomenon is called electrical 
resistance. The unit of electrical resistance ( R ) is the ohm (volt/ampere), symbol  � . 
The resistance of a circuit element can be determined by the following ratio: 
 

Resistance = (Potential difference) / Current 
 

or           
V

R
I

�
� .       Eq. 2-1 



7 
 

As the potential difference � V across a circuit element is varied, the current I will also vary.   In 
this experiment the variation of I with � V will be studied for two circuit elements. 
 
There are two categories of circuit elements to be considered in this practical: 
 

(1) Linear or Ohmic elements. For these elements the ratio � V/I is constant, and the 
resistance obeys Ohm’s Law, i.e. R = � V/I = constant for all � V. This is best 
verified by plotting values of I against � V. The resultant graph will be a straight 
line through the origin, and the slope of this line gives the reciprocal of the 
resistance, R. 

 
(2) Non-linear or non-Ohmic elements. The ratio � V/I for these elements is not 

constant, and plots of I against � V yield graphs of varying shapes. The resistance, 
however, is still calculated from the ratio � V/I for particular values of � V. 

 
2.3 Apparatus and Method 
 
The circuit elements to be investigated in this practical are: 
 

(1)   a carbon resistor, 
(2)   a light bulb. 

 
To measure the voltage and current, suitable meters are provided. The power supply is connected 
to the circuit element via a rheostat (an adjustable resistor) that will allow one to vary the voltage 
across the circuit element in question. The circuits to be investigated are shown in Figure 2-1. 
Note that the voltage source for the resistor is lower than that for the light bulb. 
 
IMPORTANT: 

�  The carbon resistor should only be used with the 3 V power supply. 

�  Do not change the settings on the power supplies. 

�  If you are not sure of the connections, have the circuit checked by a demonstrator 
before you turn on the power. 

 
Take at least 8 sets of readings of the voltage and current at suitable intervals over the entire 
voltage range possible for each of the two circuits. 
 
Tabulate the data for each of the two circuits, and plot by hand, the graphs of I  vs � V  for each 
circuit element, i.e. I (dependent variable) on vertical axis and � V (independent variable) on 
horizontal axis. Decide to which category of circuit element each device belongs. 
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Figure 2-1: Circuits for Ohmic and non-Ohmic experiment 
 
 
2.4 Determining Resistance 
 
Resistor 
 
Determine the resistance of the resistor using 

�  a) your 8 or more  (I, � V)  data pairs, and 
�  b) CURFIT (i.e. the least squares method). 

  
When quantifying the uncertainty in your measurement a) you need to perform a Type A 
evaluation. You should use an EXCEL spreadsheet (or a calculator) for this purpose. CURFIT 
calculates slopes and intercepts together with uncertainties. You will need to use these values to 
determine the best approximation of the resistance of the resistor and its uncertainty for 
measurement b).  
 
Finally, compare the results of measurements a) and b). 
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Light Bulb 
 
Determine the BEST APPROXIMATION OF THE  VALUE  ONLY  of the resistance of the 
light bulb under two conditions using: 
 

�  i) One of your data points with a voltage across the bulb of between 0.5 V and 1.0 V. 

�  ii) Your graph (but not a data point) for a voltage between 4.0 V and 5.0 V. 
 
To quantify the uncertainty in such resistance determinations, you would need to perform Type 
B evaluations of the voltage and current uncertainties and then apply uncertainty propagation 
formulae. Since such calculations are dealt with in detail in the next practical, this week you will 
only determine the best approximation of the values of the light bulb resistance under the 
above conditions. However, you should discuss sources of uncertainty and draw up an 
“uncertainty budget” . 
 
Take care to quote the results of all measurements correctly in your conclusion and state which 
of these circuit elements are Ohmic and which are Non-Ohmic, giving reasons for your answers. 
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3 Introduction to the Oscilloscope 
 

NOTE: 
The ‘deliverable’ for this practical is an abridged write-up (containing just the Results, 
Analysis and Conclusions) to be handed in by 5:00 pm on the day of the practical. 
You need to pay special attention to the interpretation of the graphic ‘picture’ that you 
see on the oscilloscope and ensure that you are able to use the oscilloscope to measure 
voltages. Special emphasis is placed on Type B evaluations of uncertainty, the 
combination and propagation of uncertainty, as well as comparison of results. 

 
3.1 Aim 
 
The aim of this experiment is to become familiar with the cathode ray oscilloscope. As an 
exercise in learning to use the oscilloscope, the instrument is to be used to determine the 
effective resistance of series and parallel combinations of resistors. 
 
3.2 Apparatus 
 
The Oscilloscope 
 
The oscilloscope is used in all fields of scientific research and learning to use this instrument is 
an important part of a scientist’s training. 
 
There are three main components that make up an oscilloscope: 
 

1. the electron gun which produces an electron beam that gives off a spot of light as the 
electrons hit the screen (the spot of light leaves a ‘trace’ as the beam is deflected and 
made to ‘move’ across the screen); 

2. the “y” deflector plates that are able to deflect the beam up and down on the screen as the 
voltage across these plates is varied; 

3. the “x” deflector plates that are able to deflect the beam to the left and right as the voltage 
across these plates is varied. 

 
In combination, these three main components in the oscilloscope are able to draw a “picture” of 
Voltage vs Time of an input signal on the screen. Take a careful look at the simple schematic 
diagram of an oscilloscope depicted in Figure 3-1 and make sure that you can identify the 
components. 

 



11 
 

 
 

Figure 3-1: Simple schematic diagram of an oscilloscope 

 
The first thing to note about the working of an oscilloscope is that the waveform of the time-base 
(x-axis) has a sawtooth shape. During the period that the voltage across the “x” deflector plates is 
increasing, the beam is being deflected horizontally, and so the spot ‘sweeps’ across the screen 
from left to right. When the voltage across the “x” plates decreases, back to its starting point, the 
beam is quickly deflected back to the left. The return time is called the ‘flyback’ time. During the 
flyback time the beam is blanked out, so you do not see the trace going back to its starting 
position. 
 
When you adjust the TIME/DIV calibration on the oscilloscope, you are adjusting the time that it 
takes for the spot to sweep across the screen from left to right. The flyback time is set by the 
oscilloscope. 
 
The next thing to note is that the voltage of the input signal will determine what the voltage on 
the “y” deflector plates will be, which will effectively move the spot up or down on the screen. 
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When you adjust the VOLT/DIV calibration on the oscilloscope, you are adjusting the amount of 
deflection per input voltage, thereby making the ‘amplitude of the picture’ on the screen bigger 
or smaller. 
 
The final thing to note is that there is a connection between the input signal and the trigger. This 
is to synchronise the deflections caused by the two sets of deflector plates, so that you can get a 
clear picture of the input signal on the screen. 
 
Caution: The most common difficulty that student have when using the oscilloscope is getting 
the “trigger” selections right so as to synchronise the display. It will be well worth the effort to 
take a few minutes to look at the simplified block diagram in Figure 3-6, and to work out what 
the different triggering switches and functions do. Then it will be possible for you to 
methodically work out how you should set up the oscilloscope. Don’t just twiddle with 
everything in the hope of “getting lucky”. 
 
The oscilloscope used in Course 1 Lab is the ISOTECH 622 oscilloscope. It is a dual-beam 
oscilloscope, which means that you can look at the pictures of two input signals at the same time. 
You are encouraged to work out how to handle a single input first, and then to add the second 
input. 
 
Details of the ISOTECH 622 oscilloscope control functions can be seen in Table 3-1, Figure 3-2 
and Figure 3-6. Note that the manufacturer’s rating of the oscilloscope is 5% on the time (x-axis) 
scale and 3% on the voltage (y-axis) scale.  
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Figure 3-2: Basic settings for oscilloscope
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The Signal Generator 
 
The signal generator (also referred to as a function generator) that you will use in this practical is 
shown in Figure 3-3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-3: Physics department function generator 

 
The function generator supplies a variable amplitude and variable frequency alternating current 
signal. The frequency of the signal being generated is shown on the LCD display and a brief 
description of the controls is given below: 
 

�  Signal shape or FUNCTION  dial: choose between a saw-tooth, sine or square function. 

�  The voltage (peak-to-peak) or AMPLITUDE  coarse control: usually set this at .mV10  

�  The voltage or AMPLITUDE  fine control: usually set this mid-scale. 
�  The FREQUENCY coarse control: choose for frequencies <10 Hz (1), <100 Hz (10), 

<1000 Hz (100) and >1000 Hz (1000). 

�  The frequency fine control: usually set this to mid-scale. 

�  The DISPLAY  sector: this changes the scale of the display ONLY. Check this! You will 
usually leave this set at 1� (the middle position). 
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3.3 Experiment 
 
Get to know the oscilloscope 
 
At the start of the practical, students should take some time (15 minutes or so) to identify the 
important sets of controls on the oscilloscope and find out how to perform the following basic 
operations: 
 

1. Identify the set of control switches that adjust the time calibration of the oscilloscope. 

2. Identify the set of control switches that adjust the voltage calibration of the oscilloscope. 

3. Switch on the oscilloscope, adjust the brightness and focus the trace. 

4. Connect one of the input channels to a signal generator and select the appropriate 

‘trigger’ input so that there is a ‘picture’ on the oscilloscope. 

5. Alter the horizontal position of the trace. 

6. Alter the vertical position of the trace. 

7. Alter the time calibration to see how it changes the shape of the trace. 

8. Alter the voltage calibration to see how it changes the shape of the trace. 

9. Work out, using the calibration information (in time/div), how to take a “time” reading 

when looking at the trace. Make sure the oscilloscope is set to ‘calibrate’. 

10. Work out, using the calibration information (in volt/div), how to take a “voltage” reading 

when looking at the trace. Make sure the oscilloscope is set to ‘calibrate’. 

 

IMPORTANT:  Only proceed with the rest of the practical once you have worked through the 
ten points listed above! 
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Series combination of resistors 
 
The next part of the practical is to measure the effective resistance of a series combination of two 
resistors, R1 and R2.  
 
Connect the two resistors R1 and R2 in series with the standard resistor Rs and then connect the 
whole combination to the signal generator, as shown in Figure 3-4. Choose the frequency and 
voltage settings of the signal generator you feel would be most convenient, and stick to these 
settings throughout the rest of the practical. 

 
 

Figure 3-4: Series combination of R1 and R2 

 
The first task in this part of the practical is to determine the values of R1 and R2, but since the 
oscilloscope measures only voltage (and time), it is necessary to determine first the current in the 
circuit and to use that current to calculate resistances of R1 and R2. This is achieved by using the 
oscilloscope to measure the voltage across the known resistor, Rs, which has a given resistance of 

120.0 ± 6.0 � , and calculating  I from  I  = � Vs/Rs. Having determined I,  the values of R1 and R2 
can be determined by measuring the voltage across each resistor individually (i.e. across ab and 
across bc) and calculating these resistances. 
 
The second task is to determine the effective resistance Reff  of the series combination of R1 and 
R2. In a similar manner as before, measure the voltage across the combination of the two resistors 
(i.e. points ac) and use the now known value of I to calculate Reff. Using an oscilloscope 
instrument rating of 3%, perform a Type B evaluation of the uncertainty of each voltage 
measurement. Make an uncertainty budget! Determine the propagated uncertainty in each 
calculation of resistance and then compare the measured result Reff  with the predicted result of 
R1+R2. 

Rs 

Signal 
generator� �  

R2 

R1 

b 

c 

a 
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Parallel combination of resistors 
 
Next, connect R1 and R2 in parallel and then connect this parallel combination in series with Rs, 
as shown in Figure 3-5 below. 
 

 
 

Figure 3-5: Parallel combination of R1 and R2 

 
Again determine the current through the circuit by measuring the voltage across Rs. Then 
measure the voltage across the parallel combination, � Vac, and hence determine the effective 

resistance of the parallel combination from Reff = � Vac/I. 
 
Once again, using an instrument rating of 3%, perform a Type B evaluation of the uncertainty of 
the measurement of the voltage, and also determine the propagated uncertainty in the calculation 
of the resistance. Clearly state any assumptions that you make in the evaluation of the 
uncertainty in the measurement process. 
 

Compare your measured value for Reff with the predicted value given by  � � 1

1 21/ 1/R R
�

�  .  

 
Note: Since the uncertainty propagation equation for the theoretical prediction of the last 
part of this practical is a little complicated, it will be acceptable - for the purposes of this 
practical - if you do not determine the uncertainty in the theoretical prediction. However, 
even though not doing this calculation means that a strict comparison of results cannot be 
done, you are still required to comment on the possible outcome of the comparison. 

Rs 

Signal 
generator �  R2 R1 

c 

a 
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Table 3-1: Description of oscilloscope controls 
 
 
 
CRT 
9 POWER Main power switch of unit. When on, the LED (8) is also on. 
2 INTEN Controls the brightness of the trace. 
4 FOCUS Focuses the trace to the sharpest image. 
5 TRACE ROTATION Aligns the horizontal trace in parallel with graticule lines. 
VERTICAL AXIS  
12 CH 1 (X) INPUT Vertical input terminal of CH 1. 
16 CH 2 (Y) INPUT Vertical input terminal of CH 2. 
11 & 
15 

AC-DC-GND Selects connection mode between input signal and vertical amplifier: 
AC: AC coupling. 
DC: DC coupling. 
GND: Vertical amplifier input is grounded and input terminals are disconnected. 

10 & 
14 

VOLTS/DIV Selects the vertical axis sensitivity. 

13 & 
17 

VARIABLE  Fine adjustment of sensitivity. When in CAL position, sensitivity is calibrated to the indicated 
value. 

40 & 
37 

POSITION Vertical positioning of trace or spot. 

39 VERT MODE Selects operation modes of CH 1and CH 2 amplifiers: 
CH 1: The oscilloscope operates as single-channel instrument with CH 1 alone. 
CH 2: The oscilloscope operates as single-channel instrument with CH 2 alone. 
DUAL: The oscilloscope operates as a dual-channel instrument. 
ADD: The oscilloscope displays the algebraic sum or difference of the two signals. For the 
difference the CH 2 INV button (36) must be pushed in. 
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TIME BASE  
18 TIME/DIV  Select the sweep time of the A sweep. 
21 SWP.VAR Vernier control of sweep time. When SWP.UNCAL (19) is pushed in, the sweep time can be made 

slower. The indicated values are calibrated when this button is not pushed in. 
34 POSITION Horizontal positioning control of the trace. 
33 X 10 MAG When pushed in, a magnification of 10 occurs. 
27 X-Y Press the X-Y button to enable X-Y operation. 

TRIGGERING 
23 EXT TRIG Used for external triggering signal and external horizontal signal. To use, set SOURCE switch (26) 

to EXT. 
26 SOURCE Select the internal triggering source signal, and the EXT HOR input signal: 

CH 1 (X-Y): when the VERT MODE switch (39) is set in the DUAL or ADD state, select CH 1 for 
the internal triggering source signal. When in the X-Y mode, select CH 1 for the X-axis signal. 
CH 2: When the VERT MODE switch (39) is set in the DUAL or ADD state, select CH 2 for the 
internal triggering source signal. 

24 TRIG. ALT When the VERT MODE switch (39) is set in the DUAL or ADD state, and the SOURCE switch 
(26) is selected at   CH 1 or CH 2, with the engagement of the TRIG.ALT switch (24), it will 
alternately select CH 1 & CH 2 for the internal triggering source signal. 
LINE: to select the AC power line frequency as the triggering signal. 
EXT: The external signal applied through EXT TRIG (EXT HOR) input terminal (23) is used for 
the external triggering source signal. When in the X-Y, EXT HOR mode, the X-axis operates with 
the external sweep signal. 

25 COUPLING Select COUPLING mode between triggering source signal and trigger circuit; select connection of 
TV sync trigger circuit. 
AC: AC coupling. 
DC: DC coupling. 
HF REJ: Removes signal components above 50 kHz. 
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TV: The trigger circuit is connected to the TV sync separator circuit and the triggered sweeps 
synchronize with TV-V or TV-H signal at a rate selected by the TIME/DIV switch. 

22  SLOPE Select the triggering slope. 
“+”: Triggering occurs when the triggering signal crosses the triggering level in positive-going 
direction. 
“-“: Triggering occurs when the triggering signal crosses the triggering level in negative-going 
direction. 

30 LEVEL To display a synchronized stationary waveform and set a start point for the waveform. 
Toward “+”: The triggering level moves upward on the display waveform. 
Toward “-“: The triggering level moves downward on the display waveform. 
LOCK (29): The triggering level is automatically maintained at optimum value irrespective of the 
signal amplitude, requiring no manual adjustment of triggering level. 

31 HOLDOFF Used when the signal waveform is complex and stable triggering cannot be attained with the 
LEVEL knob alone. 

28 TRIGGER MODE Select the desired trigger mode. 
AUTO: When no triggering signal is applied or when triggering signal frequency is less than 50 
Hz, sweep runs in the free run mode. 
NORM: When no triggering signal is applied, sweep is in a ready state and the trace is blanked out. 
Used primarily for observation of signal < 50 Hz. 

20 GND Ground terminal of oscilloscope mainframe. 
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Figure 3-6: Simplified block diagram of an oscilloscope 
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4 RC Circuit 
 

NOTE: 
The ‘deliverable’ for this practical is a full write-up to be handed in by 5:00 pm on 
the day of the practical. 
In this practical, you need to pay special attention to the way in which the equation 
in the method is linearised and the way in which the uncertainty associated with the 
measurement is propagated. The method of least squares will be implemented in 
EXCEL. This practical also requires that you use scientific notation carefully. 
Ensure that you are able to use the oscilloscope to measure both voltage and 
frequency. 

 
4.1 Aim 
 
The aim of this practical is to measure the capacitance of a capacitor using an RC circuit. 
 
4.2 Theory 
 
In the circuit shown in Figure 4-1, the resistor and capacitor are connected in series and the 
signal generator provides a sinusoidal input of frequency f. The current i(t) and peak current 
Io are the same in all parts of the circuit at any time. The peak current can be determined by 
Io = � VR/R, where � VR is the peak voltage across the resistor of resistance R.  

 
Figure 4-1: Circuit for RC experiment 

 
The total circuit impedance ( Z ) of the resistor and the capacitor, which plays an analogous 
role to total resistance for an AC circuit containing resistors and capacitors, is given 
overleaf.  
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 ,   Eq. 4-1  

 
where �  = 2� f, and    
  

� �
2

2 1

inR
o

VV
I

R
R

C�

��
� �

� �� � �
� 	

 ,                    Eq. 4-2  

 
where � Vin refers to the input peak voltage. Rearranging terms and squaring both sides 
gives 
 

� � � �
2 2

2 2 1in

R

V
R R

V C�

� �� � �� �� � � �� � 	� 	
.                    Eq. 4-3          

 

Dividing throughout by R2 and substituting � �= 2� f, 
 

2 22
1 1

1
2

in

R

V
V RC f�

� � � �� � �� �� � � �� �� � 	 � 	� 	
 .                    Eq. 4-4        

 
Although it may take a moment or two of looking carefully at it, you should see that the 
above equation is in a linear form 
 

y mx c� � .                                          Eq. 4-5  

 
4.3 Apparatus and method 
 
Using the component box provided, build the circuit as shown in Figure 4-1 and use the 
oscilloscope to measure the peak voltages. IMPORTANT: Make sure that you connect the 
black wire of the oscilloscope to the black wire of the signal generator! 
 
The signal generator 
 
The signal generator that you will use in this practical is the TG315 function generator by 
TTi. The TTi function generator supplies a variable amplitude and variable frequency 
alternating current signal. The frequency of the signal is shown on the LCD display. 
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Only a limited number of functions are required for this practical and they have been 
highlighted in Figure 4-2. 

 
Figure 4-2: Signal generator 

 
A brief description of all of the controls is given below: 
 

�  POWER switch: On the rear of the instrument. 
 

�  ATTENUATOR switches: Controls the attenuation of the signal. Set to released. 

�  FUNCTION  switches: Choose a sine waveform. 

�  DC OFFSET ADJUSTMENT: Adds DC component to AC signal. Set to zero.  
�  OFFSET BUTTON: Depress to turn off the display of the offset voltage. 

�  SYMMETRY  switch: Set to released. 
�  SYMMETRY ADJUSTMENT : Set to midpoint. 

 
�  PK-PK/RMS BUTTON : Selects between peak-to-peak and RMS voltage readouts 

on the LCD display. Choose whichever you prefer. 

�  AMPLITUDE ADJUSTMENT : Adjust until desired voltage is displayed on the 
LCD display.  

�  FREQUENCY RANGE switches: Depress the switch that corresponds to the 
maximum frequency you require. 

�  FREQUENCY ADJUSTMENT : Adjust until the desired frequency is displayed 
on the LCD display. 

 
Note that the manufacturer’s rating of this instrument is “± 1 digit”. 
 



 

25 
 

Method 
 
Adjust the signal generator to supply a sine wave with a peak voltage of about 8 V over a 
frequency range of 2 kHz to 8 kHz, and take a set of readings of the peak voltage across the 
resistor, � VR, at different frequencies f. 
 
Be careful to make sure that the input peak voltage remains constant throughout the 
experiment. Be sure you know whether the voltage you are reading is � Vrms , � Vpeak  or 
� Vpeak-to-peak , and make sure you know what the difference is between these readings. 
 
IMPORTANT: Even though the frequency of the input signal is given on the display of the 
signal generator, you must still verify the frequency readings by performing time 
measurements on the oscilloscope. This is an activity you will need to do during the 
practical exam, so make sure you know how to do it! 
 
Tabulate the readings of both the displayed and calculated frequencies in your tables and 
then plot a graph in your laboratory book of the linearised data. Special care needs to be 
taken when choosing the scales of the axes. 
 
Implement the least squares method in EXCEL and determine the ‘best fit’ to the data. 
Given that the resistance R is 220 �  with a ‘tolerance’ of 5%, determine the capacitance of 
the capacitor C. 
 
How well does the y-intercept of your best-fit compare to the theoretical prediction? 
Explain any discrepancies. 
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5 LRC Resonance 
 

NOTE: 
The ‘deliverable’ for this practical is a full write-up to be handed in by 5:00 pm on 
the day of the practical. 
In this practical, you need to pay special attention to the plotting and interpreting of  
the graph that shows the characteristic response of an LRC circuit when an 
alternating current (AC) signal of varying frequency is applied to the circuit. 
Note that the shape of the graph is not a Gaussian (i.e. it is not symmetrical about 
the resonance frequency) and you are required to explain why that is so as well as 
to comment on  the validity of approximating it to be a Gaussian. 
By the end of this practical, you should be able to use the oscilloscope to measure 
both voltage and frequency with confidence. 

 

5.1 Aim 
 
The aim of this practical is to investigate the response of an LRC series circuit to a 
sinusoidal voltage of a variable frequency and to determine the circuit’s resonance 
frequency. 

5.2 Theory 
 
As the name implies, the LRC series circuit contains an inductor (L), a resistor (R) and a 
capacitor (C) which are connected in series across an AC power supply. 
 
 

 
Figure 5-1: Circuit for LRC experiment 
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It can be shown that the instantaneous current in the circuit is given by 
 

i(t)  =  Io sin(� t + � ),  Eq. 5-1 

where 
 
Io = amplitude (or peak value) of the alternating current 

�  = angular frequency of applied signal (�  = 2�  f) 

�  = the difference in phase between the applied voltage � V and the current  i  in 
the circuit. (The phase difference occurs because the voltage across the 
capacitor, and the voltage across the inductor, are not in phase with the 
current going through each of these components.) 

 

The value of �   in Eq. 5-1 is given by: tan �   = (�  L – 1/�  C)/R. The peak current Io is 
related to the peak voltage � Vo  applied across the circuit by: 
 

2 2/ ( -1/ ) .o oI V R L C� �� � �        Eq. 5-2 

 
If the applied peak voltage � Vo  remains constant, then the peak current Io depends on the 
angular frequency �  (and hence also the frequency f) of the applied signal. A typical plot of 
peak current Io vs applied frequency f is shown in Figure 5-2. 

 

 
 

Figure 5-2: Typical plot of peak current vs. frequency 
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Note from Figure 5-2 that, at low frequencies, the peak current Io is low; and that as the 
frequency is increased, the peak current rises to a maximum Ir before falling off again. 
 
The frequency fr at which the peak current is a maximum is called the “resonance 
frequency”, and this occurs when the condition �  L = 1/�  C is met. 
 
At resonance, �  2 = 1/LC and so the resonance frequency  fr  is given by: 
 

.
2

1

LC
f r

�
�           Eq. 5-3 

Because this is a series circuit, the current at any instant is the same everywhere in the 
circuit and so the measurement of Io  in the resistor R determines the peak current 
throughout the circuit. Since the peak current through the resistor is directly proportional to 
� VR (i.e. Io = � VR/R), the measurement of � VR (the peak voltage across the resistor) at 
resonance allows one to determine the peak current Io at resonance, which has been 
designated Ir in Figure 5-2. 
 
5.3 Apparatus 
 

You are supplied with a 220 �  ± 5% resistor, a 0.022 � F ± 5% capacitor, a coil of 
unknown inductance, a function generator and an oscilloscope. The frequency of the AC 
signal from the signal generator may be read off the display on the front panel of the 
function generator, but it is very important  that you know how to find the frequency of the 
applied signal by using the oscilloscope. Make sure you do so! 
 
5.4 Method 
 
Connect the circuit exactly as shown in Figure 5-3. 
 

 
 

Figure 5-3: Circuit diagram including oscilloscope connection 
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Caution: Interchanging the position of the L, C and R components in the circuit 
may lead to one or other of the components being “shorted out” through the earth 
connection of the oscilloscope and the signal generator, so make sure that the earth 
lead (the black connection) of the signal generator is connected to the earth lead (the 
black connector) of the oscilloscope. 
 

Select the sinusoidal output waveform on the function generator and set the amplitude of 
the output signal from the signal generator to a voltage between 4 V and 8 V. 
 
Now “sweep” through a range of frequencies, starting at 1 kHz, and observe what happens 
to the voltage across the resistor at the various frequencies. You should see that around a 
particular frequency there is a fairly sharp increase in the peak voltage across the resistor. 
 
The frequency at which the peak voltage across the resistor is a maximum is the resonance 
frequency fr. 
 
Having established the approximate resonance frequency, next decide the range of 
frequencies over which you will take your measurements. Now, turn the frequency down to 
the bottom of the range and begin to record accurate readings of the frequency and the peak 
voltage � VR across R. 
 
Increase the frequency slightly and record � VR, making sure that the applied peak voltage 
remains constant at whatever value you have selected. Repeat this procedure until you have 
covered the frequency range you initially decided on. Make sure that you take more 
readings in the vicinity of the resonance frequency. 
 
Plot a graph of Io vs f and determine the resonance frequency fr . 
 
Having obtained fr, calculate the inductance of the coil using Eq. 5-3. Be sure to propagate 
the uncertainty and to quote the final result correctly. 
 
Finally, set the frequency of the signal generator to the resonance frequency and then check 
the reading on the signal generator display by using the oscilloscope. Do the two frequency 
measurements (oscilloscope and signal generator) agree? 
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6 Sodium Spectrum 
 

NOTE: 
The ‘deliverable’ for this practical is a full write-up to be handed in by 5:00 pm on 
the day of the practical. 
In this practical, the focus is on learning to use the spectrometer. 
No uncertainty calculations are required for any of the measurements, but possible 
sources of uncertainty should be discussed. 
 

6.1 Aim 
 
The aim of this practical is to study the emission spectrum of atomic sodium using a 
diffraction grating. 
 
6.2 Introduction 
 
Sodium has an atomic number of eleven. The sodium atom may therefore be pictured to 
consist of a positively charged nucleus surrounded by eleven electrons.   In terms of the 
Bohr model of electron orbitals, and according to the Pauli Principle, each orbit may be 
occupied by no more than two electrons. Two of the eleven electrons will occupy the 1s 
orbital, another two the 2s orbital, and six the three 2p orbitals, thereby completely filling 
the n = 1 and n = 2 shells.   (Here the 1 and 2 refer to the principal quantum number n and 
s, p refer to the angular momentum quantum number l = 1, l = 2, etc). When the sodium 
atom is in its ground state, the remaining electron will occupy the 3s orbital. However, this 
electron can be relatively easily excited to one of the higher states and, on de-exciting, the 
electron will emit a photon whose wavelength �  is determined by the energies of the 

orbitals between which it is undergoing transition (i.e. �/21 hcEE �� ). The energy level 

diagram of sodium, together with the various allowed transitions, is shown in Figure 6-1 
below. 
 
We shall use a diffraction grating to study the sodium spectrum. With a grating, an intensity 
maximum (constructive interference) is observed only if the wavelength of the photon �  is 
related to the grating spacing d by the relationship 
 

 n�� = dsin� n ,  Eq. 6-1 

 
where n  is the order of the spectrum, and 

 � �n
 
is the angle between the zero and nth order spectral lines. 

 

Photons of a different wavelength �  (i.e. emitted by electrons undergoing transitions 
between different sets of levels) will satisfy the diffraction condition at different angles. 
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The spectrum of sodium will therefore be dispersed (spread out) by the diffraction grating 
and can be observed using a spectrometer. 
 

 
Figure 6-1: Energy level diagram of atomic sodium 

 
The horizontal lines in Figure 6-1 indicate the energy levels of the orbitals in sodium.   
Also indicated in the diagram are some of the allowed transitions, together with the 
wavelength of the associated photon. Sodium light is dominated by two characteristic 
yellow-orange wavelengths (589.0 nm & 589.6 nm), often referred to as a “doublet”, that 
are emitted when electrons make transitions between two very closely-spaced “lowest 
excited levels” to ground level. The two lines in the “doublet” are so close together that 
they often seem blurred together as a single line.  
 
6.3 Apparatus 
 
Obtain a diffraction grating from a demonstrator and record its number in your lab book. 
Indicated on the diffraction grating is the number of lines per mm or lines per inch on the 
grating. The reciprocal of this will give the spacing between lines in mm or in inches. Use 
this to work out the spacing between lines in nm (1” = 2.540 cm). 
 
Details on the operation of the spectrometer will now be discussed. 
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Description of spectrometer 
 
The spectrometer is an instrument for the measurement of angles of deviation of light rays 
resulting from reflection, refraction or diffraction. The essential features of the 
spectrometer are shown in Figure 6-2 below. 

 
 

 
 

Figure 6-2: Spectrometer components 

 
A circular horizontal plate P, which carries the main scale graduated in degrees, is mounted 
on a vertical column that also carries the telescope. 
 
The collimator consists of a tube carrying a slit S of adjustable width and so mounted that it 
can be placed in the principal focus of the lens L. This arrangement makes it possible to 
regard slit S as an infinitely distant line-source of light, for waves (light rays) that originate 
at S become plane waves (parallel rays) after passing through L. 
 
If you examine the spectrometer, you will see several screws and clamps that are used in 
adjusting the instrument. The spectrometers have already had their turntables levelled, so 
do not touch the three turntable levelling screws. Examine the various clamps to acquaint 
yourself with their features, and consult a demonstrator if you are unsure of how they are 
used. 
 
Focusing the spectrometer 
 
Carry the whole spectrometer carefully to the wooden supports specially provided at the 
laboratory windows.  Begin by focussing the eyepiece. Point the telescope at the sky. Start 
with the eyepiece screwed (or pushed) in as far as it will go, then move the eyepiece 
outwards until the crosswires become visible and sharp and then become indistinct again. 
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Relax your eye as much as possible, and slowly move the eyepiece in again until the 
crosswires are perfectly sharp. 
 
Next focus the telescope itself. Point the telescope through the open window and without 
disturbing the setting of the eyepiece, focus the telescope, i.e. move the objective lens 
relative to the crosswires, until some distant object (a kilometre or more away) is in sharp 
focus at the same time as the crosswires. This gives a rough setting only. 
 
For a final setting, adjust the objective until there is no parallax between the crosswires and 
the image of the distant object (the method of no parallax is described in the next section). 
The telescope is now “focused for parallel light”, because only parallel rays will come to a 
focus exactly on the crosswires, and only an image exactly on the crosswires will have no 
parallax with respect to the crosswires when viewed through the eyepiece. 
 
Carry the spectrometer carefully back to its place in the darkroom, without disturbing the 
telescope. Rotate the telescope until it is directly opposite and in alignment with the 
collimator. Open the slit of the collimator to a width of about 0.5 mm, and check that it is 
vertical. Illuminate the slit using the sodium lamp provided, then look through the telescope 
for the image of the collimator slit. You should see a blurred bright line instead of a clear 
image of the slit. Do not re-focus the telescope, but adjust the draw tube of the collimator 
until the image of the slit can be seen distinctly and without parallax with respect to the 
crosswires of the telescope. The collimator now produces a beam of parallel light rays. 
 
The method of no parallax 
 
In geometrical optics we frequently need to locate and measure the position of an image, or 
to adjust an optical system forming an image, so that the image is located at a particular 
position, such as the crosswires in the eyepiece of a telescope or microscope. For example, 
when a pin is viewed through a lens, we may see an image of the pin which is formed at a 
position different from that of the pin itself. The position of the object, or pin, is easy to 
measure, but how can we determine the position of its image? Additionally, in the case of a 
microscope or telescope, how can we ascertain that the position of the image which we 
observe coincides with the crosswires in the eyepiece? The method of no parallax provides 
a technique for achieving these objectives. 
 
Parallax is defined as the apparent displacement of one body with respect to another when 
the position of the observer (not of the bodies) is changed. As an example, two pencils may 
be held at arm’s length in line with one eye, but with one pencil a few centimetres behind 
the other. Hold one pencil point up, the other above and behind it with the point down. 
Without moving the pencils, move your head from side to side and note that the pencils 
seem to move apart and together again as you move your head. 
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However, as you bring the more distant pencil closer to you, the relative sideways 
movement of the pencils decreases. Eventually, when the two pencils are exactly the same 
distance from your eye, moving your head does not cause a relative shift of the pencils. At 
this stage we say there is “no parallax” between the pencils and we can be confident that 
they are the same distance from the eye. The same technique can be used to set two images 
(whether real or virtual) at the same distance from the eye, or, for that matter, an image and 
a pin, or perhaps an image and a crosswire. 
 
 
 

 
 
 

 
 

Figure 6-3: The method of no parallax 

 
Using the spectrometer 
 
The spectrometer is now adjusted for use in this experiment. Do not change the settings of 
the eyepiece, telescope and collimator during the course of the experiment. In order to 
swivel the telescope, handle only the arm to which it is attached, and not the telescope 
itself. All readings should be taken by aligning the crosswires with the fixed side of the slit. 

For ease of taking readings, the crosswires should be arranged at about 45�  with respect to 
the slit, rather than parallel and perpendicular to it. 
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Thus 
 

 
 

Figure 6-4: Alignment of crosswires 

 
To achieve greater accuracy, make the collimator slit as narrow as possible while still 
remaining clearly visible. To take readings accurately, set the crosswires on the fixed side 
of the image of the slit, clamp the telescope and use the fine adjustment provided by the 
tangent screw to obtain an exact setting. 
 
The spectrometer has two vernier scales for accurate measurements of angles.   Examine 
the verniers carefully to be sure you know how to read them. Readings should be taken to 
the nearest minute of arc.  When the telescope is shifted from one position to another, one 

of the verniers may move past the 360�  mark of the circular scale. This must be taken into 
account when calculating the differences between the two positions. 
 
To read the verniers one must first establish the least count. Observe the size of the smallest 
divisions of the main scale and the number of divisions on the vernier. If the smallest 
division on the main scale is 0.5, and 30 vernier divisions are equal to 29 main scale 

divisions, the least count is: 0.5 1/ 30 1/ 60� � � 1 minute of arc )1(' . 

 
6.4 Observing spectra produced by diffraction 
 
Place the grating in the centre of the turntable of the spectrometer, perpendicular to the 
light beam from the collimator. Look through the telescope in the direction of the axis of 
the collimator: you should see a bright yellow line, which is the zero order “image” 
produced by the grating. Rotate the telescope slowly either to the left or to the right until 
you see the first order spectrum. Record the colours you see, in the correct order. Which 
colour is deviated the least and which the most? Does this agree with that predicted by Eq. 
6-1? 
 
Next check that the grating is perpendicular to the collimator. First return the telescope to 
the central image and set the crosswires on the fixed edge of the slit image. Read both 

verniers; the readings should differ by 180� . Turn the telescope to the right and record the 

fixed edge ……. is better than 
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position of the first order yellow doublet line. Then turn the telescope to the left of the zero 
order and again measure the position of the other first order yellow doublet.   By 
subtracting these readings from those of the central image you can find the angular 
separation of the two first order images. If these two differ by more than a few minutes of 
arc, the grating is not perpendicular to the light beam, and should be repositioned more 
carefully. 
 
6.5 Measuring the wavelengths of spectral lines 
 
You are now in a position to measure the wavelengths of the spectral lines. Select two lines 
in the spectrum and check to see that the selected lines remain visible in the second and, 
hopefully, the third order spectrum (one of the two lines should be the yellow doublet). 
Generally, both verniers of the spectrometer should be read for accuracy. However, for 
these measurements, you need read only one to save time.   So choose a vernier that is 
easiest to read for readings “left”  and “right” , and be sure to use it for all the readings. 
 
Turning the telescope to the left, set the crosswires on the yellow doublet line in the 1st-
order spectrum and take the reading on the vernier. Now measure the angle of the other 
chosen spectral line in the 1st-order spectrum.   Move the telescope to the 2nd-order 
spectrum and repeat the measurements. Continue for as many orders as you can see. 
Remember to read the same vernier for each setting. Repeat these readings in reverse order, 
returning from highest to 1st-order, and take the average of the two readings for each order. 
Repeat the procedure while turning the telescope towards the right. By taking the difference 
between the “telescope left” and the “telescope right” readings for a given spectral order, 
we obtain values for �2 , as shown in Figure 6-5. 

 

 
Figure 6-5: Method for obtaining the angle 2�  
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need to calculate the uncertainties in these calculated values, although you should identify 
sources of uncertainty and draw up an uncertainty budget. 
 
6.6 Identifying the transition 
 
Having measured the wavelengths of two lines in the sodium spectrum, your last task is to 
identify which transitions were responsible for the lines of your choice. This can be done 
with the aid of Figure 6-1. Can your chosen lines be unambiguously identified? 
 
 


