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Oscilloscope and electric measurements
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1 Introduction

In this lab exercise the student will get to know the oscdlm®e and multimeters, connect a
simple electric circuit following a circuit diagram and eéully record data. The exercise is
divided into two parts. The first part is about getting to kribw oscilloscope, making simple
measurements with it and comparing with results from a mméter. In the second part we
explore discharge of a capacitor and compare the resulisawitodel of such discharge.

2 Firstinspection - without recording data

Instruments used are the oscilloscope, a function gerredagital multimeter, a variable resistor
and a capacitor. Descriptions of the oscilloscope and thetion generator are in treppendix
under ,Sveiflusja-lysing” and ,Sveiflugjafi-lysing“Read these descriptions before you start
the experiment

e Set the function generator to a sine wave, around 1000 Hadrmezy and a voltage oy
tolV.

e Connect channel 1 of the oscilloscope to the output of thetfon generator, choose
to view CH1 (#4) and make sure to trigger on CH1 (#5). Numbefsrrto Fig. 2 in
~Sveiflusja lysing".

e Try to achieve a steady picture of the wave on the screen sty the trigger voltage
(#1).

e Change the frequency and the voltage on the function gemeaatl observe what happ-
ens. Also try changing to a square wave.

e Change the voltage amplification and try shifting the pietup and down on the screen.
e Change the speed the ray traces across the screen.

e Change teltal settings (#13, #14 and #17) to see how they work but leave théheir
original positions.

e Change #4 talt and observe both channels simultaneously - the voltage ameth 2 is
probably zero.

e Move the trace to the right (#16) so the beginning of the tracm the screen. Adjust the
trigger voltage (#1) and observe how the trace is triggetetifferent places. With the
SLOPEbutton you choose whether the trace is triggered on a rigiagfaling voltage.



3 Exercise with oscilloscope

This part is about learning to use the equipment: the osciipe and multimeter. You complete
theready made formand sketch your setup on them.

3.1 Measuring AC voltage
e Set the function generator to 1 - 2 kHz and the voltage betv%mrd 1V.

e Adjust the oscilloscope until an acceptable (size) traa#btained, i.e. one that utilizes
most of the screen.

e Measure the amplitude and the period of the wave on the screen

e Connect a multimeter set ¥ms to the output of the function generator (along with the
oscilloscope, it shouldn't have any effect). Measure thigage output of the function
generator.

e Compare these two voltage readings (reading off oscillps@nd multimeter) and two
frequency values (reading off function generator and measent from screen).

e Repeat this for higher frequency, e.g. 30 - 40 kHz. Multimet@don't all handle high
frequency very well.

Note: AC meters measureVyys that relates to the AC voltage amplitude as
Vims = Vo/v2. This must be taken into account during comparison.

3.2 Line frequency, or “house electricity”

The so-called “line voltage”, supplied by the power pla@B@V;ms i.e. oscillates between +
and - 325 V) is too high to observe directly on an oscilloscopeerefore we use a doorbell
transformer to convert to a lower voltage.

e Observe and measure the output voltage of the transforrdeharirequency of the power
line (same as frequency at output of the transformer).

e Connect the function generator to the free channel on thilasmpe and set it to a
similar frequency as the one you measured at the transfautput.

e Observe both at channels simultaneously (set #dttor Chop and set the output voltage
of the function generator or the amplification on the ossitlape so the amplitudes of the
two signals, or waves, are similar.

e Next observe them in xy-mode (#18), fine tune the frequentyeatunction generator to
obtain a stable picture.

¢ Increase the frequency n=2,3,4times at the function generator and sketch the pictures
you observe. These are named after a French mathematitésrAltonie Lissajous who
first observed them with sand falling from a coupled pendulum



4 Time constant of RC-circuit

This is the main part of the lab session. We shall measuredhage change across a resistor
in an RC-circuit as a function of time. The we process the dathcompare it with a model for
the voltage drop (across the resistor) in such a circuit.

4.1 Output impedance (internal impedance) of a function gearator

Before we can start our measurements on the RC-circuit we taks a closer look at the
function generator. In general we can consider any poweplgyfunction generator, battery
etc.) as two “things” connected in series. The first is anligeaer supply that always delivers
the requested voltage (EMF) and then a resistor, calledutpibresistance (or more generally
output impedance, or internal resistance/impedancelgfravhich all the current must flow.

If no current flows from the power supply there is no voltagepdn this output impedance
and the output voltage equals the EMF og the ideal power gupen current flows however
there will be a voltage drop over the output impedance anatiteut voltage therefore drops.
If we connect our power supply to a variable resistor andstdjisuch that the output voltage
is exactly half the EMF then we know the output impedanceagtasce in this case) equals the
value of the external resistor.

Measurement of output impedance of function generator

e Set the function generator to sine waVes= % —1Vimsand f =500 Hz.
e Connect the multimeter to the function generator’s outpat@cord the EMF.

e Connect the variable resistor to the function generatopwdudnd adjust the resistance
value to obtain exactly half the EMF as the output voltage.cdre the value of the
required resistance.
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Mynd 1: Function generators have output res-

istanceRinnra. A simplified picture of this assu-

mes the function generator is an ideal resist-

anceless function generator with a resistor (in-

ternal) in series. Mynd 2: RC-circuit



4.2 RC circuit - introduction

Figure 2 displays an RC circuit connected to a function geoemwith a square wave output.
The student should be familiar with the RC circuit from pretudies and should review the
relevant material (see references). When the functionrgeargumps from high to low voltage
currents will flow from the capacitor. The current will dease exponentially with time. The
current is controlled by the size of the capacitor and thal tatsistance in the circuRys =
Rinnra+ Rytra. The current can be described by

| =1g-e K (1)

where the time constart 1
K=
Raiis-C
Using Ohm'’s law we can rewrite Eq. (1) as

VR =Vro-e X (2)

We can observe this exponential function with the oscilbpgcand measure the time constant
K.

Measurement of time constant of RC circuit

e Connect the RC circuit shown in Fig. (2). Use a the capacitppbed (about 0.1F) and
set the variable resistor to R =@k

e Set the function generator to a square wave output at a fnegua about 500 Hz

e Observe the voltage across the resistorOhm’s law {/r = | - R) means the voltage must
decrease exponentialy just like the current in the circuit.

e Set the scales (#15, #7 or #8) so that the trace utilizes adsigopthe screen. Read 6 -
8 points ¢,Vr(t)} from the trace. The zero-ground voltage cant always be ss=w by
setting #11 or #12 tgnd Uncertainty/error should of course be recorded simutiasky.

e Compare these data with the model as appropriate, deteth@ertene constant = % =
RaiisC and compare with value obtained from value of R and C.

Suggestion for data processinigtodel (2) says the voltage across the resistor decreases-exp
entially with time. To see if the data fit the model we can coreghem graphically. We could
draw a graph o¥(t) as function oft, then pick the ,best” value fovp and the time constant
and draw a curve according to (2) and check if it crosses tirdlie data points. The difficulty
is in how would you choose such ,best” valuse and it is all bypdssible to tell whether one
curve fits better than another to the data points. Thereferattempt to rewrite the model to a
linear relationship between the measured quantities.
In this case is apprpriate to take the (natural) logarithragufation (2) so that

INVR =InVRry — K -t

Draw a graph of W as function oft (both with error margins of course). Does the data fit a
straight line model, and if so what is its slope? If the errothie slope overlaps the model value
for K we can say the measurements agree with the model (or vicg)vers



Addition for more advanced students

Observe the voltage drop across each component in the RGtaivdividually, the power supp-
ly (Vs), the capacitor\[c) and the resistoMg). Sketch the traces observed on the oscilloscope
and compare. Explain why the sum of all these quantitiesris. ze

Suggestion for data processing’hen the voltage drop across the function generator is ebser
ved the ground is between the function generator and thstoesilo observe the voltage drop
over the capacitor and the resistor we must move the groutidasat is between them. This
moves the reference level on the oscilloscope.

Observe the voltage drop across the capacitor on channel tharvoltage over the resistor on
channel 2. Here we must invert the signal on channel 2 so gpthls are positive. Set the oscil-
loscope taaddbut note that the voltage scale on both channels must be e, $2o0mpare the
figure obtained with the figure when observing the voltage éaross the function generator.



