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Introduction

Motivation

An oscilloscope is an important tool for displaying and evaluating all kinds of di↵erent parameters or relations

between electric signals - And by that useful to investigate any kind of behavior or phenomenon which can be

translated into such a signal. In this experiment we explored some features of the oscilloscope, and use it to

determine certain characteristic properties of pre-generated signals, as well as some relations to each other.

Underlying physics

The basic idea of the oscilloscope is to display how a voltage behaves over a time period. To do that, classically

a cathod ray was used, which could then be redirected by condensators, according to the voltages that are to be

measured. The ray would hit a fluorescent screen, which ultimately renders the course of the cathode ray.

This analog version is today mostly replaced by a digital version, which is able to translate the analog input

signal to a digital signal, and sample out the data to generate the neccessary curves at great rates, making it able to

render real fast changes in the signal, and also bu↵er them as neccessary. This is very handy for visualizing signal

bursts of short duration, but comes at the cost of the resolution of the curv being dependent on the sampling rate,

while the resolution of the analog model stays true to the original signal.

Oscilloscopes do in general have the option to switch from th YT-mode of rendering the signal over time, to

rendering one signal as a function of the other in the XY-Mode. This mode can then be used to read out information

over the relation of the two signals by evaluating the Lissajous-figure which is created: A special kind of figure which

results from the superposition of two harmonic oscillations. From its dimensions, ratios and knots information on

the functions relation can be gathered.

Another very important feature, apart from scaling and positioning the signals on the screen, is the option to

trigger the rendering of the image in the exact moment the signal reaches a certain value, wich will then cause

the resulting image to practically be a freeze frame of the function which is being examined. If this triggering

mechanism is not properly set up, lower frequencies will move over the screen, and higher frequencies will cause the

displayed function to flicker around, making it almost impossible to gather useful information.

Setup

For the first part of the experiment, we use a ”Peak Tech 4055 DDS” function generator, which, operating at a

relatively low frequency, is directly plugged into the ”TBS1072B-EDU” digital oscilloscope. Certain functionalities

of the setup are the explored, as described below.

In the second part we use a function generator to power a signal generator, which is then connected to the

oscilloscope. The signal generator comes pre-equiped with five di↵erent knob states, and a lever which can switch

between two states. We examine the functions, again as described below, and use a USB-stick to save and print

the data from the oscilloscope.

For the third part, we swap out the signal generator for a phase shifting device, of which we wire the two outputs

into the two inputs of the oscilloscope. Di↵erent modes and tools, which are described below, are then used to

generate the diagrams from which the angle of the phaseshift will be calculated in the evaluation.
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Measurements

For the first part, we set the function generator to generate a sine wave at a frequecy of 100Hz, we then check

for the attenuation to be set to the ”1X Voltage”-setting. By varying the trigger level, we get the function to

practically ”freeze” for further examination. We the proceed to investigate the e↵ects of the vertical and horizontal

position and scale controls. We also change the trigger modes from ”auto” to ”normal”, and vary the trigger slope.

For the second part, we first activate some helpful displays in the oscilloscope: We use the option to automatically

measure and display the mean value of the voltage, its minimum and its maximum, as well as its period and its

peak-to-peak voltage. We then cycle through all of the di↵erent knob settings, while always keeping the coupling

mode of the oscilloscope set to DC, except for the third knob, for which it is set to AC. We keep the lever pointed

at the ”square wave” symbol for all knob states except for the fifth one. Graphics of all waves are saved to the

USB, this is done after scaling them and altering their positions in such a way that multiple of their periods show

in the display frame (1 to 5). After doing this with the fifth signal, we scale up this one in such a way, that only

one period is shown in the frame, so that maximum enlargement of the signal can be achieved. This frame is then

saved too (6).

For the third part, we will concentrate on two di↵erent arbitrary states of the phase shifting knob, for each of

which we save one frame in the normal YT-mode where both of the signals are at the same height, and comparable

vertical scale in X-direction (7 and 9), and one frame in the XY-mode, where the two signals induce an elliptical

curve, which is as big as possible, but still fits into the frame (8 and 10).

Evaluation

Basic functionalities with the function generator

It is important that the attenuation setting is set to the right value, otherwise the voltage values will be multiplied

by the chosen factor. The scaling options a↵ect the voltage curve by scaling it by a constant factor, either in the

X- or the Y-direction. This factor would of course change the readings, which is why a scaling-factor of volts or

seconds per division is always displayed on the screen, and changes depending on the setting chosen. The position

knobs only change where the signal is displayed on the screen. The trigger settings are really important: They

determine when a new frame is to be rendered: The signal is no more drawn in real time, rather every time it

crosses a certain treshold, which enables us to, for practical purposes, look at a certain snapshot of the signal we

are examining.When selecting di↵erent trigger slopes, the signal shifts by half a period in the x-direction.

Examining the di↵erent states of the signal generator

The goal in the second part of the experiment was to determine the period, or the frequency of the respective signal,

as well as its peak to peak voltage and its direct current component. The signal can be processed for all of these

values by the oscilloscope, and it can automatically display them. The period and frequency are directly displayed,

as well as the peak-to-peak voltage. In our case, the ”mean” value corresponds to the DC component, as the when
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the DC component is equal to zero, the mean value will be too, and any deviation from this zero-state will have

the exact same e↵ect on both variables - In order to achieve a change in the mean value, it would need a constant

addition of a certain voltage value, just what a DC-current will produce. Thus, we can take the mean value as a

reading for the DC component. Using this method, and estimating the errors to be in the range of the last digit on

the display, we get the following values (see record of measurements):

Table 1: Signal generator data

Knob setting 1 2 3 4 5

Period [µs] 7, 960± 0, 001 5, 580± 0, 001 43, 200± 0, 001 13, 120± 0, 001 43, 700± 0, 001

Frequency [kHz] 125, 917± 0, 001 179, 328± 0, 001 23, 170± 0, 001 76, 201± 0, 001 22, 915± 0, 001

Peak-to-peak-voltage [V ] 2, 380± 0, 001 10, 600± 0, 001 0, 520± 0, 001 3, 680± 0, 001 22, 800± 0, 001

DC component [V ] 0, 139± 0, 001 �2, 800± 0, 001 �0, 001± 0, 001 �5, 19± 0, 001 �0, 324± 0, 001

Minimum value [V ] �1, 060± 0, 001 �8, 200± 0, 001 �0, 264± 0, 001 �7, 040± 0, 001 �11, 800± 0, 001

Maximum value [V ] 1, 320± 0, 001 2, 400± 0, 001 0, 256± 0, 001 �3, 360± 0, 001 11, 000± 0, 001

We shall now have a look at the half life of the last signal. In order to determine it, we enlage it as describe,

and estimate its maximum and minimum graphically, before drawing a line in the exact middle of the two. We

then measure the distance in X-direction between the point this line intersects the graph, and the X-coordinate

of the maximum, and multiply it with the corresponding scaling factor. We estimate the error to be the time

corresponding to one millimetre on the paper, which, rounded up anyway, is much greater than the error by the

oscilloscope itself, thus rendering it neglectible. By doing this in 6, where we calculate the number of divisions by

dividing the distance measured by the width of one division, we can find the half life to be: (3± 0, 04)µs

Calculating phase shifts by the phase shifter

We will now determine the phase shift ' between the two di↵erent signal pairs generated with the phase shifting

device. This can be done in two ways: For one we need to find out the time di↵erence t between two equal points

in the wave, from which the angle of the phaseshift can be calculated according to:
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Where we use the same errors as before for the frequency, and estimate one millimetre of error on paper for the

time. The time di↵erence itself can be found easily when looking at the image of the two signals - If they are scaled

and positioned accordingly, the time di↵erence can just be read out graphically. This is done for 9, which then

yields ' = (108, 00± 0, 14)
�
, and 8, which yields ' = (61, 20± 0, 14)

�
.

The other method is to shift the oscilloscope into the XY-mode. There the comsition of the two signals will

result in an elliptical curve being drawn. We can then determine the ratio of the distance between its two points at

x = 0, a, and the distance between the two points which are farthest apart in the X-direction, b, which will equal

the sine of the angle of the phase shift. We can write:

sin(') =
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Again with one millimetre as the estimated graphical error, which should make other errors neglectible. This, when

applied to 9 yields ' = (71, 43± 2, 58)
�
, and applied to 8 yields ' = (60, 41± 1, 67)

�
.

Discussion

Summary

From the first part of the experiment we can see that the oscilloscope is ideal for doing all kinds of changes and

adaptions to the signal which is fed into it, after identifying the di↵erent abilities and purposes of the control knobs

on the oscilloscope.

In the second part of the experiment we were able to get many di↵erent pieces of information on the di↵erent

parameters of the signal, as we fed five di↵erent signals into it and examined them thoroughly. We also determined

the half life of one of the signals.

In the third part of the experiment we used two di↵erent coupling modes (YT/XY) to determine the phase shift

of two pairs of signals in di↵erent ways: Either by directly measuring the time di↵erence (YT-mode), or analyzing

the elliptic Lissajous-figures that are created when using the XY-mode. From this, we got di↵erent values for the

phase shifts, which we discuss further down below:

Table 2: Summary of phase shift angles

1. 2.

YT (61, 2± 0, 14)
�

(108, 00± 0, 14)
�

XY (60, 41± 1, 67)
�

(72, 43± 2, 58)
�

Discussion

Phase angles

The second task is indeed a good proof that the oscilloscope can be a very useful tool for quickly and accurately

measuring di↵erent parameters. It should be noted though that as we have no means of comparing out findings to

any data, it is really hard to determine if any grave statistical or even systematical errors occured.

In the case of the phase angles, the two methods should yield similar results. The only grave deviation that

immediately springs into the eye is the di↵erence for the first two phaseshifts - With the YT-method we get

(108, 00 ± 0, 14)
�
, while the XY-method yields ' = (71, 43 ± 2, 58)

�
. This discrepancy can easily be explained

though - It has to do with the direction of the shift: For our purposes, a shift of 108, 00
�
is practically equivalent to

a shift of 72, 00
�
, as it can be translated by the subtraction of a half circle, 180

�
. These are regarded as equivalent,

because the phase shift is symmetric under this kind of transformation. By using this identity, we can now compare

the di↵erent results:

Table 3: Comparison of phase shift angles

1. 2.

YT (61, 2± 0, 14)
�

(72, 00± 0, 14)
�

XY (60, 41± 1, 67)
�

(72, 43± 2, 58)
�

Absolute deviation 0, 79
�

0, 43
�

Relative deviation 1, 29% 1, 01%

From this we can see that the results are quite compatible. Both of the deviations lie in the error margins of the

XY-method. While they are greater than the error magins of the YT-method, this might be due to a possible

underestimation of the YT-error. It seems that because of its smaller error margins, the YT-method is more

accurate. Though again, the errors are estimated rather than calculated, so they do not neccessarily reflect the real

accuracy. Another possibly way to explain the great error of the XY-method would be the error equasion itself -
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as the angle is calculated via the arcsin, its error behaves very agressively for values near one. On the other hand

this would mean that maybe the method becomes feasible for values near zero, or very small angles, in our case.

In summary, the YT-method seems to be fit for bigger angles, as they are easier to read o↵ the diagram, and the

XY-method is more fit for smaller angles, as its error gets smaller.

Criticism

A good way to check the measurements for systematical errors and maybe determine the statistical error would

be to apply a well known taring voltage, so that even small deviations from the expected values can be identified,

and to do multiple measurements on multiple devices to get an idea of the statistical error, and maybe calculate a

standard deviation. When it comes to , it might be a good idea to revise the errors, as all of them were estimated

to be at the last digit of the displayed numbers. This might not be true to the oscilloscopes capacities, as it may

well be the case that there are settings and ways by which the accuracy could have been increased if used properly.

It could also be the case that errors were underestimated though - This is hard to tell because of the absence of

any values to compare to.

One way to make the graphic evaluation more accurate would be to generate more graphics of the situations,

then evaluate them, and calculate a mean value. This would partly compensate the statistical error due to the

slight flickering of the signals on the screen, as well as the error due to the graphical evaluation. One could also

calculate a mean deviation, which would give a better idea of the actual error of the results.

Diagrams

Figure 1: Knob position 1 Box (DC)
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Figure 2: Knob position 2 Box (DC)

Figure 3: Knob position 3 Box (AC)
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Figure 4: Knob position 4 Box (DC)

Figure 5: Knob position 5 Degrade (DC)
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Figure 6: Knob position 5 Degrade halflife evaluation
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Figure 7: Phase shift 1 YT
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Figure 8: Phase shift 1 XY
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Figure 9: Phase shift 2 YT
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Figure 10: Phase shift 2 XY
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