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Objectives of the Experiment

of Various AC Signal Forms

B Determination of the crest values for different alternating current wave forms

B Examination of the independence of voltage measurement with the joule-wattmeter from the alternating current wave form

Principles

Voltage that changes over time provides instantaneous out-
put to an ohmic resistor
2

U (t
P(t)=U(t)-I(t)=%. 1)
The root mean square (rms) value Uett of the alternating cur-
rent denotes the voltage that delivers the same power to an
ohmic consumer on average over time as direct current
U_=U, delivers. The temporal average of the output P is
defined as

= 1 1
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This yields for the root mean square value Uet
= U, 1
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Due to this calculation rule, the root mean square value is
also indicated by Urms. The abbreviation for root mean
square (rms) stands for the calculation steps in equation (3).

If the voltage changes periodically, then the calculation of Ue
is easy because only the average of one period must be
calculated.

The crest factor o of an alternating current is defined as the
quotient of the amplitude Uo (crest value of the alternating
current) and the rms value Uef:
o= Yo . 4)

Ueff
If the maximal admissible crest value for a measuring device
is exceeded, then the measured values it identifies will be
imprecise, since the measuring device has been overloaded.
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Fig. 1 Experiment set-up

For a sinusoidal alternating current:

U(t)=Ugsinot . (5)
This yields from equation (4):

u,, -U, /%T!sinz(wt)dt . ®)

Integration yields, with wz?l_—”

=% ™
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eff\/i

So the crest factor o of a sinusoidal alternating current
amounts to

oo _ 7. ®)

Ueff

A similar process can be used to determine the crest factors
for a delta voltage a:ﬁ and a square-wave voltage o=1.

In the experiment, the joule- and wattmeter is used to meas-
ure the rms voltage Uest and the average power P for differ-

ent alternating current waves. The relation Ueﬁzx/P-R will

be verified on the basis of the measured values. The ampli-
tudes Uo of the different alternating current waves are deter-
mined with the oscilloscope. Then the crest factors are calcu-
lated from the measured values.

LD Didactic GmbH - Leyboldstrale 1 - D-50354 Hurth - Phone: (02233) 604-0 - Fax: (02233) 604-222 - e-mail: info@Id-didactic.de

© LD Didactic GmbH

Printed in the Federal Republic of Germany
Technical changes reserved



P3.6.6.4 -2- LD Physics Leaflets
Set-Up :
The experiment set-up is shown in Figure 1. The following Devices
steps must be taken for set-up: 1 Joule- and wattmeter..........cccceeciiiiiiniiniicine 531 831
- Connect the function outlet of the function generator P to | L FUNCUON GENETAON P 522 56
the inlet of the joule- and wattmeter. 1 Two-channel oscilloscope 303 ............c.ccccoeneeae. 575211
- Connect the measuring resistor 1 Q to the outlet of the ! Mgasurlng resistor L e 536 101
joule- and wattmeter. 2 Pair of Connecting lead, 19 A, 50 cm, red/blue ...501 45
1 Screened cable, BNC/4 MM .........ccccoeeeeeeeeveennnnnnn. 575 24

- Access the voltage of the function outlet of the function
generator with the oscilloscope. When doing this, be aware
of the earth for the inlets and outlets.

- Function generator settings:
Set the fine attenuator for the AC amplitude to its maxi-
mum value and the approximate attenuator to x1,
Place the adjuster for the DC amplitude in its middle posi-
tion,
frequency approx. 100Hz

- Oscilloscope settings:
DC coupling,
Trigger on LF,
Sensitivity 50mV/div,
Time base 2ms/div

Carrying Out the Experiment

- Turn on the function generator and set the wave form to
sine.

- Use the U, |, P buttons to set the measurement variable U
on the joule- and wattmeter and read off the rms voltage

Uer. Set the measurement variable P P for the mean pow-
er and read off the value.

- Use the oscilloscope to determine the amplitude Uo of the
alternating current.

Repeat the experiment for the delta and square-wave cur-
rents.

Measuring Example and Analysis

In order to verify the relation U, =\P-R , the rms value Uef,
per Of the alternating current is determined from the measured

value P . The resistance has the value of R = 1 Q.

Then the formula a:i is used to calculate the crest factor
eff

from the measured values of amplitude Uo and the rms value

Uett Of the alternating current.

The following table shows a measuring example and its anal-
ysis. The theoretically expected values ow of the crest factors
are entered for all three wave forms for comparison.

Wave form Sine Square Delta
Uett/ mV 70.5 99.0 57.1
P/ mw 4.98 9.86 3.26
Uo/ mV 105 105 103

Ueff, ber/ mV 70.6 99.3 57.1

Oexp 1.48 1.06 1.80
ot J2 =141 1 J3 =173

The alternating current's rms values Ueff, ber calculated from
the measured output p correspond to the measured values
Ueit. The joule- and wattmeter measures with high precision
the rms values of the alternating current for the selected wave
forms. For the measuring precision given in the instructions of
1 % at the end of the measuring range, a limiting value of 2 is
given for the crest factor. This is not exceeded by any of the
wave forms examined. The values calculated from the meas-
ured values for the crest factors also agree with the theoreti-
cally expected values.
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