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an Incandescent Lamp

B Setting the same output for direct and alternating current using the brightness of two light bulbs as a guide.

B Comparison of the measured values for output and voltage

Principles

A direct current U= will deliver its output to an ohmic consum-
er.

With alternating current, U- varies with the time. U_=U(t).

This also means that the output delivered does not remain
constant over time. So for periodic voltages and currents, the
average output over a time period T is usually the object of
consideration.

The root mean square (rms) value U efof the alternating cur-
rent denotes the voltage that delivers the same output to an
ohmic consumer on average over time as direct current

U_=U, delivers.

During the experiment, two identically constructed light bulbs
will be operated with the same electrical output: one light bulb
with direct current, the other with alternating current. Two
different methods will be used to determine the equality of the
outputs:

1. The brightness of the two lamps will be compared.

2. The outputs will be measured with an electronic power
meter.

This will demonstrate that the power meter measures the
same output no matter the type of voltage (direct or alternat-
ing current).

In addition, the voltage applied to each one will also be
measured. For direct current, the measuring device will show
the applied voltage value U-; for alternating current it will
show the rms value Uetr. It will be demonstrated that when the
output is the same, the rms value of the alternating current
corresponds to the direct current value.

Fig. 1: Experiment set-up

Devices
1 Joule- and wattmeter......ccoooovvvvviiiiieeeeeeeeiieeeeeeee 531 831
1 Set of 10 light bulbs 6V/3W .......ccccevviieeeiiiieens 505 14

2 Lamp holder, E10, top
2 Plug-in board SeCtion...........cccvveivvieiniieeesiieeenn

1 AC/DC power supply 0..12 VI 3 A ..o, 521 485
1 Pair of connecting leads 50 cm, red/blue............. 501 45
2 Pair of connection leads 100 cm, red/blue........... 501 46

Also required:
1 piece of white paper DIN A5
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Fig. 2: Schematic
Set-Up

The experiment set-up is shown in Figure 1. Figure 2 shows
the corresponding circuit diagram. The following steps must
be taken for set-up:

- First fold the paper down the middle, then fold down the
sides so that a T-shaped comparison screen is created
(see Fig. 1).

- Screw the light bulbs into their sockets and place them on
the breadboard segments.

- Connect a light bulb to the alternating current outlet 6 V of
the AC/DC power supply.

- Connect the direct current outlet of the AC/DC power sup-
ply to the inlet for the joule- and wattmeter. Connect the
second light bulb to the outlet of the joule- and wattmeter.

- Set the two light bulbs to the left and right of the main
divider section of the comparison screen, so that each bulb
lights up half of the cross-piece. The breadboard segments
should each be touching the cross-piece so that both light
bulbs are the same distance from the screen. Only when
they are the same distance from the screen, can direct
conclusions about the brightness of the bulbs be drawn.

Execution and Measuring Example

a) Measurement of direct current and direct current out-
put

- Turn on the power supply. The light bulb that is connected
to the alternating current outlet 6 V lights up.

- Increase the direct current until both halves of the compar-
ison screen are lit with equal brightness.

- Don't change the settings for the direct current any more
for the remainder of the experiment!

- Measure the direct current U= and output P=with the joule-
and wattmeter.

Measuring Example:
U_=6,20V
P_=3,05W

b) Measuring the alternating current and alternating cur-
rent output

- Turn off the power supply.

- Swap the connections for the direct and alternating cur-
rents, so that one bulb is connected directly to the direct
current and the other is connected to the alternating cur-
rent through the joule- and wattmeter.

- Turn the power supply on again. Both halves of the com-
parison screen are once more lit with equal brightness.

- Measure the rms value of the alternating current Uest and
output P~ with the joule- and wattmeter.

Measuring Example:
U, =6,01V
P.=2,99 W

Evaluation

If the bulbs are lit with equal brightness, then the average
output delivered is the same for direct and alternating current.

The outputs P= and P- measured with the joule- and wattme-
ter agree with each other once measuring error is taken into
account (approx. 1.4% measuring accuracy). So the power
meter measures the same output no matter the type of volt-
age (direct or alternating current). This means that the aver-
age output delivered is shown for alternating current.

The voltages U= and Uert measured with the joule- and watt-
meter are also approximately in agreement. When the output
is the same, the rms value of the alternating current corre-
sponds to the value of the direct current.
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