ELECTRICAL ENERGY

OBJECTIVES:
1) Cdculatethe dectricd power disspationin aresgor.
2)  Determine the heat added to the water by an immersed hester.

3) Detemineif the energy disspated by the immersion resistor is completdy transferred
to heat added to the water.

4)  Measuretheresstance of animmersion heeter and verify that the relationship between
current and voltage obeys Ohm's Law.

INTRODUCTION

When a voltage is applied across a resstor, an eectrical current will flow through the resstor. As
an dectron travels dong, it occasiondly collides with the ions of the resstor and causes these ionsto
vibrate with grester amplitude than they had before the collison. In this way, the collisons incresse
the vibrationa amplitude and thus the vibrationd energy of the ions. This increase in vibrationd

energy corresponds to a change in therma energy (heet). Electrica energy has been converted into
heet. Thisis one example of the conversion of energy from one form to another. In this experiment
you will caculate the dectricd energy disspated by the immersed resistor and measure the amount
of heat added to the water, then determine if the energy conversion is complete.

The eectrica power (P) dissipated by aresigtor is given by
P=Vi
where, P (in watts)= power
V (involts)= voltage
| (in amps)= current
From the power, we can ca culate the work done by the resistor, which is given by
W= PDt
where, W (in joules)= work
P (in watts)= power
Dt (in sec)= time elgpsed when the voltage is applied to the resstor
Heat isaform of energy. Traditiondly, heat is measured in units of cdories (cd) instead of joules.
One cdorie is defined as the amount of heet necessary to raise the temperature of 1 gram of water

by one degree Centigrade (°C). The conversion factor between calories and joulesis:
lcd =4.18joules
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When a resgtor is immersed in a cup of water and a current is passed through it, the eectrica
energy disspated by the resstor will be converted into heat, and the heat may be absorbed by the
water, the cup, the resigtor, etc. The amount of heat can be caculated by using the following
equation:

H=my+Cy+?T+S (1)

where, m, = mass of the water
Cw = Specific heat of water

S represents the heat dissipated in the resistor, the cup, etc. In this experiment, Swill be very small
compared to mpc\w/? T, and will be assumed to be zero (S=0).

Converting the unit from caories to joules, we have
Hy=4.18* m,* ¢, * DT (joules) 2
where ¢, isin units of ca/gm°C.

We will be using deionized water that has been refrigerated to cooal it to below room temperature.
We will do this to compensate for heat that was transferred to the ar in the room from the
caorimeter. To do this, We will not start to take data until the water has heated up to about 4° C
below room temperature. Then, we will continue to take data until the water as reached about 4° C
above room temperature. This way, the heat that was absorbed by the water when it was beow
room temperature will be offset by the heat that was absorbed by the room when the water was
above room temperature. This should help to balance out and eiminate most of the error that was
caused by using a caorimeter that is not a perfect insulator.

We assume that energy will be conserved. If thisis true, then the energy that was produced by the
resstor will al be absorbed by the water. By comparing the energy produced by the resistor and
the heat energy gained by the water, we can verify this.

APPARATUS  (figure 1)

Thermocouple

Power
Supply

®
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Partner Name
Section

PROCEDURE

1. Wegh the cup using the scale provided (ask your TA where the scale is located in the room.)
Usng chilled water from the refrigerator, fill your cup with enough water to cover the resstor
cail if the lid were on. Now reweigh the cup (now filled with weater) and determine the mass of
just the water. Record your results below.

Mass of cup = +
Mass of cup and water m+m, = +
Mass of water = +
Room temperature Tr= +

2. Mesasure the resstance of the coil (Rqi) with the digitl multimeter, using the Ohm scale. Set the
meter back to volts. Place the resistor in the cup. Connect the circuit as shown in figure 1. Turn the
current knob (which isjust alimit knob) al the way up and adjust the voltage until you have a
current of 3 amps. Read and record the current from the power supply meter, and measure the
voltage with the digital multimeter at the output of the power supply (Ves ) and at the cup(V ).
Use the voltage at the cup for your cdculaions. Read the current again a room temperature and
when you turn off the power.

Reoil + Vps =

I+

chp =

I+

4. Léet the resstor heater warm up the water. (One member of the team must continuoudy shake
the cup to disspate the heat uniformly in the water.)

5. When the temperature reaches £C below room temperature, Record the current (ga:) and
gart watching the clock. Record the temperature in the table on the next page every 30
seconds. Read and record the current from the power supply when the temperature reaches
room temperature (this will be leom). Stop recording the temperature when it reaches 4£C
above room temperature and turn off the power supply. Read and record the current from the
power supply once again (this will be k). Remeasure R & thet time by disconnecting the
resstor from the power supply and using the multimeter on the W setting just like you did to get
Rcoil (thlSWI” beRind).

i room =

I+

lstat =

+

Istop =

Start time : : End time : : Rfina +
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t (s0) T (°C) t (s0) T (°C)
0 510
30 540
60 570
90 600
120 630
150 660
180 690
210 720
240 750
270 780
300 810
330 840
360 870
390 900
420 930
450 960
480 990

6. Caculate the temperature change (? T) and the time span (? t) from start to stop.

2=
?T=

Sec
°C

+ I+

7. Cdculate the power dissipated in the resstor, using V Cup, and the associated error using both:
P=VI, ?P=P(?V/N+?1/l) and P=V¥R ?P=P(2?V/N+?RR)

Q: Which form gives amore accurate power vadue?  (Fill inthat vaue bdow) Why did you
choose that one?

P= + watts
Q: WereV Cup and V PSdifferent? Why? Why useV Cup?

8. Determine the work done by the resistor and the associated error
W=pP?t ?WIW =?P/P+d(?t)/?t

W =

I+

joules
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Q: Which uncertainty is more important, the uncertainty in time or in power?

Q: If you have acomputer plot T vst. If not, compare the time from start to room temperature with
the time from room temperature to stop. Was the power constant? Justify your answer.

9. Cdculate the heat added to the water using equation (2) and the associated error
Specific heat of water C,, = 1.0 ca/gm°C
?Hy = Hy [?2 V2 (2 T)/? T

I+

Show your cdculations. H,, = joules

10. Compare the work done by the resistor and the heat added to the water. |s energy conserved?
(You should take into account the errors.) Was the heat energy found in the water less or more
than the dectrical energy? (Was energy lost or gained?) Discuss possible sources of apparent
energy loss or gain in this experiment and its analyss.

11. Determine the resstance of the heeting coil and verify that the relationship between current and
voltage obeys Ohm'’slaw for a congtant resstance. (Use any method that you can think of.)
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