Experiment 10: Energy transformation I
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Goals I

Q Investigate the transformation of non-conservative mechanical
(friction) and electrical work into heat energy:
= Add heat to water in plastic jar and measure the resulting
increase in femperature as a function of timel

0 Determine the mechanical and electrical equivalents of heat.

0 Observe that it is not easy fo measure some important quantities
accurately.
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Equipment setup I

Q Mechanical equivalent to heat: A

. motor applies a known friction torque 7.0
1, at a known o to a plastic jar witha ¢ = f
known mass of H,0. m(dT/dt)

0 Electrical equivalent to heat: Apply
voltage (2.5V) across a resistor
(2.50hms) and use resulting - AVI
electrical heat: Resistor is connected ¥ —
to right pair of posts. m(dT/dt)

L O Temperature measurement: Use a thermistor to
L. measure the water temperature: Thermistor is a
s | semi-conductor device with a temperature

. dependent internal resistance of

R(T)=Re ™

| 0 First task: Calibrate thermistor and measure room
temperature!
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Calibrate thermistor I

i Tablel =10l x|

Q Enter values R, T from jar into a DataStudio a7
.. ! ) = =» @Dataﬂ}{f
table. R is independent (X) value. T is %
A Thermistar Calibration
dependent (Y) value. Data
A T
—lolx| [ ohm) (DegC)
H &l &l @lla i 7 <Fit - @] Al A Z]~] ¢ Data -] X| &~ 134.40 16
60 7r.00 a1
ser-Defined Fit
B 159, £ 6.7 45410 46
a0 A 293+14
Mean Sguared Error 1,23 |
Root MSE 1.1
40*
3E|éE
3 a Fit to B — A*In(x), find A, B
and then measure T, . with
3qpg 40 an

these parameters!
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Setup of DataStudio

Sampling Options

M anual Sampling | Delayed Start | Automatic Stop

v Keep data values only when commanded.
v Enter a keyboard value when data iz kept.

v Prompt fior a value.

— K.eyboard D ata

M arne:

I Fesiztance [OHM]

Resistance

it

Aocuracy:

OHM

Edit &ll Properties. .

[ Include a list of prompt walues for this keyboard data.

Cancel | Help

Data Properties

Gereral INumericl Appearance

Measurement M arme:

IHesistance

Description:

Thermistor Resistance

" arigble Mame:

IR [ |
Urits: Type:
[OHM] [ Other =l
Dizplay Minimumm; Dizplay b aximum;
| oo | 0.00
Accuracy: Frecizion:
| 1.00E3 2

o1

Cancel
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Friction heating I

Pressure Adjustment

0 Hang 305 g from chain.

Q Turn on motor, adjust
pressure for balance.

Click Start. Each time you click Keep: v keep |m| you get:

Please enter a value. x|
? 0 R esistance L I
\*‘u._.:u I | OHM Cancel |

Do this every 3 min. for 24min. Then click red stop button.
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Friction heating: T vs. time I

a First plot R vs. T, then Calculate T=A-B*In(Xx), where A, B are your
thermistor calibration parameters. Plot result to get T vs. 1.

=10l |

@ a4 7| Fit -| 8| Al A ZIIE @ Data ~| X| &1~

O Fit to C+B*T*(1-t/A)

—23.8
. to find A, B, and C.
Syl Q Initial guesses: C=20,
B=0.004, A=5000.
220
F21.5C, User-Defined Fit
C 192+ 0.7
B 3.GBE-3 + 4 5E-5
A G3Y0+ 200
Mean Squared Error 1.82E-3
Root MSE 0.0427
: Time{ s
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Electric heating I

0 Release jar, place on platform above binding posts.

Q Connect power supply to right binding posts, set to ~2.50V. Use DVM to
measure more accurately.

0 Agitate water by rocking apparatus: (i) about 10 s each minute, (ii) for
30 s prior to measuring thermistor.

Rhecﬂ'er‘ (Q)

vheaTer‘ (V)

O Measure thermistor about every 3 min. for 24 min.

O Make a graph of T vs. t as for friction heating.
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Electric hearing: T vs. time I

Q First plot R vs. t, then Calculate T=A-B*In(Xx), where A, B are your
parameters. Plot result to get T vs. 1.

=10l x|
& i | 7 AFit -] 8] Al A Z]-| & Data ~| X| -]
- 25.0
, a Fit to C+B*T*(1-t/A) to

240 . find A, B, and C.
I 7 Q Initial guesses: C=20,

o 1 User-Defined Fit B=0.004, A=5000.
-22.0 & . C 194 = 0.041

o B 5.04E-3 + 1 .0E-4

= . A 5600+ 230
—21.0 Mean Squared Error - 0.0213

Root MSE 0.146

- 200
; Time(s)
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Analysis I

QAnalyze your results in a problem on Problem Set 12,
following the discussion/example in the experiment
write up.

aThe "Special” link on the web page has an historical
discussion of the mechanical equivalent of heat, Count
Rumford, James Joule, and others.
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