Physics 210L
Mechanical Equivalent of Heat
I. Weight and Diameter measurements
	
	Copper (g)
	Aluminum (g)
	Iron (g)

	Weight of the calorimeter 

and uncertainty on measurement
	661.6
	212.7
	583.7


Measure the diameter (d) of each calorimeter 4 times.

Calculate the average value and the root mean square error.

	Copper ( cm )
	Aluminum ( cm )
	Iron ( cm )

	4.66
	4.88
	4.89

	4.88
	4.64
	4.68

	4.83
	4.73
	4.88

	4.60
	4.87
	4.63

	Average = 4.7425 = 4.74
	Average = 4.78
	Average = 4.77

	RMS = 0.06688 = 0.07
	RMS = 0.05788 = 0.06
	RMS = 0.06721 = 0.07
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To find the rms error, we use the technique of the error on the mean: (example for copper):
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We find now 
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We deduce then the standard deviation:
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Therefore, the error on the mean is:
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II. Determination of the mechanical equivalent of heat using the copper calorimeter
Record the initial temperature Ti final temperature Tf and number of turns n.
Record the weight attached: 49 N.
	         
	Ti
	Tf
	(T
	n

	first reading
	27.4
	34.1
	6.7
	300

	second reading
	29.6
	36.4
	6.8
	300

	third reading
	27.7
	35.0
	7.3
	300


1. Calculate the mechanical equivalent of heat in each case (show calculations)

The work done on the calorimeter is equal to the gain in energy of water inside the calorimeter; we can find the mechanical equivalent of heat by calculating: 
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2. Find its average value and its root mean square error.
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We find now 
[image: image15.wmf]2

i

d

: 


[image: image16.wmf]0289

.

0

2

1

=

d

; 
[image: image17.wmf]0081

.

0

2

2

=

d

; 
[image: image18.wmf]0676

.

0

2

3

=

d

;  
We deduce then the standard deviation:
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Therefore, the error on the mean is:


[image: image20.wmf]1

.

0

132035348

.

0

3

228691932

.

0

=

=

=

=

N

s

a



Therefore,   
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3. Compare the result to the literature value and comment.

The theoretical value does not lie within the range of error
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4.186 does not belong to the interval [4.8 ; 5.2]; therefore, the value is NOT accurate: 

And the % Difference between the two values is:
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This Difference could be caused by a lack of precision in measurements, or other external factors, like temperature …
III. Determination of the molar heat capacities of Iron and Aluminum

A. Aluminum 

Record the weight attached 49N and the number of turn n=300
measure Ti = 28.0
[image: image24.wmf]C
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 & Tf = 37.0
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Find the specific heat of Aluminum and compare to the literature value.
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Calculate the molar heat capacity, (show calculation)
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[image: image30.wmf]C

mol

cal

o

.

/

97

.

5

027

.

0

23

.

221

=

´

=


B. Iron

Record the weight attached 49N and the number of turns n = 300
Measure Ti = 27.0
[image: image31.wmf]C
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& Tf = 34.7
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Find the specific heat of iron, its rms error as calculated from the error propagation theory (show calculation) and compare to the literature value of Ciron.
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Therefore,   
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. 
Calculate the molar heat capacity of Iron
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Are your results for Aluminum and Iron in agreement with the law of Dulong and Petit? Comment. 

The law of Dulong and Petit states that molar heat capacities of solids, with a few exceptions, have values close to 6 cal/(mol.
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Our experimental results were very close to this value. The molar heat capacity of Aluminum was 5.97cal/(mol. 
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) and the molar heat capacity of Iron was 5.29cal/(mol. 
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On Aluminum: 
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On Iron: 
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Relatively speaking our relative errors are small. Still there are many sources for this error such as: Equipment and human error.
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