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Objective:
To determine the relationship between energy transferred by heat and the energy transferred by work.  The energy transferred by work is known as the “mechanical equivalent of heat”.


Theory: 
Work is done on an object by a force acting through a displacement.  The energy transferred by work is measured by multiplying the force acting on an object times the displacement over which the force acted: W = F x d.  The unit of energy transferred by work is the joule.  Work done on an object may result in a change in its mechanical energy or a change in its internal energy, or both.  A change in an object’s internal energy results in a change in its temperature.


Energy in the form of heat is transferred between an object and its environment when there is a temperature difference between the object and its surroundings.  The energy transferred is measured as the product of the object’s mass, its specific heat, and the temperature change which occurs within the object: Heat = mo x specific heat x T.  Specific heat is the amount of energy it takes to raise 1 gram of a substance by 1 oC.  The unit of energy transferred through heat is the calorie.


If work is done on an object which results only in a change in the temperature of the object, then the work done must be the same as the heat energy that is transferred to the object.  The ratio of the work done (in joules) to the heat transferred (in calories) is the “mechanical equivalent of heat”.



Mechanical equivalent of heat = 
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Note:  Calculations for work use MKS units, whereas calculations for heat use CGS units.  So you need keep track of units for each quantity.
Equipment:
Mechanical Equivalent of Heat Apparatus



Digital Multimeter

Calorimeter



Calipers


Thermometer Holder



Thermometer


Large-Mass Pail



Thin String


Deionized Water



Aluminum Cylinder

Steam Generator



Electronic Balance

Ice

PART I: Measurement of Specific Heat of Aluminum

Setup:
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Procedure:


The specific heat of a substance is measured by the method of mixtures.  A known mass of the 
substance at a high temperature is placed in a known mass of water at low temperature.  The 
mixture is allowed to reach thermal equilibrium.  The specific heat is then calculated using 
energy conservation and neglecting the loss of heat during transfer.
CAUTION:  YOU WILL BE WORKING WITH HOT METAL AND BOILING WATER, BE CAREFUL! 

Fill the steam generator 2/3 full of deionized water (never use tap water).

Turn the steam generator on and set it at the 10 setting.

Measure and record the mass of the  empty calorimeter, Mcal.

Measure and record the mass of the aluminum sample, Msam.

Once the water has begun to boil, attach a length of thread to the sample and suspend it in the 
boiling water.

Let the sample sit for a few minutes so the metal will reach the same temperature as the water.

Record the temperature of the boiling water, Thot .

Fill the calorimeter with just enough deionized water to cover the aluminum cylinder (use the 
spare cylinders to determine the correct amount of water to use).  Measure and record the 
temperature of the water in the calorimeter, Tcool .

Immediately after measuring the temperature of the calorimeter water, remove the aluminum 
cylinder from the boiling water.  Quickly wipe off the excess water, and suspend it in the cool 
water in the calorimeter.

Use the thread to swirl the aluminum cylinder around in the water, gently, at the same time 
mixing the water with the thermometer.

Measure and record the highest temperature of the water, Tfinal .  This should be where the 
system reaches thermal equilibrium.

Immediately after recording the final temperature, measure and record the total mass of the 
calorimeter, aluminum sample, and water, Mc+s+w .

Use this last measurement to calculate the mass of the water, M
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 Data: 


Mcal + w = ​​​​​​​___________________

Thot = ________________________


M
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 =   ____________________

Tcool = ________________________


Mw = ___________________

            Tfinal = ________________________

M
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 =   _____________________

Analysis:


Finding the specific heat by the method of mixtures assumes that the energy lost by the cooling 
metal is gained by the water as the mixture comes to thermal equilibrium.  The energy gained by 
the styrofoam cup is assumed to be negligible.  Energy lost to the surroundings can also be 
ignored if the experiment is carried out correctly and quickly.

Therefore: Quantity of energy lost by aluminum = Quantity gained by water.



(Msam)(csam)(Thot – Tfinal) = (Mwater)(cwater)(Tfinal – Tcool)

Where c is the specific heat of the given substance.

Use your data and the above equation to find the specific heat of aluminum in cal/g
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C.
Calculate the % difference between your experimental value and the accepted value of

 0.215 cal/g
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PART II: Finding the Mechanical Equivalent of Heat.

Procedure:


The mechanical equivalent of heat apparatus used in this part of the laboratory exercise allows 
you to do mechanical work by rotating a drum against the force of friction.  The work you do is 
then dissipated by friction, which heats the surface of the drum.  The change in temperature of 
the drum changes the electrical resistance of the drum. The resistance of the drum then gives you 
a measurement of temperature to calculate the energy transferred through heat.  The ratio of the 
work you do to the energy transferred by heat is the “mechanical equivalent of heat”.  There 
should be one apparatus set up as a demo.

Measure the mass of the drum using the electronic balance and record, Mdrum .

Cool the drum to about five degrees (Celsius) below room temp. by placing it in the ice bath. 

Connect the digital multimeter to the apparatus as in the diagram.  Connect the red wire from the  
V port of the DMM to one of the ports of the apparatus.  The black wire goes from the COM 
port of the DMM to the other port of the apparatus.  Remove your drum from the ice bath and 
dry it well. Slide it onto the axle so that the notch on the drum fits on the pins of the axle.  

Tighten the screw (don’t break the screw by over tightening it) and make sure that the copper 
rings that are imbedded in the end of the drum touch the contacts of the two electrical ports of 
the apparatus.
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    Turn the DMM on and set the knob to the 200k setting in the section that is labeled .  The display indicates 
how many thousands of ohms of electrical resistance the drum has.  100.0 on the display is 1 hundred thousand 
ohms, which corresponds to 25oC (see the chart on the apparatus).  This is about room temperature.  Set the 
counter on the apparatus to zero by turning the knob next to the counter clockwise.  Place the weight pail on the
floor under your MEH apparatus and bring the cord up through the notch in the base.   Wrap the cord around the
drum about three to four times, making sure it stays flat and doesn’t cross itself. Hold the free end of the cord in 
one hand so that you can crank with the other hand.  Read the resistance on the DMM.  Then find the 
corresponding reading on the chart on the side of the apparatus.  Record this as Tcool . If the resistance falls 
between two readings on the chart then estimate the temperature.  Begin to rotate the handle.  The pail should lift
off of the ground only about 2.5 cm. and remain off the ground without getting much higher.  If not, then the 
way  you wrapped the cord is wrong, or it needs a little bit of dry lubricant.  All of this needs to be done fairly 
quickly  or a lot of energy may be lost and show up as error in your calculations.  Continue rotating the handle 
until the resistance corresponds to a reading that is five degrees above room temperature.  Record the 
corresponding temperature as Thot , and record the number of turns from the counter.  Measure the mass of the 
pail using the large double pan balance(not the electronic balance) and record.  Measure the diameter of the 
aluminum drum using the calipers and record.
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Data:



Mdrum = ______________________





Tcool = _______________________


Thot = ________________________


Hanging Mass = _______________ x g = _____________________(weight)

Diameter of drum = _____________ x  = ____________________(circumference)

Number of turns = __________________

Analysis: 


Energy is transferred by heat to the aluminum drum and to the surroundings as soon as the 
temperature of the drum is greater than the room temperature.  Since energy was gained from the 
surroundings when the drum was cool the energy lost to the surroundings is negligible.  That is 
why you start five degrees below and go to five degrees above, so that the energy gained from 
then lost to the environment is about the same.  Therefore the heat done is that which changes the 
temperature of the drum.  Calling the heat Q:


Q ≈ (Mdrum)(csam)(Thot – Tcool) 

CALCULATE THE HEAT TRANSFERRED:

The energy transferred to the drum originates in the work done by friction of the cord on the 
drum.  The friction force must be equal to the weight of the hanging mass.  The work dine is 
equal to the product of the force and the distance:

Work = (Hanging weight)(circumference of drum)(number of turns)

CALCULATE THE WORK DONE:

CALCULATE THE MECHANICAL EQUIVALENT OF HEAT: (remember units)


1 calorie = __________________ joule
Summary of Results:
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