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Description of Lee’s apparatus: 

  The apparatus shown in Fig. 2 consists of two parts. The lower part C is circular metal 
disc. The experimental specimen G, usually rubber, glass or ebonite (here it is glass) is placed on 
it. The diameter of G is equal to that of C and thickness is uniform throughout. A steam chamber 
is placed on C. The lower part of the steam chamber, B is made of a thick metal plate of the same 
diameter as of C. The upper part is a hollow chamber in which two side tubes are provided for 
inflow and outflow of steam. Two thermometers T1 and T2 are inserted into two holes in C and 
B, respectively. There are three hooks attached to C. The complete setup is suspended from a 
clamp stand by attaching threads to these hooks.   
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When steam flows for some time, the temperatures recorded (T1 and T2) gradually remain steady. 
This is the steady state. 

  Let at the steady state, temperature of C = T1. 

  Temperature of B = T2. 

  Surface area of G = A  

  Conductivity of G = k 

  Thickness of G = x  

Hence amount of heat flowing through G per second, H is given by Eq. (1). When the apparatus 
is in steady state (temperatures T1 and T2 constant), the rate of heat conduction into the brass disc 
C is equal to the rate of heat loss from the bottom of it. The rate of heat loss can be determined 
by measuring how fast the disc C cools at the previous (steady state) temperature T1 (with the top 
of the brass disk covered with insulation). If the mass and specific heat of the lower disc are m 
and s, respectively and the rate of cooling at T1 is dT/dt then the amount of heat radiated per 
second is, 

                                             ………(2) 

Equating (1) and (2) and simplifying, k can be determined as, 

      
   

              ………(3) 

 Procedure: 

1. Fill the boiler with water to nearly half and heat it to produce steam. 
2. In the mean time, take weight of C by a weighing balance. Note its specific heat from a 

constant table. Measure the diameter of the specimen by a scale or slide calipers, if 
possible. Calculate the surface area, A = π r2. 

3. Measure the thickness of the specimen by screw gauge. Take observations at 5 spots and 
take the mean value. 

4. Put the specimen, steam chamber etc. in position and suspend it from the clamp stand. 
Insert the thermometer. Check if both of them are displaying readings at room 
temperature. If not, note the difference θ, is to be added to (T2 – T1) later.  

5. Now stem is ready. Connect the boiler outlet with the inlet of the steam chamber by a 
rubber tube. 

6. Temperatures recorded in the thermometers will show a rise and finally will be steady at 
T1 and T2. 

7. Wait for 10 minutes and note the steady temperature. Stop the inflow of steam. 
8. Remove the steam chamber and the specimen G. C is still suspended. Heat C directly by 

the steam chamber till its temperature is about T1 + 7°. 
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9. Remove the steam chamber and wait for 2 – 3 minutes so that heat is uniformly 
distributed over the disc C. 

10. Place the insulating material on C. Start recording the temperature at ½ minute intervals. 
Continue till the temperature falls by 100 from T1. 

Observations: 

(I) Details of the sample G 
(a) Diameter: (using scale/slide calipers) 

Table-1: 

   Sl No. Diameter (cm) Mean Diameter (cm) 

1   

2   

3   

Surface area of G = A = ……………………………… 

Thickness:     (using screw gauge) 

Table – 2: 

   Pitch = ……………  Least count=………………………… 

Sl No. Initial Reading I 
(cm) 

Final Reading F (cm) Difference 
(I ~ F) in 
cm 

Mean 
(cm) 

1     

. 

. 

. 

    

5     

  

(II) Details of the lower disc C 
Mass of the disc, m = …….. 
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Specific heat of the material, s = 380 J/kg. °C 
(III) Correction of Thermometers 

Room temperature recorded T2 = …………………  
Room temperature recorded T1 = …………………  
So correction of thermometers θ = T2 – T1 

(IV) Steady Temperature 
Temperature of C = ………………………………….. 
Temperature of B = …………………………………… 
Taking thermometer error in to account, the difference = (T2-T1+θ) 
 

(V) Table-3: Time – Temperature record during cooling 
 

Time (minute) 0 ½ 1 …. ….. ….. ….. …… ……. 
Temperature 
°C 

         

 

 

Graph:  

Using the data from Table – 3, plot 
the cooling curve (time versus 
temperature) and determine the 
slope dT/dt = ∆T/∆t at the steady 
temperature T1 (Fig. 3). 

Calculation: k = ……………. 

 

Discussion and conclusion: 

 

Probable errors and precautions: 

1. Don’t record T1 and T2 
unless they have remained steady for at least 10 minutes. 

2. The tangent to the cooling curve should be done very carefully. An error in dT/dt will 
result in a wrong result for k. 
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3. The radiation loss only due to the surface of G in contact with C is taken into account 
here while there is some loss at the edges. Therefore, the diameter of the specimen disc S 
should be sufficiently large than its thickness. 

4. Since room temperature might change during the course of the experiment, it is advised 
to complete the experiment quickly. 

Error analysis: 
∆ ∆ ∆ ∆ ∆ ∆
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Physics 213 Laboratory     Coefficient of Linear Expansion  
 

Purpose:  To measure the coefficients of expansion of several metals.    
 
Equipment: Linear-expansion apparatus, steam generator, breaker, 100o

 C thermometer, rubber tubing, 
metal rods of aluminum, iron, copper, brass, and steel.   
 
Theory: The change in length per unit length per degree rise in temperature is called the coefficient of 
linear expansion.  It is defined by  

 
0

1 dL
L dT

α =  (1) 

where a is the coefficient of linear expansion, L0 is the initial length and dL/dT is the rate of change in 
length with  temperature T.  Logically the initial temperature should be a fixed standard, such as 0o C; 
however, because the value of a is very small for solids, the error introduced by using any other initial 
temperature is not large.  
 
     The change in length and the total length are always expressed in the same units; the value of 
the coefficient is therefore independent of the length unit used but depends on the temperature 
unit.  The value of the coefficient of expansion should be specified as "per degree centigrade" or 
"per degree Fahrenheit."  If ∆L represents a small finite change in length of a metal bar for a 
finite change in temperature , then the value of a may be found from  

 
0

1 L
L T

α ∆
=

∆
 (2) 

 
Overview::  A rod of a common metal is encased in a metal jacket.  Its length is measured at room 
temperature.  The change in length is measured when the temperature is raised from room temperature to 
the temperature of steam.  From these observations the coefficient of linear expansion will be computed 
for several metals, and compared with accepted values.  In this experiment, be sure to measure and record 
the room temperature length of each metal rod before heating any of the metal rods. 
 
CAUTION: Steam can cause severe burns. Handle all hot apparatus with care! 
 
Micrometer-screw Linear Expansion Apparatus.  The apparatus shown in Figure 1 is designed for 
measurement of the increase in length of the rod by means of a micrometer screw (detail shown in  
Figure 2). See next page.  

Experiment No. 3
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Figure 1 The linear expansion apparatus. The rods are placed 
inside the silver jacket and the whole assembly is placed o the 
black base. 

 

 
 
Figure 2 Close-up of the micrometer screw at one end of 
the apparatus. The brass barrel is marked in cm (stamped 
numbers) with tick marks every mm. the dial allows 
measurement of 0.01 mm with index being the horizontal 
line marked on the brass barrel. 

 

Procedure:   

1). Fill the steam generator two-thirds full of water and turn it on.   

2).  Insert a rod into the jacket, place it on the base and adjust the micrometer screw until it touches the 
rod (and the other end of the rod touches the fixed screw). Read the length of the rod using the 
micrometer scale. Record the length of the rod, the material the rod is composed of, and the room 
temperature.  Repeat this procedure for each rod before heating up any of the rods.   

3).  Insert a rod in the jacket and place the jacket in the base.  Connect the tubing from the steam 
generator to the expansion apparatus.  Lead the tubing from expansion apparatus into a beaker well below 
the level of the apparatus.   

4).  Place the thermometer in the opening provided in the expansion apparatus.  Allow steam to flow 
through the jacket until a steady temperature is reached.   

5).  Turn the micrometer screw until it is snug. Record the readings of the micrometer screw and the 
thermometer.  Turn off the water and drain the jacket.  Turn back the micrometer screw at least two full 
turns. 

6).  Replace the rod with one made from a different metal by using the new rod to push the old rod out of 
the jacket. Repeat steps 3 through 5. 

7) Repeat steps 3 through 6 for all rest of the rods.   

8).  Disconnect the apparatus, empty the steam generator and beaker, mop up the water, and leave 
everything in neat shape.  
 
Calculations:   

1). From the difference in micrometer-screw readings, or the difference in scale readings, determine the 
change in length of each rod.  

2). From the initial and final temperatures, record the temperature difference. 

3). Calculate the coefficient of linear expansion by the use of Eq. (3).   

4)  Compare this value with a standard value, taken over about the same temperature range.  Compute the 
percent difference between the two, and discuss errors and sources of errors.   


