Benha university





First year 

Faculty of science 




May (2011)

Physics department




Time (3h)

General Physics (1)

تاريخ الامتحان 11/1/2011




 نصف ورقة
أستاذ المادة/ أ.د./لطفي إبراهيم أبو سالم
Heat

4. (a) The coefficient of volume expansion of aluminum is 
[image: image99.bmp]. What does this statement mean?

-----------------------------------  Solution  -----------------------------------

This means that the ratio between the frictional change in volume dV/V to the change in temperature 
[image: image2.wmf]dT

, thus
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(4b) Describe with a net sketch the constant volume gas thermometer. 

-----------------------------------  Solution  -----------------------------------
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Schematic diagram of a constant volume gas thermometer is shown in Fig. (1). It consists of a bulb B of glass, quartz or platinum depending upon  the  temperature  range  over  which  it  is  to  be  used. fixed scale as shown by O. The pressure of the gas in tube B is then equal to the difference in the height of mercury between the two columns (times 
[image: image4.wmf]g

r

) plus the atmospheric pressure.

The bulb is connected by a mercury manometer (J tube) and is immersed in the system S (whose temperature is to be measured). Inside the bulb the gas is either helium or hydrogen or nitrogen or air depending upon the choice. The volume of gas inside the bulb is kept constant by moving the mercury reservoir R up or down until the mercury level in the manometer J tube coincides with  the  given  mark  on  the


By measuring the pressure at ice point and boiling point of water, the gas thermometer can be calibrated to give absolute temperature by the expression
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The lowest temperature that can be measured by any gas thermometer is about 
[image: image6.wmf]K
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. The gas thermometer is of very large size, so, it is not very commonly used.

(4c) A steel railroad track has a length of 
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. (i) What is its length on a hot day when the temperature is 
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? (ii) Suppose the ends of the rail are clamped at 
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 so as to prevent expansion. Calculate the thermal stress set up in the rail if its temperature is raised to 
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. (iii) If the rail has a cross sectional area of 
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, calculate the force of compression in the rail.
-----------------------------------  Solution  -----------------------------------
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So the length at 
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(b) Tensile stress
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(c) Since 
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, so the force of compression in the rail is
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5. (a) Describe the principle, construction and working of a platinum resistance thermometer. Discuss its usefulness.

-----------------------------------  Solution  -----------------------------------

It consists of a platinum wire free from impurities doubled on itself to a void induction effects, wound on a thin plate of mica, enclosed in a silica tube. The ends of the platinum wire are attached to platinum leads 

[image: image96.bmp]which pass through holes in mica sheet closely fitting in the upper part of the tube. The free ends 
[image: image23.wmf]1
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 of the leads are connected to the terminals at the top of the instrument. In order to eliminate the effect due to variation in the resistance of the leads, similar pair of leads 
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 with their lower ends joined together are placed are placed close to the platinum thermometer leads as shown in Fig. (2).

The platinum resistance thermometer used variation of electrical resistance of platinum wire as a function of temperature that may be expressed by the relation



[image: image27.wmf])

T

1

(

R

R

o

T

a

+

=


where 
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 are the resistance of a platinum wire at 
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 respectively and ( is a constant called as temperature coefficient of platinum wire having a value equal to 
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Thus, while using platinum resistance thermometer firstly resistance of platinum wire is measured at 
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 by Wheatstone bridge and then by putting it in the bath whose temperature T is to be measured, the corresponding resistance is measured again by the same bridge. If these readings are 
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and by using the above two expressions one finds
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The connection of Wheatstone bridge is shown in Fig. (3). The ratio arms P and Q are of equal resistances. The leads 
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 are connected in the arm S and the compensating leads 
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 are connected in the arm R. A wire of uniform cross section is inserted as shown in the figure. When the platinum wire is placed in a bath at 
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 to 
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. The balance point will then shift towards the side of the platinum thermometer and a new balance point is obtained.
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The platinum resistance thermometer is capable of measuring temperature from 
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(5b) The temperature coefficient of resistance of the material of a wire is 
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. Its resistance at 
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. At what temperature will the resistance of the wire be 
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-----------------------------------  Solution  -----------------------------------
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the division of the two equations gives
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from which
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6. (a) Define the terms calorie, specific heat and thermal capacity.

-----------------------------------  Solution  -----------------------------------

Calorie: It is the amount of heat required to raise the temperature of one gram of water through one degree centigrade.
Specific: It is the quantity of heat required to raise the temperature of one gram of substance through 
[image: image65.wmf]C
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.
Thermal capacity: It is the quantity of heat required to raise the temperature of the whole of the body through one degree
(6b) Describe the electrical method to determine the specific heat of a liquid.
-----------------------------------  Solution  -----------------------------------

Specific Heat of Liquids (Joule's Method): The method is applied to liquids. The apparatus consists of a calorimeter, in which a heater coil of resistance R is enclosed. The ends of the coil are connected to the terminals by two binding screws on the top of the lid. The calorimeter is enclosed in a wooden box as in Fig. (4). A sensitive thermometer and a stirrer S can be introduced into the calorimeter through holes in the lid. The heater coil is connected in series with a battery B, an ammeter A, a rheostat and a tap key K. A voltmeter V is connected in parallel with the heater coil to measure the potential difference between its ends.
The liquid, whose specific heat is to be determined, is poured into the calorimeter until the coil is completely immersed in it. The mass m of the liquid taken is known by weighting the calorimeter first empty and then with the liquid.
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Closing the electric circuit, the rheostat is adjusted in order to have a pretty slow rate of rise of temperature (about 
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 per min.) in the calorimeter. The current is cut of and after stirring well the contents of the calorimeter, its initial temperature is noted accurately. Let it be 
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. The tap key is closed and current allowed to pass through the coil for a known time t, until there is a rise of temperature of about 
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 the key is then released. During the current flows through the coil, the ammeter and voltmeter readings are taken every minute and the averages taken if there is any variation. Let these be I amperes and V volts.


Let 
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 be the final temperature. The electrical heat produced in calories is 
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. From the conservation of energy law
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Hence the specific heat of the liquid can be calculated as
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where
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are the mass and the specific heat of the liquid
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are the mass and the specific heat of the calorimeter.
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is the initial temperature of the liquid
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is the final temperature of the liquid

I

is the current flowing 

V

is the potential difference across the resistance R

t

is the time in second

(6c) One kg of water at 
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. What is the final temperature of the mixture?
-----------------------------------  Solution  -----------------------------------
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Fig. (1): Constant volume gas thermometer
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Fig. (3): Wheatstone bridge where P1, P2 are connected in the arm S and C1, C2 are connected in the arm R
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Fig. (2): Platinum resistance


 thermometer
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Fig. (4): Determination of specific heat of a liquid by electrical method
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