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Experiment (1) 

Surface Tension 

 

Aim of the experiment: 

To determine the coefficient of surface tension of water 
 

Theory 

The force F which a liquid surface exerts on anybody 

with which it is in intimate contact is directly 

proportional to the length of the line of L 

F=TL 

And the units of surface tension is dyne/cm or 

Newton/m and its dimensions MT-2 

The constant of proportionality, T is called the 

coefficient of surface tension of the liquid. Here are the 

values of surface tension of some common liquids. 
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To understand why the phenomenon of surface tension 

arises, we must think of intermolecular attraction. 

Molecules of any substance want to pack together so 

that their average separation is low. In solids, this 

separation is fixed, whereas in gases, the random 

motion due to heat predominates.  In liquids, there is 

some random motion but, on the average, the molecular 

separation is low. 

Capillary Action 

 

Capillary action occurs when the adhesion to the walls 

is stronger than the cohesive forces between the liquid 

molecules. The height to which capillary action will 

take water in a uniform circular tube is limited by 

surface tension. 

http://hyperphysics.phy-astr.gsu.edu/Hbase/surten2.html#c4#c4
http://hyperphysics.phy-astr.gsu.edu/Hbase/surten.html#c4
http://hyperphysics.phy-astr.gsu.edu/Hbase/surten.html#c4
http://hyperphysics.phy-astr.gsu.edu/Hbase/surten.html#c1
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Acting around the circumference, the surface tension 

force directed upward is= 2πrTcosθ 

Balances the weight of water inside the capillary tube 

above the surface of water, this weight is given by: 

πr
2
hρg 

Therefore 

πr2hρg=2πrTcosθ 

                          T=r h ρ g/2cosθ 

In case of water ρ=1 and cos θ=1 

         T=r h g/2                               (1) 

Apparatus 

 Capillary tube 

 Two beakers, one contain water and the other is empty 

 Mercury 

 Sensitive balance 

 Ruler 

 

 

 

http://hyperphysics.phy-astr.gsu.edu/Hbase/mass.html#wgt
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Procedure 

1. Fit the capillary tube vertically inside the beaker which is 

containing the water. 

2. Fix the capillary tube in this position and measure the high of 

water inside it is = h =………….cm 

3. Clean the capillary tube, and then full it by a certain length of 

mercury say l cm. 

4. Find the mass of empty beaker m1=…………gm 

5. Put this amount of mercury in the empty beaker and then find 

the mass of beaker and mercury together m2 =……….gm 

6. Find the mass of mercury M= m2 - m1=……….gm 

7. We can the radius of the capillary tube by: 

M=πr2hρg 

r = (M/π h ρ g) 1/2 

7. Substitute by the vales r, ρ=1 and θ = 0 in equation (1) we 

determine the value of the coefficient of surface tension T 

8. T=…………dyne /cm 
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Experiment (2) 

SIMPLE PENDULUM 

Hypothesis: 

The longer the length of a simple pendulum, the longer 

the period of oscillation 

Aim of the experiment: 

To investigate how the period of a simple pendulum 

varies with its length. 

 

Variables 

Manipulated: The length of the pendulum, l 

Responding: The period of the pendulum, T 

Constant: The mass of the pendulum bob, gravitational 

acceleration 

Apparatus and Materials 

 Pendulum bob 

 Length of thread about 100 cm long 

 Retort stand, 

 Stopwatch 
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Setup 

 
 

Procedure 

1.  The thread is tied to the pendulum bob. The other 

end of the thread is tied around the arm of the retort 

stand so that it can swing freely. The length of the 

pendulum, l is measured to 80 cm as per the diagram. 

2.  With the thread taut and the bob at rest, the bob is 

lifted at small amplitude (of not more than 10°). Ensure 

that the pendulum swings in a single plane. 

3. The time for ten complete oscillations of the 

pendulum is measured using the stopwatch. 
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4.  Step 3 is repeated, and the averages of both 

readings are calculated. 

5.  The period of oscillation, T is calculated using the 

average reading divided by the number of oscillations, 

i.e. 10. 

6.  T2 is calculated by squaring the value of T. 

7.  Steps 1 to 6 are repeated using l = 70 cm, 60 cm, 50 

cm, and 40 cm. 

8.  A graph T2 versus l is plotted. 

Recording of data: 

 

 
 

Graph of T2 vs l 
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Discussion 

The graph of T2 versus l shows a straight line passing 

through the origin. This means that the period of 

oscillation increases with the length of the pendulum, 

with T2 directly proportional to l. 

 

Conclusion 

The longer the length of the pendulum, the longer the 

period of oscillation .The hypothesis is proven valid. 
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Experiment (3) 

HOOKE’S LAW AND 

A SIMPLE SPRING 

 
Aim 

To measure the spring constant of a spring using two different 

methods 

Theory 

 

If a weight, W = mg, is hung from one end of an ordinary 

spring, causing it to stretch a distance x, then an equal and 

opposite force, F, is created in the spring which opposes the pull 

of the weight. If W is not so large as to permanently distort the 

spring, then this force, F, will restore the spring to its original 

length after the load is removed. The magnitude of this restoring 

force is directly proportional to the stretch, 

      

The constant k is called the spring constant. To emphasize that x 

refers to the change in length of the spring we write 

F= mg = - k Δ l                (1) 
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In this form it is apparent that if a plot of F as a function of Δ l 

has a linear portion, this provides confirmation that the spring 

follows Hooke's Law and enables us to find k. 

An additional approach is possible. One definition of simple 

harmonic motion is that it is motion under a linear, “Hooke's 

Law” restoring force. Note that for simple harmonic motion, the 

period does not depend upon the amplitude of the oscillation. 

For such a motion, we have 

      
 

 
                                      ( ) 

Where k again is the spring constant, T is the period of the 

pendulum and m is the mass that is oscillating. Thus, the mass 

includes the mass of the spring itself. However, the entire spring 

does not vibrate with the same amplitude as the load (the 

attached mass) and therefore it is reasonable to assume that the 

effective load (m) is the mass hung from the end of the spring 

plus some fraction of the mass of the spring. Based on similar 

experiments, one third of the mass of the spring is a good 

estimation of the effective load due to the spring, thus 

                  
 

 
        

 

Where:     is the effective load of the spring. Using this in Eq. 

(2), we find 

  
   {      

 
        }

  
               ( ) 
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The effective load of the spring can be determined for a 

particular spring using the following process. The equation 

for T2 can be written in terms of       and       ;     

can then be determined from a graph of T2 versus       . 

Note that this assumes that     is constant. 

 

Eq. (3) uses an approximation for the contribution of the mass 

of the spring to the oscillation. If we rewrite Eq. (2) as the 

effective mass of the spring and hanging mass (load), then 

 

   
   *         +

 

 
   

 
      

   

 
          ( ) 

 

 

Where:       is the hanging mass and     is the effective 

mass of the spring. If we assume that the effective spring mass 

is the same for all loads, then a graph of period squared     vs. 

hanging mass (     ) is a straight line, where  
   

 
  is the slope 

and 
   

 
   is the intercept. 

Procedure 

Part 1 
1. Hang a spring from a horizontal metal rod. 
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2. Attach a mass hanger directly to the bottom of the hanging 

spring and record the position of the bottom of the mass hanger 

relative to a meter stick. 

3. Add masses to the spring and record the position of the 

bottom of the mass hanger. 

 

Part 2 
 

1. Hang a mass from the spring and use a stopwatch to time 

15 oscillations of the mass and spring. 

2. Repeat for other masses. 

 

 
 

The purpose of this experiment was to determine the 

spring constant k of a steel spring using two different 

methods. First we investigated the relationship 

between the force applied to a spring and the 

displacement of the spring from its rest length in order 

to verify Hooke’s law. 

We hung masses of 0.01 kg, 0.20 kg, 0.30 kg, 0.04 kg, 

0.05 kg, 0.06 kg, 0.70 kg, and 0.80 kg from the springs, 

and recorded the vertical displacements. We made four 
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measurements for each mass hung from the spring and 

used the average of the four values in order to reduce 

random error. In this method, the main cause of error 

was measurement. We found a spring constant of k = 

2.94 ± 0.01 N/m. Our results confirmed Hooke’s Law, 

the well known relationship that the magnitude of an 

elastic restoring force on a spring is directly 

proportional to the displacement of the spring. This 

relationship is named after the 17th century scientist 

Hooke who studied it. 

 

Next we measured the period of a mass hung from one 

end of a spring and set into vertical oscillation. We 

performed this process using the four different masses 

0.145 kg, 0.105 kg, 0.055 kg, and 0.025kg. The period of 

each mass was measured three times using three 

different amplitudes of oscillation. 

We found that the spring constant depended on the 

effective mass of the spring and the period of 

oscillation. 

The period of the motion was the same whether the 

amplitude of the oscillation is large or small. In this 

method, the main cause of error was reaction time. 

Using this method we found a spring constant of 2.98 ± 

0.02 N/m. 
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Experiment (4) 

Speed of Sound Wave 

Apparatus 
 

 1000 ml graduated cylinder, 

 Resonance tube, 

 Set of tuning forks range256 Hz to 512 Hz, 

 Venires calipers 

 Meter stick 

 Stand (longest upright type) 

 Clamp and wooden block 
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Procedure 
 

1.  Clamp the tube so that the water in the graduated 

cylinder closes its lower end. The tube should be free to 

slide vertically through the clamp jaws.  Take an 

approximate value of 300 m s-1 for the speed of sound to 

obtain a rough estimate of the quarter wavelength 

resonance position. 

2.  Strike the highest frequency (512 Hz) tuning fork on 

the wooden block, and hold it in a horizontal position 

just above the mouth of the tube (Fig. 1). 

3.  Slide the tube slowly up/down until the note heard 

from the tube is at its loudest; resonance is now 

occurring. 

4.  Tighten the clamp in this position and measure the 

length of the air column (from the water level to the top 

of the tube) l with a metre stick. 

5.  Clamp the tube (or its extension) so that the air 

column is 2 or 3 cm less than 3l1 (Fig. 2). 

6.  Obtain a second weaker resonance with the same 

tuning fork by again sliding the tube until the note 

heard is at its loudest, at the three-quarters 

wavelength resonance position. 
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7.  Clamp the tube in this position and measure with a 

metre stick, the air column length l2 at this resonance. 

8.  Repeat this procedure to obtain the corresponding 

values of l1 and l2 for all the tuning forks in order of 

decreasing frequency. 

9.  Record the measurements in a table. 

10. Calculate the wavelength using) 2(12- l1) =λ in each 

case. 

11. Calculate the speed of sound from   C= λ f, for each 

of the tuning forks. 

12. Find the average value for the speed of sound. 

Results 

 

The average value of the speed of sound in air = 

……..m/sec. 
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Notes 
 

The experiment can be done using just one tube.  

Proceed to obtain resonance as before. Measure the 

length l1.   The antipode forms above the top of the 

tube and so an end correction factor has to be added to 

the length.  From theory, it is found that the correction 

factor e = 0.3d, where d is the average internal 

diameter of the tube (measured using a venire 

calipers). 

Hence 

λ = 4(l1 + 0.3d) 

c = fλ 

c = 4f (l1 + 0.3d). 

Calculate a value of c for each tuning fork and find an 

average value for the speed of sound. 

If a resonance tube is not available, use 50 cm lengths 

of 40 mm and 30 mm plastic pipes. 

A specially designed apparatus called a resonometer 

can also be used to obtain the data. 
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Beginning with the highest frequency tuning fork and a 

very short column of air, adjust the piston until the 

sound from the vibrating air column is loudest; this is 

the first resonance point. Measure the length l of the 

air column at resonance.  Proceed to use the set of 

tuning forks to complete the data table as in the 

previous method (it is difficult to distinguish resonance 

for frequencies below 340 Hz). 

 

λ = 4(l +e)       where e is the end correction factor 

λ = 4(l + 0.3d) where d is the internal diameter of the 

tube 

c = fλ 

c = 4f (l + 0.3d). 

 



21 

 

It is also possible to cause resonance in the air column 

using a signal generator and a loudspeaker; the 8 Ω, 5 

cm diameter model of loudspeaker is ideal.  Clamp the 

loudspeaker in a horizontal position just above the 

mouth of the tube.  Connect the loudspeaker to the low 

impedance output of the signal generator.  Gradually 

increase the signal generator frequency from zero until 

the air column resonates.  Calculate the speed of sound 

using the same procedures as before.  Repeat the 

experiment for different lengths of the air column. 
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Experiment (5) 

  Specific Latent Heat 

Heating of Wax or Naphthalene 

Hypothesis: 

During the change of state of naphthalene from solid to 

liquid, there is no change in temperature when heat is 

continuously supplied 

Aim of the experiment: 

To observe the change in phase with temperature when 

wax or naphthalene is melting 

Apparatus and Materials: 

 Boiling tube 

 Wax powder or naphthalene 

 Beaker 

 Thermometer 

 Bunsen burner 

 Stopwatch, retort stand, tripod stand, wire gauze 
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Procedure: 

1. The apparatus is set up as shown in the diagram. 

2. The initial temperature of the naphthalene is 

recorded. 

3.  The Bunsen burner is lighted and the stopwatch 

started. 

4.  The temperature of the wax or naphthalene is 

recorded at 1 minute intervals until the temperature 

reaches 90°C. 

5.  The state of the naphthalene is observed and 

tabulated throughout the heating process. 

6.  A graph of temperature against time is drawn. 
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Results: 

 

Graph of temperature against time: 

 

 

Discussion: 

 The temperature-time graph shows that the 

temperature of wax or naphthalene rises until the 

wax or naphthalene starts to melt. 

 The wax starts to melt at 80°C. The temperature 

remains constant at this value for several minutes 

while the wax continues to melt with the heat. 
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 After the wax or naphthalene has completely 

melted, the temperature begins to rise with 

continued heating. 

Conclusion: 

The temperature of the wax or naphthalene remains 

constant during a change of state from solid to liquid. 

Part II 

Cooling of wax (or naphthalene 

Hypothesis: 

During the change of state of naphthalene from liquid 

to solid, there is no change in temperature 
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Aim of the experiment: 

To observe the change in temperature when 

naphthalene is freezing 

 

Apparatus and Materials: 

 Boiling tube 

 Naphthalene powder 

 Beaker 

 Thermometer 

 Bunsen burner, stopwatch, retort stand, tripod 

stand, wire gauze 
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Set up: 

 

Procedure: 

1.    The apparatus is set up as shown in the diagram. 

2. The naphthalene (or wax) is heated until the 

temperature reaches 95°C. 

3.  The boiling tube is then removed from the water 

bath and the outer part of the tube is dried. 

4.  The temperature of the naphthalene is recorded 

every half minute until the temperature drops to about 

60°C and 350C in case of wax. 

5.  A graph of temperature against time is drawn. 
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Results:

 

Graph of temperature against time: 

 

 

 

Discussion: 

 The temperature-time graph shows that the 

temperature of naphthalene drops until 80°C 

where it stays constant for several minutes as it 

freezes. 

 After the naphthalene has completely frozen, the 

temperature continues to drop. 

Conclusion: 

 The temperature (or wax)of the naphthalene 

remains constant during a change of state from 

liquid to solid 
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