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Experiment (1) 

Refraction of the Light and Snell's Law 

Objective 

1. To verify Snell's Law 

2. To determine the refractive index of glass. 

3. To find the speed of light in that glass. 

Theory 

When light passes from one medium into an optically different medium at an angle other 

than normal to the surface, it is "bent" or undergoes a change in direction, as illustrated 

in Fig.(1). media. This bending, or change in the direction of the ray occurs only at the 

interface between the two materials. 

The interaction of the light with the transparent 

material changes the speed of light as it passes 

through the material. The relationship between 

the speed of light in a vacuum c and the speed 

of light in the material v is known as the index 

of refraction n. The index of refraction is 

defined in the following equation: 
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v

c
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where c is the speed of the light in vacuum and v is the speed of the light in medium. 

Equation (1) can be used to find a relationship between the angle of the incident wave, 

still measured with respect to the normal, and the angle of the light ray as it moves 

through this second material, known as the angle of refraction. This new relationship is 

known as Snell's Law, stated mathematically in the following equation: 
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where θi is the angle of incident, θr is the angle of refraction, n1 and n2 are 

the indices of refraction of the first and the second medium, respectively. If 

the incident medium is air n1 = 1, then 
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Equipments 

Glass block, laser pointer, protractor and ruler, sketch paper. 

Procedure 

1. Place glass block on white paper and trace around it. In the upper-left corner of 

the traced square, draw a line normal to the square 1 cm from the corner of the 

square that crosses the side of the square.  

 

 

2. Shine a ray of light from a laser pointer at a specified angle to the near side of the 

block. The incident and refracted rays should be easily seen. Carefully trace the 

incident ray, refracted ray, and the incident and exiting sides of the plate. 

3. Repeat for other incident angles between 10° and 90°. 

4. Measure sin θi and sin θr. 

5. Plot a graph of sin θi against sin θr.  

6. Determine the index of refraction from the slope of the graph. 

7. Calculate the speed of light in that glass. 

Results 

θi θr sin θi sin θr 

    

    

    

    

    

    

 

n =……………….    v =……………… 
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Experiment (2) 

Laws of lenses 
Objective 

1. To determine the focal length of an unknown convex lens by measuring the distances 

of image and object (using thin lens equation method). 

2. To determine the focal length of a convex lens using Bessel’s method. 

Theory 

The focal length of a lens can be determined by several techniques. Some of these are 

less difficult to use than others and some are more accurate. The following two 

subsections are a brief description of some of the techniques. 

Thin Lens Equation 

The relationship between the focal length f of a lens, the object distance u and the image 

distance v is obtained from geometrical optics. Three particular rays, the focal ray, the 

parallel ray and the central ray, are used to construct the image (Fig). 

From the thin lens equation 

)1(
111

qpf
  

where f is the focal length of the lens, p is the distance from the object to the lens and q 

is the distance from the lens to the image. 

The magnification of the image is the ratio of the size of the image, h', to the size of the 

object, h. It is also the negative of the ratio of the image distance to the object distance 
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Each of the variables (f, p, q, M, h', and h) can be positive or negative. The sign 

conventions coupled with the thin lens equation give us a simple and elegant way to 

predict the position, size, type, and orientation of any image produced by a thin lens if 

we know the object position and the focal length. 

Bessel’s method 
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Bessel developed a method of conjugate foci which is more accurate than the above 

method. The distance between object and image screen, L, is made longer than four 

times the focal length. If the lens is moved back and forth along the axis, the image will 

be in focus at two positions of the lens; in one position the image is magnified, in the 

other it is reduced. The focal length is calculated from the equation 
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where d is the distance between the two lens positions that produce an image for the 

given conjugate plane separation as illustrated in Fig 10.2. The focal length of the 

convex lens can therefore be determined from the measured values of L and d. 

 

 

Equipments 

Lenses, translucent screen, screen with arrow slit, double condenser f = 60 mm, optical 

profile-bench, power supply 0-12V DC. 

 

Setup and Procedure 

The experiment is set up as shown in the figure. A parallel light beam is produced with 

the lamp and the double condenser. 
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Part I: Determination of the focal length of an unknown convex lens by using thin 

lens equation method 

1. A parallel light beam is produced with the lamp and the double condenser. 

2. Put the object (screen with arrow slit) directly behind the condenser, and a clear 

image is projected on to the screen with a lens. 

3. The distances of image and object from the lens are measured (assume that the lens is 

thin). 

4. The measurement of distances of image and object is repeated, with the lens and the 

screen in different positions. 

Part II: Determination of the focal length of a convex lens by using Bessel’s method. 

1. The distance between the object and the screen, L, is made longer than four times the 

focal length of the lens. 

2. Adjust the position of the lens until you obtain a clear image on the screen, and record 

the scale reading of the optical profile-bench (the image is magnified). 

3. Alter the position of the lens so that the image and object distances are transposed, 

and record the new reading of the scale (the image is reduced). 

4. Find the distance d between the initial and the final positions of the lens, and record 

the value of d in the table. 

5. Repeat steps (2-4) four times and record the value of d. 
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Measurements and Calculations 

Part I 

Table 1: The results of a typical measurements for the determination of the focal length 

of a convex lens by using thin lens equation method. 

 

p(cm) 15 17 19 21 23 

q(cm)      

f(cm)      

 

 Compute the focal length of the lens from Eq. (1). 

 Find the average value of the focal length. 

cmf .......................  

Part II 

Table 2: The results of a typical measurements for the determination of the focal length 

of a convex lens by using Bessel’s method. 

 

Trial 1 2 3 4 5 

L(cm)      

d(cm)      

f(cm)      

Compute the focal length of the lens from Eq. (3). 

cmf .......................  
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Experiment (3) 

Spherical Mirrors 

Objective 

Measurement of the focal length of a concave mirror. 

Theory 

A spherical mirrors is a section of a sphere and is characterized by a center 

of curvature R Fig.(1). 

 

 

 

 

The distance from the center of curvature to the vertex of the mirror along to the optic 

axis is called the radius of curvature. The focal point f is midway between R and the 

vertex. The focal length of the mirror f is half its radius of curvature R: 

 

)1(
2

R
f   

 The images created by a curved mirror depend on whether the reflecting surface are 

outside or inside the curvature. If the reflecting surface is on the outside the curved 

surface the mirror is called convex ; if the reflecting surface is on the inside the curvature 

it is called concave. Now consider an object located a distance do from the mirror, 

beyond the center C. The object in Fig.(2) is an arrow extending up from the axis. 

Follow three single rays coming from the arrow's tip (object point) as they reflect from 

the mirror: 

Ray (1) passes through the center of curvature C of the concave mirror, or is on a path 

toward the center of curvature of the convex mirror. Because its path goes through C, it 

will strike the mirror at a right angle. The reflected ray (1) will therefore follow the same 

path back. 
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Ray (2) is parallel to the axis. It will reflect from either mirror along the path (2) that 

passes through the focal point F of the concave mirror, or appears to pass through the 

focal point of the convex mirror. This is because the incident and reflected rays make 

equal angles with the radius of curvature at the point of incidence. 

Ray (3) passes through the focal point F of the concave mirror, or is on a path toward the 

focal point of the convex mirror. It will reflect from either mirror along the path (3) that 

is parallel to the axis. Again, the incident and reflected rays make equal angles with the 

radius of curvature at the point of incidence. 

 

All three of these reflected rays intersect at a single point. This is the image point (the tip 

of the arrow). The three rays diverge as they continue beyond this image point. If you 

place your eye in that region (beyond the image), the diverging rays will create another 

image of the arrows tip on your retina. All other rays coming from the same object point 

(the arrows tip) and striking the mirror will intersect at that same image point. So the 

mirror has created an image of the arrows tip. In a like manner, the rays coming from 

any other object point (any other point on the arrow) that strike the mirror will reflect 

and intersect at image points between the axis and the image of the arrow tip. So every 

point on the object has a corresponding image point. The mirror has created a complete 

image of the object. Several characteristics of this reflection imaging process are worth 

special notice: 

1. All incident rays parallel to the axis that reflect from a concave mirror, as in 

Fig.(2), will converge and intersect at the focal point. A concave mirror is 

therefore called a converging mirror. 

2. All incident rays parallel to the axis that reflect from a convex mirror, as in 

Figure.(3), will diverge as if they were coming from its focal point. A convex 

mirror is therefore called a diverging mirror. 
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3. All incident rays passing through (or on a path toward) a focal point are reflected 

from either mirror in a direction parallel to the axis. 

4. All incident rays passing through (or on a path toward) a center of curvature are 

reflected from either mirror back through (or on a path toward) the center point. 

5. If the rays that eventually enter your eye actually diverge from the image, it is 

called a real image. If they only appear to be diverging from the image, it is 

called a virtual image. 

6. If the image has the same orientation as the object, the image is said tobe upright. 

If it has the opposite orientation, it is said to be inverted. 

7. If the image is larger than the object, it is said to be magnified. If it is smaller, it 

is reduced. 

 

The distance from the object to the vertex along the optic axis, p, is called the object 

distance, and the distance from the vertex to the image is the image distance q. then the 

focal length is given by 

)2(
111

qpf
  

In the case of a concave mirror, the focal length is taken to be positive (+), and for 

convex mirror the focal length is taken to be negative (-). The object distance p is taken 

to be positive in either case, and with this sign convention, if q is positive, the image is 

real, and if q is negative, the image is virtual. The magnification factor M is given by 

)3(
h

h

p

q
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If M is positive (q negative), the image is upright; M is negative (q positive), the image 

is inverted. 

Equipments 
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Spherical mirror, meter stick optical bench with mirror holder, screen, electric light 

source with object arrow. 

Setup and Procedure 

The experiment is set up as shown in the figure. A parallel light beam is produced with 

the lamp and the double condenser. 

 

 

 

1. Place the lamp-box well outside the approximate focal length. 

2. Move the screen until a clear inverted image of the arrow is obtained. 

3. Measure the distance p from the arrow to the mirror, using the meter stick. 

4. Measure the distance q from the screen to the mirror. 

5. Calculate the focal length of the mirror using (Eq.2). 

6. Repeat this procedure for different values of p graph. 

7. Calculate f each time and then find an average value. 

 

Measurements and Calculations 

 

p(cm)       

q(cm)       

f(cm)       

 

 Find the average value of the focal length. 

cmf .......................  
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Experiment (4) 

The Prism Spectrometer: 

Dispersion and the Index of Refraction 

Introduction 

In vacuum, the speed of light c is the same for all wavelengths or colors of light. 

However, when a beam of white light falls obliquely on the surface of a glass prism and 

passes through it, the light is spread out, or dispersed, into a spectrum of colors. This 

phenomenon led Newton to believe that white light is a mixture of component colors. 

The dispersion arises in the prism because the wave velocity is slightly different for 

different wavelengths. 

A spectrometer is an optical device used to observe and measure the angular deviations 

of the components of incident light due to refraction and dispersion. Using Snell’s law, 

the index of refraction of the prism glass for a specific wavelength or color can easily be 

determined. 

Objective 

1. Explain the dispersion of light in a dispersive medium. 

2. Describe the operation of a prism spectrometer. 

3. Determine  the index of refraction of a prism. 

Theory 

A monochromatic (single color or wavelength) light beam in air, obliquely incident on 

the surface of a transparent medium, and transmitted through the medium, is refracted 

and deviated from its original direction in accordance with Snell’s law 

)1(
sin

sin

2

1






v

c
n  

where n is the index of refraction, c is the speed of light in vacuum (air), v is the speed 

of light in the medium, and θ1 and θ2 are the angles of incidence and refraction, 

respectively. 

If the incident light beam is not 

monochromatic, each component wavelength 

(color) is refracted differently. This is why 

white light incident on a glass prism forms a 

spectrum (Fig. 1). The material is said to 

exhibit dispersion. The explanation of this 
Figure 1 Dispersion.  
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effect has to do with the speed of light. In vacuum, the speed of light is the same for all 

wavelengths of light, but in a dispersive medium, the speed of light is slightly different 

for different wavelengths. (The frequencies of the light components are unchanged.) 

Since the index of refraction n of a medium is a function of the speed of light (n = c/v = 

c/λm f, where the wave speed in the medium is v =λm f ), the index of refraction will then 

be different for different wavelengths. It follows from Snell’s law (Eq. 1) that different 

wavelengths of light will be refracted at different angles. 

The dispersion of a beam of white light spreads the transmitted emergent beam into a 

spectrum of colors, red through violet (see 

Fig.1). The red component has the longest 

wavelength, so it is deviated least. The angle 

between the original direction of the beam 

and an emergent component of the beam is 

called the angle of deviation D; it is different 

for each color or wavelength. 

As the angle of incidence is decreased from 

a large value, the angle of deviation of the component colors decreases, then increases, 

and hence goes through an angle of minimum deviation, Dm. The angle of minimum 

deviation occurs for a particular component when the component ray passes through the 

prism symmetrically, that is, parallel to the base of 

the prism if the prism is isosceles (Fig. 2).  

Experiment shows that as the angle of incidence i 

is increased from zero, the deviation D begins to 

decrease continuously to some value Dm, and then 

increases to a maximum as i is increased further to 

90
°
. A graph of D plotted against i has the 

appearance of the curve X, which has a minimum 

value at R, Fig. 3. 

The angle of minimum deviation and the prism 

angle A are related to the index of refraction of the prism glass (for a particular color 

component) through Snell’s law by the relationship 

  
 

)2(
2sin

2sin

A

DA
n m
  

Figure 2. Minimum deviation angle Dm 

Figure 3. Deviation angle D against incident angle i  
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The derivation of this equation can be seen from the geometry of Fig.2. Note from the 

top triangle that 

 180)90(2 2  A  

and therefore 

)3(
2

2

A
  

Also, for the symmetric case, it can be seen that 2mD ,or 

)4(
2

mD
  

(Note the interior triangle, 
mD  1802 .) Then 

)5(
222

21
mm DADA 

   

Substituting equations  3 and 5 into Snell’s law (Eq. 1) yields Eq.2. 

Prism spectrometer 

The spectrometer is an optical instrument used to measure accurately the refractive 

index of glass in the form of prism (Fig. 4). The four basic parts of a spectrometer are 

the (a) collimator and slit assembly, (b) prism, (c) telescope, and (d) divided circle. The 

collimator is a tube with a slit of adjustable width at 

one end and a converging lens at the other. Light 

from a light source enters the collimator. The length 

of the collimator tube is made equal to the focal 

length of the lens so as to make the rays of the 

emerging light beam parallel. The prism deviates 

and disperses the beam into a spectrum. The 

objective lens of the telescope converges the beam 

and produces an image of the slit, which is viewed through the telescope eyepiece. The 

eyepiece is fitted with cross hairs, which may be fixed on a particular spectral color. The 

divided circle makes it possible to measure the angle(s) of deviation.  

Equipment 

Spectrometer, lamp holder, Spectral lamp Hg, Power supply for spectral lamps, glass 

Prism , hollow prism filled with glycerin. 

Figure 4. Prism spectrometer. 
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Setup and Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

The experiment is set up as shown in Fig. 5. The spectrometer and the prism should be 

adjusted in accordance with the operating instructions. The aperture, or slit, is projected 

into the plane of the cross-wires with the telescope set to infinity and observed with the 

eyepiece which is used as a magnifier. 

Determination of the refracting angle A: 

1. Place the prism on the table of the spectrometer 

with the angle to be measured directed toward the 

lens of the collimator. 

2. Turn the telescope till you get an image formed by 

reflection on the surface of the prism. 

3. Determine the position of the telescope (A1) by 

reading the scale. 

4. Turn the telescope in the opposite direction to get 

another image of the slit reflected on the second 

face of the prism, and determine the position (A2) in this case. 

Determination of the angle of minimum deviation Dm: 

1. Place the glass prism on the table so that the angle (A) which was measured 

serves as the refracting angle. 

2. Turn the telescope till you gets spectral lines and measure the minimum 

deviation angle (Dm) for each spectral line. (The position of minimum deviation 

Figure 5. 

Figure 6Determination of the prism angle. 
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can be detected by looking to the spectrum through the telescope and rotating it 

until the spectrum reverse its direction.)  

3. Repeat the steps for the liquid prism. 

 

Measurements and calculations 

Measurements for determining the refractive index of the glass  

prism. 
 

 

 

 

Measurements for determining the refractive index of the liquid prism. 

 

 Yellow Green Blue Violet 

Dm     

n     

 Yellow Green Blue Violet 

Dm     

n     

Figure 7 Determination of the  

minimum deviation angle. 
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Experiment (5) 

Diffraction grating 
Measuring the Wavelengths of Light 

Objective 

To determine the wavelengths of the mercury spectral lines using plane transmission 

grating. 

Theory 

A diffraction grating consists of a piece of metal or glass with a very large number of 

evenly spaced parallel lines or grooves. This gives two types of gratings: reflection 

gratings and transmission gratings. Reflection gratings are ruled on polished metal 

surfaces; light is reflected from the unruled areas, which act as a row of “slits.” 

Transmission gratings are ruled on glass, and the unruled slit areas transmit incident 

light. The transmission type grating is used in this experiment. Diffraction consists of 

the “bending,” or deviation, of waves around sharp edges or corners. The slits of a 

grating give rise to diffraction, and the diffracted light interferes so as to set up 

interference patterns ( Fig. 1). 

 
Complete constructive interference of the waves occurs when the phase or path 

difference is equal to one wavelength, and the first-order maximum occurs for 

)1(sin 1  d  

where d is the grating constant, or distance between the grating lines, θ1 is the angle the 

rays are diffracted from the incident direction, and 1sind is the path difference between 

adjacent rays. The grating constant is given by 

)2(
1

N
d   

where N is the number of lines or grooves per unit length (usually per millimeter or per 

inch) of the grating. A second-order maximum occurs for;  2sin 2 d , and so on, so 

that in general, 

Figure 1 Diffraction pattern. A simplistic view of the 
diffraction pattern (two orders) produced by a diffraction 

grating. 
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)3(,3,2,1,sin  nnd n   

where n is the order of the image maximum. The interference is symmetric on either side 

of an undeviated and undiffracted central maximum of the slit image, so the angle 

between symmetric image orders is 2θn (Fig.2). 

 

 
 

Equipment 

Spectrometer, lamp holder, spectral lamp Hg, power supply for spectral lamps, 

diffraction grating. 

Set up and procedure 

 

 
 

The experiment is set up as shown in Fig. 3. The spectrometer and the grating should be 

adjusted in accordance with the procedure (steps 1-3). 

1. Illuminate the slit of the collimator by the mercury light. 

2. Adjust the position of the telescope such that the image of the slit is obtained at 

the position of the vertical cross-wire in the field of view of the telescope. In this 

position the reading on the circular scale must be zero. 

3. Place the grating on the table of the spectrometer such that its surface is normal 

to the incident beam. We can adjust the grating, normally to the incident beam, 

by looking to the spectrum through the telescope and then rotating the table until 

Figure3 . 

Figure 2 A diagram of a top view of a grating spectrometer. When the symmetric 

images of a particular order n are viewed from both sides of the central maximum, the 

angle between the two viewing positions is 2θn. 
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the spectrum reverse its direction. In this position the grating surface is normal to 

the incident beam. 

4. Measure the angles of diffraction θ1L, θ1R, θ2L and θ2R corresponding to the first 

and second orders for each spectral line. 

5. Calculate the angles of diffraction θ1 and θ2, where 

2

11
1

RL 



  

 

 

Measurements and Calculations 

  Yellow Green Blue Violet 

1st order 

θ1L     

θ1R     

θ1     

λ1(nm)     

2nd order 

θ2L     

θ2R     

θ2     

λ 2(nm)     

 
2

21 



 (nm)     

 

 

Figure 4  Dispersion in diffraction grating. 
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Experiment (6) 

Thermal Expansion in Solid 

Objective 

Determination the linear expansion of (Copper, Aluminum, Steel). 

Introduction 

With few exceptions, solids increase in size or dimensions as the temperature increases. 

Although this effect is relatively small, it is very important in applications involving 

materials that undergo heating and cooling. Unless these changes are taken into account, 

material and structural damage can result; for example, a piston may become too tight in 

its cylinder, a rivet could loosen, or a bridge girder could produce damaging stress. The 

expansion properties of a material depend on its internal makeup and structure. 

Macroscopically, the thermal expansion is expressed in terms of temperature 

coefficients of expansion, which are experimental quantities that represent the change in 

the dimensions of a material per degree of temperature change. In this experiment, the 

thermal expansion of some metals will be investigated and their temperature coefficients 

of linear expansion determined. 

Theory 

For solids, a temperature increase leads to the thermal expansion of an object as a whole. 

This expansion results from a change in the average distance separating the atoms (or 

molecules) of a substance. The atoms are held together by bonding forces, which can be 

represented simplistically as springs in a 

simple model of a solid. The atoms vibrate 

back and forth; and with increased temperature 

(more internal energy), they become 

increasingly active and vibrate over greater 

distances. With wider vibrations in all 

dimensions, the solid expands as a whole. This 

may be different in different directions; 

however, if the expansion is the same in all directions, it is referred to as isotopic 

expansion. 

Figure 1  Linear thermal expansion. At the initial temperature 

To, the length of the rod is Lo. At some higher temperature T, 
the rod has expanded to a length L, and the change in length is 

ΔL for the temperature change ΔT. 
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The change in one dimension (length, width, or thickness) of a solid is called linear 

expansion. For small temperature changes, linear expansion is approximately 

proportional to the change in temperature, 0TTT   (Fig. 1).  

 The fractional change in length is 
00

0

L

L

L

LL 



, where 0L  is the original length of the 

solid at the initial temperature. This ratio is related to the change in temperature by 

)1(
0

T
L

L



  

or 

)2(0 TLL    

Where α is the thermal coefficient of linear expansion, with units of inverse 

temperature,1/°C. Note that with a temperature decrease and a contraction, L  would be 

negative, or a negative expansion.  

By Eq. 1, α is defined in terms of experimentally measurable quantities: 

)3(
0 TL

L




  

Then 

)4()1(0 TLL    

Hence, by measuring the initial length Lo of an object (for example, a metal rod) at an 

initial temperature To and the change in its length L  for a corresponding temperature 

change T , a can be computed. 

Equipment 

Linear expansion apparatus, rubber tubing, lab thermometer (0 to 100 c±), copper tube, 

steel tube and aluminum tube. 

Procedure 
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1. A typical arrangement for determine the coefficient of thermal expansion is 

shown in Fig.2.  

2. Fill the bath with distilled water and set the thermostat to 30, wait until the 

thermometer read 30 °C. 

3. Measure the reading of the expansion of the used rod by the micrometer with the 

clock gauge.  

4. Repeat steps 2 and 3 several times for several temperature. 

5. Plot ΔL on the y-axis, and ΔT on the x-axis, calculate the slope. 

Measurements and calculations 

To=……………….., Lo=……………….. 

ΔL(mm)        

T°C        

ΔT°C        

 

α=……………….. 

 

Figure 2 Experimental set-up for measuring thermal expansion. 
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Experiment (7) 

Heat capacity of metals 

Objectives 

1. To determine the heat capacity of the calorimeter by filling it with hot water and 

determining the rise in temperature. 

2. To determine the specific heat capacity of aluminum, iron and brass. 

Introduction 

Different substances require different quantities of heat to produce a given temperature 

change. For example, about three and one-half times as much heat is needed to raise the 

temperature of 1 kg of iron through a given temperature interval ΔT as is needed to raise 

the temperature of 1 kg of lead by the same amount. This material behavior is 

characterized quantitatively by specific heat, which is the amount of heat necessary to 

raise the temperature of 1 gram of the substance 1 degree Celsius. Thus, iron has a 

greater specific heat than lead. The specific heat of a material is specific or characteristic 

for that material. As can be seen from the definition, the specific heat of a given material 

can be determined by adding a known amount of heat of a known mass of material and 

noting the corresponding temperature change. The purpose of this experiment is to 

determine the specific heats of some common metals by calorimetry methods. 

Theory 

The change in temperature ΔT of a substance is proportional to the amount of heat ΔQ 

added (or removed) from it 

)1(TQ   

In equation form, we may write 

)2(TCQ   

Where the constant of proportionality C is called the heat capacity of the substance. 

However the amount of heat required to change the temperature of an object is also 

proportional to the mass of the object. Hence, it is convenient to define specific heat 

capacity c (or simply specific heat): 

m

C
c   
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Which is the heat capacity per unit mass of a substance. Thus, equation (2) becomes: 

)3(TmcQ   

Then 

)4(
Tm

Q
c




  

The specific heat is the amount of heat (in calories) required to change the temperature 

of 1 g of a substance 1°C. The calorie is the unit of heat defined as the amount of heat 

required to raise the temperature of 1 g of water 1 °C. By definition, then, water has a 

specific heat of 1 cal/g °C. 

The heat capacity of a calorimeter and the specific heat of a substance can be determined 

experimentally by measuring the temperature change of a given mass of substance 

produced by a quantity of heat. This is done indirectly by a calorimeter procedure 

known as the method of mixtures. If several substances at various temperatures are 

brought together, the hotter substances will lose heat and the colder substances will gain 

heat until all the substances reach a common equilibrium temperature. If the system is 

insulated so that no heat is lost to the surroundings, then by the conservation of energy, 

the heat lost is equal to the heat gained. In part (I) of this experiment an empty 

calorimeter at room temperature is filled with a known mass of hot water, then the 

mixture temperature is measured. So we may write 

    )5(

ter)lost(by waheat     r)calorimetegained(by heat  

)()(

)()(

waterrcalorimete

waterrcalorimete

Tm cTC

QQ







 

In part (II) hot metal is added to water in a calorimeter cup and the mixture is stirred 

until the system is in thermal equilibrium. The calorimeter isolates the system from 

losing heat. In mathematical form, we may write: 

heat lost(by metal) = heat gained(by calorimeter and water)   

      )6()()()(

)()()(

waterrcalorimetemetal

waterrcalorimetemetal

TmcTCTmc

QQQ




 

then 

)7())(()( )( wfwwrcalorimetefmimm TTcmCTTcm   

Solving for cm, 
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Where Tm is the initial temperature of the hot metal, Tw is the initial temperature of the 

colder water and calorimeter cup and stirrer, and Tf is the final intermediate equilibrium 

temperature of the system. 

Equipments 

Calorimeter, glass beaker, thermometer (0 to 100 c±), different metal pieces, Bunsen 

burner, stirrer. 

The calorimeter consists of a small cup placed inside a larger cup. The cups are made of 

material which has a low specific heat. The space between cups is filled with air or 

insulator to minimize the loss of heat from inner cup and its contents. 

Procedure 

 

Part (I)  

Determination the heat capacity of the calorimeter 

1. Weigh the inner cup of calorimeter at room temperature (Mcal). 

2. Measure and record temperature of empty calorimeter (Tcal) and the temperature 

of the preheated water (Tw). 

3.  After filling the calorimeter with hot water, determine the mixing temperature in 

the calorimeter; record the temperature when a maximum equilibrium 

temperature is reached (Tf). 

4. Reweigh the calorimeter to determine the mass of the water that it contains (mw). 

5. Calculate the heat capacity of the calorimeter 'Ccal'. 
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Part (II)  

Determination the specific heat capacity of metal samples 

1. Fill a glass beaker with water. Put a known mass piece of metal (mm), tight with 

a light string 4 cm high from the bottom of the beaker. 

2. Heat the beaker, water and the piece of metal to Tm = 100°C for 10 minutes. 

3. Fill the calorimeter with water at room temperature, a few minutes later 

determines the temperature Tw. 

4. Transfer quickly the piece of metal immersed in the boiling water into the 

calorimeter cup, stir well and continuously for a little while then determine the 

temperature of the mixture Tf . 

5. Calculate the specific heat capacity of the metal sample 'cm'. 

)(

))(( )(

fmm

wfwwrcalorimete

m
TTm

TTcmC
c




  

Measurements and calculations 

Part (I)  

Mcal(gm) mw(gm) Tw (ºC) Tcal (ºC) Tf (ºC) 

     

Ccal =……………….. 

Part (II) 

mm(gm) mw(gm) Tw (ºC) Tm (ºC) Tf (ºC) 

     

cm =……………….. 

 



 27 

A 

Δx 

T2 

T1 
Q 

Experiment (8) 

Thermal Conductivity of Metals 

Objectives 

1. To investigate the characteristics of heat flow. 

2. To determine the thermal conductivity of the metal rod. 

 Introduction 

 Heat transfer is a science that studies the energy transfer between two bodies due to 

temperature difference. There are three types or modes of heat transfer: conduction, 

convection and radiation.  

Conduction is the process  in which heat is transmitted from one point to the other 

through the substance without the actual motion of the particles. When one end of a 

metal bar is heated, the molecules at the hot end vibrate with higher amplitude and 

transmit the heat energy from one particle to the next and so on. 

Convection is the process  in which heat is transmitted from one place to the other by 

the actual movement of the heated particles. It is the prominent in the case of liquids and 

gases. 

Radiation is the process  in which heat is transmitted from one place to the other directly 

without the necessity of the intervening medium. We get heat radiations directly from 

the sun without affecting the intervening medium. 

Theory 

If a temperature difference exists between different locations of a 

body, heat conduction occurs. Consider a slab of material of 

thickness x  and cross-sectional area A . One face of the slab is at a 

temperature 1T  , and the other face is at a temperature 2T ( 12 TT  ).  

Experimentally, it is found that the energy Q transfers in a time 

interval t  from the hotter face to the colder one. The rate tQ /  which this energy 

transfer occurs is found to be proportional to the cross-sectional area and the 

temperature difference 12 TTT  , and inversely proportional to the thickness  
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For a slab of infinitesimal thickness dx  and temperature difference dT , we can write the 

law of thermal conduction as 

)1(
dx

dT
Ak

t

Q



 

where the proportionality constant k is the thermal conductivity of the material and 

dT/dx is the temperature gradient (the rate at which 

temperature varies with position). 

Suppose that a long, uniform rod of length L is 

thermally insulated so that energy cannot escape by heat from its surface except at the 

ends, as shown in figure. One end is in thermal contact with an energy reservoir at 

temperature 1T , and the other end is in thermal contact with a reservoir at temperature 

2T ( 12 TT  ). When a steady state has been reached, the temperature at each point along 

the rod is constant in time. In this case if we assume that k is not a function of 

temperature, the temperature gradient is the same everywhere along the rod and is 

L

TT

dx

dT 12   

Thus the rate of energy transfer by conduction through the rod is 

)2(12







 


 L

TT
Ak

t

Q
 

Substances that are good thermal conductors have large thermal conductivity values, 

whereas good thermal insulators have low thermal conductivity values. Note that metals 

are generally better thermal conductors than nonmetals. 

Equipments 

Calorimeter vessel, heat conductivity rods, digital temperature meter, stopwatch, 

immersion heater, glass beaker and caliper. 

Procedure 

Part (I)  

Determination the heat capacity of the calorimeter 

T2 T1 

L 

Q 
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6. Weigh the calorimeter at room temperature. 

7. Measure and record the room temperature and the temperature of the preheated 

water provided. 

8. After filling the calorimeter with hot water, determine the mixing temperature in 

the calorimeter. 

9. Reweigh the calorimeter to determine the mass of the water that it contains. 

10. Calculate the heat capacity of the calorimeter 'Ccal'. 

 
 Rm

mw
wwcal

TT

TT
mcC




  

cw = specific heat capacity of water 

mw = mass of the water 

Tw = temperature of the hot water 

Tm = mixing temperature 

TR = room temperature 

Part (II)  

Determination the thermal conductivity of the metal rod 

1. Perform the experimental set-up 

according to figure. 

2. Weigh the empty, lower calorimeter. 

3. Insert the insulated end of the metal rod 

into the upper calorimeter vessel. To 

improve the heat transfer, cover the end of 

the metal rod with heat-conduction paste. 

4. Attach the metal rod to the support stand 

in such a manner that the lower 

calorimeter can be withdrawn from 

beneath it. 

5. The surface temperature probe must be 

positioned as close to the rod as possible. 
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6. The outermost indentations on the rod (separation: 31.5 cm) are used to measure 

the temperature difference in the rod. To improve the heat transfer between the 

rod and the surface probe, use heat-conduction paste. 

7. Using an immersion heater, bring the water in the upper calorimeter to a boil, 

and keep it at this temperature.(Ensure that the upper calorimeter is well filled to 

avoid a drop in temperature due to contingent refilling with water.) 

8. Keep the water in the lower calorimeter at 0°C with the help of ice. 

9. The measurement can be begun when a constant temperature gradient has 

become established between the upper and lower surface probes, i.e. when no 

changes occur during the differential measurement. 

10. Measure and record the change in the differential temperature and the 

temperature of the water in the lower calorimeter for a period of 2 minutes. 

11. The heat energy supplied to the lower calorimeter can be calculated for each time 

interval, by using   TCmcQ calww  , where 0TTT  , 0T is the 

temperature at 0t . 

12. Plot the heat energy Q  as a function of time. 

13. Plot the change in the temperature difference on the metal rod T  as a function 

of time. 

Results 

Part (I)  

mw(gm) Tw (ºC) Tm (ºC) TR (ºC) 

    

Ccal =……………….. 

Part (II) 

T            

t(sec)           

T(cold water)           

Q            

thermal conductivity of the metal rod (k)=………………………….. 
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Experiment (9) 

Equation of State of Ideal Gases 

Objectives 

For a constant amount of gas (air) investigate the correlation of 

1. Volume and pressure at constant temperature (Boyles law). 

2. Volume and temperature at constant pressure (Gay-Lussac's law). 

3. Pressure and temperature at constant volume (Charles's law). 

Introduction 

The gas laws are thermodynamic relationships that express the behavior of a quantity of 

gas in terms of the pressure P, volume V , and temperature T. The kinetic energy of 

gases expresses the behavior of a "perfect" or ideal gas to be PV = nRT, which is 

commonly referred to as the ideal gas law. However, the general relationships among P, 

V and T contained in this equation had been expressed earlier in the classical gas laws 

for real gases. These gas laws were based on the empirical observations of early 

investigators, in particular the English scientist Robert Boyle and the French scientists 

Jacques Charles and Joseph Gay-Lussac. 

Theory 

Boyle's law: 

Around 1660, Robert Boyle had established an empirical relationship between the 

pressure and the volume of a gas, which is known as Boyle's law: at constant 

temperature, the volume occupied by a given mass of gas is inversely proportional to its 

pressure. In mathematical notation, we write 

)1(
1

P
V   

In equation form, we may write 

)2(
P

K
V   

Where K is the constant of proportionality for a given temperature. The pressure of a 

confined gas is commonly measured by means of a manometer. The gas pressure for 

such an open-tube manometer is the sum of the atmospheric pressure 'Pa' and the 

pressure of the height difference of mercury 
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)3(mma hgPP   

but 

gHgcmP ma 7676   

then equation (3) becomes: 

)4()76(  mm hgP   

where ρm = 13.6 gm/cm
3
 and g = 980cm/s

2
 

The volume of the enclosed gas is the volume of the measuring tube segment marked in 

brown added to the volume calculated from the length of the column of air: 

)5(01.1 mlVV a   

or 

)6(

1

01.102.1

01.1
2

14.1

01.1

2

2

a

a

a

a

a

h

h

h

mlh

mlhrV























 

Substituting with P and V in Eq. (2): 

)7()76( KhhgPV amm    

Let  

g

K
K

m
  

then Boyle's law is 

)8(76





a

m
h

K
h  

Where hm represents the change in pressure, and since the cross sectional area of the 

tube is constant, then ah  represents V . 

Charles's and Gay-Lussac's laws : 

In 1787, the French physicist Jacques Charles reported the result of a series of 

experiments which is known as Charles' law : at constant volume, the pressure exerted 

by a given mass of gas is proportional to its absolute temperature. In mathematical 

notation, 

)9(TP  

or 
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)10(KKTP   

where k is a constant of proportionality. If we substitute for the value of P from Eq. 4, 

we get 

)11()76( KThg mm   

or 

)12(76 T
g

K
h

m

m


 

Then 

)13(76 Km TKh  

Notice that the gas laws are expressed in terms of absolute temperature (Kelvin) 

273 cK TT . Charles' law; (Eq.10), can be written in terms of Celsius temperature  

)273(  CK TKKTP  

or  

)14(273KKTP C   

At TC = 0°, 

273

273

0

0

P
K

PKP





 

Where 0P  is the pressure of the gas at TC = 0°C. 

Hence Eq. 14, becomes 

)15(
273

0
0 CT

P
PP 








  

or 

)16()1(0 CTPP   

Where 1)273/1(  C  , is the temperature coefficient of pressure. For most common 

gases at law pressures, the experimental value of   is found approximate 1)273/1( C , 

this experimental value means that if the temperature were lowered to -273°C , the 

pressure would be zero  

0)11(
273

273
1 00 







 
 PPP  

This irreducible minimum of temperature corresponding to zero pressure is called 

absolute zero. Experimentally, absolute zero is defined by measuring P verses Tc of a 
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real gas (at constant volume) over an appropriate temperature range extrapolating the 

curve until it intersects the temperature axis that corresponds to the temperature of zero 

pressure (Fig.1). 

 

 

In 1802, Gay-Lussac, using a somewhat different experimental approach, essentially 

restarted Charles' law in a form more commonly used today (also known as Gay-

Lussac's law): at constant pressure, the volume of a given mass of gas is proportional to 

its absolute temperature. That is, 

)17(TV   

or 

)18(TKV   

From Eq.6 

)19(TKha
  

 Eq.18, can be written in terms of Celsius temperature  

)273(  CK TKTKV  

or  

)20(273KTKV C
  

At TC = 0°, 

273

273

0

0

V
K

VKV





 

Where 0V  is the volume of the gas at TC = 0°C. 

Hence Eq. 20, becomes 

)21(
273

0
0 CT

V
VV 








  

0 

P 

T(°C) 

-273°C 

0K 

P=KT 

Figure 1 variation of P with T at constant 
volume. 
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Since the volume V of trapped air is proportional to the length of gas column ha, and h0 

is the length of gas column TC = 0°C, 

)22()1(0 Ca Thh   

where 1)273/1(  C  , is the temperature coefficient of volume.  

This irreducible minimum of temperature corresponding to zero pressure is called 

absolute zero. Experimentally, absolute zero is defined by measuring V verses Tc of a 

real gas (at constant pressure) over an appropriate temperature range extrapolating the 

curve until it intersects the temperature axis that corresponds to the temperature of zero 

volume (Fig.2). 

 

 

Equipments 

Gas laws apparatus, lab thermometer (-10… + 100°C), distilled water. 

Procedure 

Part (I) 

1. During the experiment, the temperature in the measuring tube must be kept 

constant. Keep the heater off and record reading of the thermometer in the air 

tube. 

0 

ha 

T(°C) 

-273°C 

0K 

 

Figure 2 variation of V with T at constant 

pressure. 



 37 

2. Raise or lower the open end of the tube until the mercury levels in both sides are 

equal, then record the length of the enclosed air column ha, where the difference 

of mercury levels hm = 0. Repeat this step several times. 

3. Raise the mercury level in the open tube to decrease the air column, then record 

ha and  hm (Fig.3). 

4. Plot hm on the y-axis, and 1/ ha on the x-axis, then calculate the slope and 

determine the atmospheric pressure Pa. 

 

PART(II) 

1. Set the thermostat to 30 °C wait until the thermometer read 30 °C 

2. Raise or lower the open end of the tube until the mercury levels in both sides are 

equal, and then record the length of the enclosed air column ha = h0 and the 

difference of mercury levels hm = 0. 

3. During the experiment the volume must be constant; this means ha must be 

constant. Increase the thermostat by 5°C wait for temperature constancy in the 

measuring tube and the increment of ha. 

4. Raise the open end tube to return the length of air column to ha = h0, then record 

hm and TC. 

5. Repeat steps 3, 4 several times. 

6. Plot the pressure versus temperature to determine the absolute zero. 

PART(III) 

1. Set the thermostat to 30 °C wait until the thermometer read 30 °C 

2. Raise or lower the open end of the tube until the mercury levels in both sides 

are equal, and then record the length of the enclosed air column ha = h0 and 

the difference of mercury levels hm = 0. 

ha 

Pa Pa 

Figure 3 
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3. During the experiment the pressure must be constant; this means hm = 0. 

Increase the thermostat by 5°C wait for temperature constancy in the 

measuring tube and the increment of ha. 

4. Lower the open end tube to return to equal levels of mercury hm=0, then 

record ha and TC. 

5. Repeat steps 3, 4 several times. 

6. Plot the volume versus temperature to determine the absolute zero. 

Measurements and calculations 

Part (I)  

ha (cm)       

(1/ha) (cm)
-1 

      

hm (cm)       

Part (II) 

h0=…………………… 

T (ºC)       

T (K)       

hm (cm)       

Part (III) 

h0=…………………… 

T (ºC)       

T (K)       

ha (cm)       
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Experiment no. (10) 

Vibration of Strings 

Objectives 

1. To measure the frequency of a string as a function of the tensioning force to find the 

length of the string. 

2. To measure the frequency for different lengths at a fixed tension to find the density of 

string material. 

Introduction 

A wave is defined as the transfer of energy from one point to another,  There are two 

types of waves: mechanical and non- mechanical.  

Mechanical waves are waves that require a medium to travel through, as a mechanical 

wave travels through a medium, it loses energy to the medium. The molecules in the 

medium are forced to vibrate back and forth, generating heat. Consequently, the wave 

can only propagate through a limited distance, when this event happens, we say that the 

wave has been damped. Damping can be observed by the fact that the wave's amplitude 

has decreased. examples of mechanical waves are water waves, vibrating string, and 

sound waves. Different substances carry waves at various speeds; metals carry it faster 

than water which transfers it faster than air. 

Non-mechanical waves are waves that do not require a medium for the transfer of their 

energy to occur. Electromagnetic waves are the only type of non-mechanical 

waves. They can travel through the vacuum of space. Light from distant stars travel 

hundreds of thousands of millions of years to reach us. Although the electromagnetic 

radiation spans a large spectrum of wavelengths and frequencies, all electromagnetic 

radiation travels through a vacuum at 3 x 10
8
 m/sec, or c, the speed of light. 

Electromagnetic waves (such as light, radio waves, x-rays, microwaves) do not need a 

medium to travel through, so these are not mechanical waves. 

There are two types of mechanical waves: 

1. Longitudinal wave : cause the medium to vibrate in the direction of propagation of 

wave. The longitudinal wave propagates through a medium in the form of alternate 

compression and rarefactions. When the particles of the wave is traveling through 

http://online.cctt.org/physicslab/content/Phy1/lessonnotes/waves/spectrum.asp
http://www.pbs.org/wgbh/nova/gamma/spec_flash.html
http://www.pbs.org/wgbh/nova/gamma/spec_flash.html
http://www.pbs.org/wgbh/nova/gamma/spec_flash.html
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are close together, it is called compression. And when the particles it is traveling 

through are spread apart, it is called rarefaction. It exhibits the interference and 

diffraction but doesn't exhibit polarization . It is also known as pressure wave. 

 

2. Transverse waves cause the medium to vibrate at a 90-degree angle to the direction 

of the wave. Transverse waves have two parts, the crest and the trough. The crest is 

the highest point of the wave and the trough is the lowest. The separation between 

two consecutive crests or troughs is called wavelength. The transverse wave exhibits 

interference, diffraction and polarization. 

 

Theory and evaluation 

An ideal vibrating string will vibrate with its fundamental frequency and all harmonics 

of that frequency. The lowest resonant frequency of a vibrating string is called its 

fundamental frequency. Most vibrating strings have more than one resonant frequency  

A harmonic is defined as an integer (whole number) multiple of the fundamental 

frequency. The nth harmonic = n x the fundamental frequency. 

The greatest possible wavelength on a string of length L is  λ = 2L.  The fundamental 

frequency, which corresponds to this wavelength, is the lowest frequency of vibration is 

given by the equation 

 l

VV
f

21

1 


http://en.wikipedia.org/wiki/Compression_(physical)
http://en.wikipedia.org/wiki/Rarefaction
http://en.wikipedia.org/wiki/Crest_(physics)
http://en.wikipedia.org/wiki/Trough_(physics)
http://hyperphysics.phy-astr.gsu.edu/hbase/waves/string.html#c1#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/waves/funhar.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/sound/reson.html#resdef
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The points labeled A are called antinodes. The points labeled N are called nodes. Note 

that there are nodes located at both ends of the string. The condition shown in Figure is 

called the 

fundamental or first harmonic frequency f1, of the string. This occurs when one half- 

wavelength equals the length of the string. The condition shown in Figure is called the 

second harmonic f2 and the third harmonic is f3; and so on. In general, the nth harmonic, 

fn, has n antinodes and n + 1 nodes. 

The fundamental or first harmonic frequency f1, depends, in part, on the physical 

properties of the string, one of which is its length L. It also depends on the tension T, 

being applied to the string. 

 

 Now consider a string fixed at one end with the other end attached to a device that 

vibrates the string in the direction perpendicular to its length. The vibrations produce 

waves that travel along the length of the string; the string moves “up and down” while 

the waves travel either from “left to right” or from “right to left”. The speed at which the 

waves travel along the string is just the product of their frequency f, normally expressed 

in Hertz (cycles/second), and their wavelength λ : 



 42 




 q
l

ql

l

V

l

m


 

υ = f λ ,    so    f = υ/ λ .                    (1) 

 

 

To find the wave speed in the string , apply Newton’s 2nd law to element Δs of string 

moving left with speed v , around circular arc of radius R . Define θ as half of angle 

subtended by arc Δs of radius R: 

 

The properties of string element are then: 

 Length: Δs = R× 2θ 

 Mass: m = μ × R×2θ, μ is mass per unit length (i.e. linear density ) 

 Cross sectional area q, 

 The density of the material from which the string is made is ρ, 

 Force on element is due to tension T at ends is the Radial component of force is 

 FR = 2T sinθ  ≈ 2Tθ ,  for small θ (in radians). 

 Newton’s 2nd law says FR = macent 

 

 Where ,                          (2) 

 

Cancel θ and R to get eqn                 (3) 

 

 

Substitute about 

 

Where V is the volume of the string which equal to ql , where q is the cross sectional 

area and l is the length of string. 

R

v
RT

2

22  



T
v 

R

v
a

2



q

T
v 
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The equation (3) will be                                   and from equation (1) you can get     

 

                          

      where λ = 2l as we see in the figure  

 

Therefore the fundamental frequency of string of length l tensioned at both ends is  

 

                                                                          (4) 

 

Says: for wave on string, v
2
 : 

  Increases with tension → tighter string, faster wave 

  Decreases with linear density → heavier string, slower wave 

Equipments 

Vibration of string apparatus, string tensioning device, different wires, meter scale, 

striking hammer, rubber, photo element f. opt. oscilloscope, digital counter, 4 decades.  

 

 

Part (I) Determination the density of material from which the string is made  

1. Put the string is across 2 triangular sliders and clamped between a fixed hook and 

a spring balance,  

2. The tensioning force should be nearly 15 N . 
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3. The string length can be set by moving the triangular sliders along the measuring 

scale. If a piece of the string outside these sliders vibrates as well it can be 

stopped by gently laying a finger on it (this must not, however, alter the string 

tension). 

4. The vibration of the string is optically scanned midway between the sliders. The 

signal from the photo-cell, fitted with an aperture slit, is amplified and 

transmitted to the oscilloscope and the counter timer. 

5.  A gentle tap with the rubber hammer is sufficient to start the string vibrating.  

6. Measure the frequency on the digital counter.  

7. Repeat paragraph 3 to 6 with values of L equal to 30, 40, 50, 60, 70 and 80cm. 

8. Plot the frequency as y- axis versus 1/L as x-axis, and find the slope of the line, 

then you can find the value of density of the material from eqn. (4)  which the 

string is made. 

L (cm)         

1/L (cm
-1

)         

f(Hz)         

part (II)  Determination  the length of the  string 

1. For a constant length of the string repeat the last procedure in part (I) with  

different values of T equal to  10, 12, 14, 16, 18, 20 and 22N. 

2.  Measure the frequency for each value of T. 

3. Plot square of the frequency f
2
 as y- axis versus T as x-axis, then find the slope 

of the line, you can find the value of length of the string. 

T (N)        

f (Hz)        

f
2
 (Hz)

2 
       

 

 

 


