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             λ = wavelength of the diffracted color. 

 

10- Calculate the percentage error for each color by using error	% = 	 ቤλ୲୦ୣ୭୰୧୲୧ୡୟ୪	 − 	λ୮୰ୟୡ୲୧ୡୟ୪λ୲୦ୣ୭୰୧୲୧ୡୟ୪ ቤ × 100% 

 

Discussion: 

1- Discuss the reason of error. 
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Procedure : 

1-  Adjust the eyepiece of the telescope until the cross hairs are in 

sharp focus. 

2- Turn the telescope towards a distant seen through an open 

window.Adjust the focusing screw until there is no parallax 

between the image of the distant object and the cross hairs. 

3- Illuminate the list with light from source. Turn the telescope on 

to line with a collimator and view the list by light, which passes 

through both collimator and telescope. Adjust the collimator 

screw until the image of the list is clearly seen with no parallax 

between it and the cross hairs. 

4- Place the prism ABC on the table so that one of the faces AC 

bounding the refracting angle A is perpendicular to the line XY 

joining two of the three screws XYZ as shown in figure (2).  

 

 

 

 

 

 

 

 

 

 

 

 

         5- Move the telescope to observe the spectrum and particularly not   

         the strong lines in the red and blue. Ends of the spectrum that are 

called the C (red) and F (blue) lines respectively.          

Figure (2): Prism on the spectrometer table 

2A

Z

Y

X

C

A

B



 

6- As described above by suitable rotation of the  prism table and the      

telescope set the C line in the position of minimum deviation . set the 

cross-hairs on the C line and read the vernier setting of the telescope 

c .  

7- determine the refractive index of such color by using  n = ୱ୧୬ቀಉశಊమ ቁୱ୧୬ቀಉమቁ   

8- Repeat step above  for the line f .  

 9- Find the Angular separation between two reference wavelengths       

exiting the prism. D=nf -nc 

 10- Determined the Total deviation of a third standard wavelength    

nD-1, by measuring the deviation angle and the refractive index for      

the yellow line. 

    11- determine the dispersive power of the prism used 
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Discussion: 

1- Discuss the result of the dispersive power . 

2- Describe the following terms or concepts: 

a. Chromatic dispersion  

b. Dispersive power  

c. Abbe number  

d. Lateral displacement of light beam  

e. Ordinary ray  

f. Extraordinary ray  

3- By what way the deviation angle of the green color can measured ? 

4- Discuss the variation of the velocity of different color inside the glass? 
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Procedure: 

 

1- The double slit placed a distance (L) from the laser. 

2- Arrange the distance between the double slit and the viewing screen until 

Young`s fringes will be observed  

3- Fix the position of the screen and determine the distance between the screen and 

the double slit which represent (D). 

4- By using a graph paper, make the center of the dark fringe by a fine pencil and 

fine the width of the fringe (ܺ௡). 

5- Calculate the wavelength of the laser beam from equation (1) 

6- Find the percentage error of the experiment. 

7- Repeat the step above for the other different value of (d). 

 

Discussion: 

 1- Are the source must be coherent? Why? 
2- How much the percentage error and what is the reason caused this error.  
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Discussion: 

1- What does the law of reflection state? 

2- Does the law of reflection hold for curved mirrors? 

3- Is the law of reflection applicable to all surfaces (smooth, rough, 

...)? 
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3. Measure f which is the distance between the lens and the screen. 

 

Part B : determine the focal length of a concave lens. 

1- Set up the meter bench as before and slide the screen until the bright object is 

in focus in front of a convex lens. 

2- Write down this position of the screen (ݏଵ). 

3- Place the concave lens of unknown focal length in this position. 

4- Move the screen until the image is again in focus this is shown as screen 

position (ݏଶ) 

5- Now use the lens system formula to calculate the focal length of the concave 

lens this formula is 1݂ = ଵݏ1 +  ଶݏ1
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5- Then travel the microscope until clear image have been seen. 

6- Measure microscope reading x2 

7- Putting another object at the surface of glass plate. 

8- Travel microscope until see the image. 

9- measure the distance which represent(x3) 

N=x3-x1/x3-x2 

 

DISCUSSION:- 

1- Explain the following (the thickness of wave plate effect on the refractive 

index of not)? 

2- Discuss the result? 



 

 

Experiment  No. (   ) 

Microscope 
 

 

Object: 
The purpose of this experiment is to demonstrate how a compound 

microscope functions. 

 

Apparatus: 

• Optical bench 

• 2 Lens holder 

• Screen 

• Convergent lens of short focal length 

• Convergent lens of big focal length 

• Object 

Fig.(1): Set up of experiment. 



 

Theory: 
The compound microscope is an instrument used to see objects that are 

too small for the naked eye. The compound microscope consists of two 

lenses called the objective and the eyepiece, arranged as shown in the 

figure below. 

 

 

 

The objective lens, of focal length fo  , acts as a kind of projection lens to 

create image y’ of object y which is just over one focal distance from the 

lens. The magnification of this part of the microscope is  𝑚0 = 𝐿
𝑓0

  , where 

eL f L+   is the length of the microscope tube. Then, the eyepiece (whose 

focal length is fe  ) acts like a simple magnifying lens on the image y’ to 

provide an additional magnification factor of 𝑚𝑒 =  25
𝑓𝑒

 . 

The combined magnification is therefore 

 

 𝑀 =  𝑚0 .𝑚𝑒 =  𝐿 .25
𝑓𝑜𝑓𝑒

    (1) 

 

Procedure: 
1- Arrange the set up as shown in fig.(1) 

2- Move the lenses until a clear magnified image of a pen is obtained. 

3- Measure the distance between the lenses which is L                                                                 

http://en.wikipedia.org/wiki/Laboratory_equipment�


 

4- Using equation (1) determine the magnification of the compound 

microscope. 

5- Repeat steps from 2 to 4. 

6- What`s the effect of changing L on the magnification. 

 

Discussion: 
1. Comment on your result? 

2. If you have f=+10 cm how can you design microscope? If you can`t 

why? 

 



 
 

Experiment  No. (     ) 

Spherical Mirrors 
 

 
Object: 
The object of the experiment is to find the focal length of a concave mirror, 

convex mirror. 

 

Equipment: 

• Optical bench. 

• Projector. 

• Screen. 

• Lens holders. 

• Concave mirror of different focal lengths. 

Fig.(1): experimental setup 



 

• Convex mirror. 

• Converging lens of known focal length. 

 

Theory: 
A spherical mirror is a mirror which has the shape of a piece cut out of a 

spherical surface. There are two types of spherical mirrors: concave, and 

convex. These are illustrated in Fig.(2).  

 

Fig.(2): A concave (left) and a convex (right) mirror 

Let us now introduce a few key concepts which are needed to study image 

formation by a concave spherical mirror. As illustrated in Fig.(3), the 

normal to the center of the mirror is called the principal axis. The mirror is 

assumed to be rotationally symmetric about this axis. Hence, we can 

represent a three-dimensional mirror in a two-dimensional diagram, without 

loss of generality. The point at which the principal axis touches the 

surface of the mirror is called the vertex. The point , on the principal axis, 

which is equidistant from all points on the reflecting surface of the mirror, is 

called the center of curvature. The distance along the principal axis from  



 

point to point is called the radius of curvature of the mirror, and is 

denoted . It is found experimentally that rays striking a concave mirror 

parallel to its principal axis, and not too far away from this axis, are 

reflected by the mirror such that they all pass through the same point on 

the principal axis. This point, which is lies between the center of curvature 

and the vertex, is called the focal point, or focus, of the mirror. The distance 

along the principal axis from the focus to the vertex is called the focal 

length of the mirror, and is denoted .  

 

Fig.(3): Image formation by a concave mirror. 

In our study of concave mirrors, we are going to assume that all light-rays 

which strike a mirror parallel to its principal axis (e.g., all rays emanating 

from a distant object) are brought to a focus at the same point . While in 

convex mirror rays diverge upon reflection. So when you direct a beam of 

light on a convex mirror, the mirror will allow the initially parallel rays that 

make up the beam to diverge after striking the reflective surface.as shown in 

Fiq.(4) 

 

Fig.(4): Image formation in convex mirror  



 

PROCEDURE: 
Part a: Find the focal length of concave mirror: 

1- Arrange the optical bench as shown in figure below: 

 
 

2- Move the mirror until a clear image is formed 

3- Measure the distance between the concave mirror and the screen 

 

Part b: find the focal length of a convex mirror: 

 

 
 

1- Set the pointed object at twice the focal length of the lens. 

2-  Adjust the mirror’s position until the inverted image’s position shows 

no parallax with the object. 

3- By using the configuration shown below 

2 1 2
df f= −  



           

Where: 

           𝑓1 : the focal length of convex lens. 

          𝑓2 : the focal length of convex mirror. 

     d:  the distance between the lens and a concave mirror. 

 
 

Discussion: 
1- Discuss the result of both part? Compare between each type? 

2- Compare between concave and convex mirror? 

3- Give some application of using concave and convex mirror? 

 



 

 

Experiment No. (    ) 

Newton's rings. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Object:  
Interference study and finding He-Ne wavelength by using Newton's 

rings. 

 

Equipments:- 
1. He Ne Laser. 

2. Plano- convex lens. With along focal length. 

3. Convex lens. 

Fig1: Experimental Setup 
 



 

Theory:- 
When a parallel beam of monochromatic light is incident normally on a 

combination of a Plano-convex lens L and a glass plate G, as shown in 

Fig.3, a part of each incident ray is reflected from the lower surface of the 

lens, and a part, after refraction through the air film between the lens and 

the plate, is reflected back from the plate surface. These two reflected 

rays are coherent; hence they will interfere and produce a system of 

alternate dark and bright rings with the point of contact between the lens 

and the plate as the center. These rings are known as Newton’s ring. 

For a normal incidence of monochromatic light, the path difference 

between the reflected rays (see Fig.3) is very nearly equal to 2µt where µ 

and t are the refractive index and thickness of the air-film respectively. 

The fact that the wave is reflected from air to glass surface introduces a 

phase shift of π. Therefore, for bright fringe  

2𝜇𝑡 = � 𝑛 +  
1
2

 𝜆� ;𝑛 = 0,1,2,3, … …   (1) 

and for dark fringe  

2𝜇𝑡 = 𝑛𝜆  ;𝑛 = 0,1,2,3, … ….   (2) 

 

 

  
                      

                                                           Fig. 3 

 



 

For 𝑛𝑡ℎ (bright or dark) ring (see Fig. 2), we also have: 

𝐷𝑛2

4
+ ( 𝑅 − 𝑡 )2 =  𝑅2              (3) 

Where 𝐷𝑛 = the diameter of the 𝑛𝑡ℎ ring and R = the radius of curvature 

of the lower surface of the Plano-convex lens. On neglecting 𝑡2, equation 

(3) reduces to 

𝐷𝑛2 = 8𝑡𝑅       (4) 

From equations (1) and (4), we get, 

𝐷𝑛2 = 4 � 𝑛 +
1
2

 �  
𝜆𝑅
𝜇

  ,𝑓𝑜𝑟 𝑛𝑡ℎ 𝑏𝑟𝑖𝑔ℎ𝑡 𝑟𝑖𝑛𝑔          (5) 

𝐷𝑛+𝑚2 = 4 �𝑛 + 𝑚 +
1
2
�
𝜆𝑅
𝜇

  , 𝑓𝑜𝑟 (𝑛 + 𝑚)𝑡ℎ 𝑏𝑟𝑖𝑔ℎ𝑡 𝑟𝑖𝑛𝑔      (6) 

Similarly, from equations (2) and (4), we obtain 

𝐷𝑛2 =  
4𝑛𝜆𝑅
𝜇

, 𝑓𝑜𝑟 𝑛𝑡ℎ 𝑑𝑎𝑟𝑘 𝑟𝑖𝑛𝑔      (7) 

𝐷𝑛+𝑚2 =  
4(𝑛 + 𝑚)𝜆𝑅

𝜇
 , 𝑓𝑜𝑟 (𝑛 + 𝑚)𝑡ℎ 𝑑𝑎𝑟𝑘 𝑟𝑖𝑛𝑔       (8) 

Thus for bright as well as dark rings, we obtain 

𝑅 =
𝜇(𝐷𝑛+𝑚2 − 𝐷𝑛2)

4𝑚𝜆
      (9) 

Since µ=1 for air-film, above equation gives 

 

𝑅 =
(𝐷𝑛+𝑚2 − 𝐷𝑛2)

4𝑚𝜆
      (10) 

 

Procedure:- 
1. Set the equipments as shown in fig (1) and be carful not to touch the 

lenses surfaces and optical filters. 

2. turn power on of the laser source and try to get the interference fringes 

and notice them on the screen in a clear way ). Try to put the optical  



 

center, of the interference fringes on the equidistance of the millimeter 

scale which occurs on the screen. 

3. Measure the diameter of the bright rings starting  from ring (3). And 

arrange your measurements according to the following table:- 

Notice: Inter the graph scale in the calculations. 

 

λ1 

n Dn Dn
2 

3   

4   

5   

6   

 

4. Draw the graph relation between (D2
n) and (n) then find the slope. 

5. Find the wave length (λ) of the used light which transmits from the 

laser by using the Eq (10), taking in your consideration that lens radius is 

(R= 12.141mm). 

 

Discussion:- 
1- Draw the graph relation on the paper. 

2. In equipments arraignment, the interference fringes which occur on the 

screen belong to transmitted light from the lens and the glass plate and 

not belong to the reflected light from the lens and the glass plate, so the 

bright fringes diameters must be measure (which accrue on the screen 

which depend on the following law). ((The optical path difference 

between interfere waves must be equal on even number of the wave  

(O.P.d =  nλ)It is same law for the dark rings of interference fringes  

 



 

which is resulted from the reflected light waves from the convex surface 

of the lens and glass plate surface. What is the relation between the two? 

3. Why the fringes are circled and not parallel lines? 

4. What is the graph which would equation (𝑅 = (𝐷𝑛+𝑚2 −𝐷𝑛2)
4𝑚𝜆

      ) take 

when you measure the ring radius instead of the diameter and the discuss 

the experimented mistake. 

 



 

 

Experiment No. (  ) 

Prism 
 

 
Object: 
To find the following parameters for the prism : 

1- Apex angle of the prism. 

2- Refractive index of the prism. 

 

Equipment: 

• Spectrometer 

• Prism 

• Light source 

 

 



 

Theory: 
When a beam of light is transmitted from air to glass, the ray is bent according 

to Snell's law 

nsin𝜃𝑎𝑖𝑟 = nsin𝜃𝑔𝑙𝑎𝑠𝑠       (1) 

Where the angles are measured from the surface normal (the line perpendicular 

to the surface) and n is the index of refraction of the glass. The index of 

refraction is a dimension-less number and is a measure of how strongly the 

medium bends light. The greater n is, the more the light is bent. The index of 

refraction of air is 1. For glass, n varies from 1.3 to 1.8, depending on the type 

of glass and on the wavelength of the light.  

 

 

White light is made up of all the colors of the rainbow - red, yellow, green, 

blue, and violet. Different colors correspond to different wavelengths. Human 

eyes are sensitive to light with wavelengths in the range 390 nm (violet) to 750 

nm (red)  

 

Glass has a greater index of refraction at shorter wavelengths, that is, it bends 

blue light more than red light. So a prism can be used to disperse white light 

into its component colors. 

 



 

 

In this experiment, we will use a prism spectrometer to measure the dispersion 

angle of various wavelengths.  

The device we are using is called a prism spectrometer because, once the prism 

is calibrated, it can be used to measure the wavelengths of the lines in the 

spectra produced by various atoms. The spectra contain bright lines at 

particular wavelengths, which correspond to light emitted during the transition  

between different energy states of the atoms. You see distinct lines because the 

atoms exist only in distinct, quantized energy states. Trying to explain the data 

from such experiments the existence and pattern of sharp spectral lines led to 

the development of quantum mechanics. 

When a ray of light is refracted by a prism, the angle between the incoming and 

outgoing rays is called the angle of deviation (𝛿𝑚). For a given prism and a 

given wavelength, the value of b depends on the angle between the incoming 

ray and the surface of the prism. 𝛿𝑚 is minimum when the angles of the 

incoming and outgoing rays make equal angles with the prism surfaces. In this 

special 

symmetric case, the prism's index of refraction (n) is related to 𝛿𝑚 and the apex 

angle of the prism (α) by 

𝑛 =  
sin[(𝛼 + 𝛿𝑚) 2⁄ ]

sin𝛼 2⁄
 

 

 

 

 



 

 

Procedure: 

Part (a) : measurement the apex angle of prism. 

1-  Adjust the eyepiece of the telescope until the cross hairs are in sharp focus. 

2- Place the prism on the table so that the apex angle of the prism faces the 

collimator and the parallel light from the collimator reflected from the both 

sides of the prism. 

3- Fix the prism and turn the telescope to the right until a sharp image of 

bright slit can be seen, fix the telescope. Measure the angle of such point 

which represent β 

4- Fix the prism and turn the telescope to the left until a sharp image of 

bright slit can be seen, fix the telescope. Measure the angle of such point 

which represent 𝛽` 

5- Find the apex angle of the prism from the relation  

𝛼 =  �𝛽 +  𝛽`� 2⁄  

 

Part (b) measurement the refractive index of the prism  
1- Fix the prism on the table of  the spectrometer so that the incident ray on 

one face passing through it will refract from the other face . 

2- Turn the table of the prism in specific direction and follow the image , after 

a short period you will see ( in spite of turning the table in the same 

direction), the image will stop and reverse its direction . This point of  

 



 

reversing direction represents the place at which the( minimum deviation ) 

occurs, measure it (γ) . 

3- Remove the prism and turn the telescope only until it becomes in straight 

line with the collimator , look from the telescope for the coincide of crossing 

hair with the bright slit image . Measure this angle ( 𝛾` ). 

4- Measure the angle of minimum deviation (  𝛿𝑚) from: 𝛿𝑚 =  �𝛾` −  𝛾�. 

5- Calculate the value of refractive index from the equation: 

𝑛 =  
sin[(𝛿𝑚 +  𝛼) 2⁄ ]

sin(𝛼 2⁄ )  

   

Discussion: 
1- Discuss the value of apex angle. 

 



 
Experiment No. ( 1  ) 

Refractive index of glass 
 

 
Object: 
The aim of the experiment is to study the refraction index of a glass 

 

Equipment: 

• Circular  disk 

• Trapezoidal prism 

• He-Ne laser 

 

Theory: 
refractive index, also called index of refraction,  measure of the bending 

of a ray of light when passing from one medium into another. If i is the 

angle of incidence of a ray in vacuum (angle between the incoming ray 

and the perpendicular to the surface of a medium, called the normal), and 

r is the angle of refraction (angle between the ray in the medium and the  

Fig. (1): Experimental setup 

http://www.britannica.com/EBchecked/topic/24799/angle-of-incidence�
http://www.britannica.com/EBchecked/topic/24814/angle-of-refraction�


 

normal), the refractive index n is defined as the ratio of the sine of the 

angle of incidence to the sine of the angle of refraction; i.e., n = sin i / sin 

r. Refractive index is also equal to the velocity c of light of a given 

wavelength in empty space divided by its velocity v in a substance, or n = 

c/v. 

 
 

Procedure: 
1- Align the setup as shown in fig.(1). 

2- Using the thumbtacks, fix a sheet of paper on the wooden plane and 

lay the glass block, resting on the wider faces, at the centre. 

3- Draw the outline of the glass block on a piece of paper. Two pins A 

and B determine the direction of an incident ray on a face of the glass 

block. The two pins are fixed on the working plane so that the straight 

line passing through them forms with the edge of the block a 

determined angle. 

4- Looking beyond the glass block, find the position for which the two 

pins, seen through the glass block, are aligned, then fix two  



 

other pins O and P to determine this new straight line. Verify that the two 

pins are aligned on the straight line determined by the other two. 

5- Take away the glass and draw the lines as shown in the figure and a 

circumference of any radius centred in E. 

 
6- From Snell`s  law we have that: 

HMn
LN

=  

 

Discussion: 
1- Define refractive index. 

2- Discuss your result. 

3- Did you think that the density of glass effect the refractive index of 

it? Explain.  
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Procedure: 

1- The slit is placed at a distant (L) from the laser. 

2- Adjust the screen until the interference pattern appears clear on the 

screen. 

3- Determine the distance between the single slit and screen which 

represent (D) 

4- Fix the bright central fringe (݊଴) by using a graph paper. 

5- Obtain the distance between the middle of the central fringe and the 

middle of the first fringe ( ଵܺ). Repeat that for three orders 

( ଵܺ,	ܺଶ,	ܺଷ). 

6-  Plot ݊ߣ vs sin   ߠ

7- Determine ߣ using equation (1).where θ is small angle so  sin ߠ = tan ߠ =ܺ௡ܦ  

8- Calculate the percentage error using: ݁݃ܽݐ݊݁ܿݎ݁݌	ݎ݋ݎݎ݁ = ௧௛௘௢௥௜௧௜௖௔௟ߣ − ௧௛௘௢௥௥௜௧௜௖௔௟ߣ௘௫௣௘௥௜௠௘௡௧௔௟ߣ 	× 100% 

 

Discussion: 

1- What`s the effect of changing the width of the slit on the fringes? 

2- What`s the effect of changing the position of the single slit on the 

fringes? 

3- How much the percentage error and what is the reason caused this 

error. 
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 In the first case (Fig. 1), thanks to the special symmetry of the 

system, the refracted rays come out from the prism with an angle 
(with respect to the face perpendicular) equal to the first incidence 
angle. In particular, if the incident rays are parallel to the face on 
which the total reflection happens, the rays that come out maintain 
the original direction. 

 In the second case (Amici’s prism) no deviation appears on the two 
equal faces of the prism and the rays are bent only on the third 
face, by which they are totally reflected. The beam comes out bent 
90° from the original direction (Fig. 2). 

 In the third case (Porro’s prism) the rays enter and exit 
perpendicularly to the hypotenuse of the prism, while they are bent 
twice, for total reflection, on the other faces. The beam that comes 
out maintains the original direction, but its direction of propagation 
results will be reversed (Fig. 3) 

 
 
Discussion: 
 

1- Comment on your result? 
2- Discuss each case of your procedure? 
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