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 UNIT 1                            ELECTROSTATICS

VERY SHORT ANSWERS QUESTIONS               (1 MARKS)

Q1- The force acting between two point charges q1 and q2 are kept at some distance apart in air is attractive or repulsive when 

       (1) q 1q 2>0

       (2) q 1q 2<0

Ans-(1) Repulsive

        (2) Attractive

Q2- The electric field lines never cross each other, why?

Q3- Name four basic Properties of electric charge.

Q4- What is the angle b/w the directions of electric field at any 

1. Axial point 

2. Equatorial point due to an electric diapole

(Hint:- 180˚)
Q5- Draw an equipotential surface in a uniform electric field.

Q6-What should be the work done if a point charges +q is taken from a point A to the point B on the circumference drawn with another point +q at the centre? 

Q7-What is an equipotential surface? Can two such surfaces intersect?

Q8- Name the dielectric whose molecules have (i) non-zero and (ii) zero dipole moment.    (Ans:- (i) water  (ii) diamond (or silicon)

Q9- Sketch graph to show how charge Q given to a capacitor of capacitance C varies with the potential difference.

Q10-Find the direction of electric dipole placed in a electric field to be in 

i. Stable equilibrium 

ii. Unstable equilibrium  

Q11- What do you understand by the quantization of charge?

Q12-An electric dipole of dipole moment 10x10ˉ6 C is enclosed by a close  surface. What is the net electric flux coming out of this surface?

            (Hint:Total electric flux=1/Єo x net charge enclosed charge =0)

Q13-A Proton and an electron placed freely in an electric field. Which of the particles will have greater acceleration and Why?    (Hint:- eE=ma)

Q14-If the radius of Gaussian surface enclosing a charge is half.How does the electric flux through the Gaussian surface change ?

Q15-Find the electric field b/w two metal plates 3mm apart connected to a 12V battery. 

Q.16- What happens to the capacity of a capacitor if the potential difference b/w   

           its plates is doubled?

Q.17.- Electric field intensity is 400Vm-1 at a distance of 2 m from a point charge.    

           At what distance it will become 100 Vm-1? 

SHORT ANSWER TYPE                       (2or3 marks)
Q1-Draw the electric field lines due to a uniformly charge thin spherical shell when charge on the shell is 

(1) positive

(2) negative

Q2-What is equipotential surface? Show that electric field is always directed perpendicular to equipotential surface?
Q3- Charge of 2C is placed at the centre of a cube of volume 8 cm3. What is the electric flux passing through one face? (Hint:- 1/6 of total flux)

Q4- The force of attraction b/w two point charges placed at a distance ‘d’ apart in a medium is F. What should be the distance apart in the same medium so that force of attraction b/w them becomes F/4.

Q5- If an electrician has three capacitors of capacitances 4µF, 7µF& 12µF. How should he connect them, So that the effective capacitance will be 10µF? 

Q6-A point charge q is placed at O as shown in figure.Is Vp-Vq positive or negative when 

       (1)q>0

       (2)q<0,justify your answer
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Q7-Derive an expression for torque on an electric dipole when it is placed in uniform electric field.

Q8- Two Charge conducting spheres of radii a and b are connected to each other by a conducting wire. What is the ratio of (i) charges on the spheres and      (ii) electric fields at the surfaces of the two spheres?

Q9- Use Gauss theorem to find Electric field intensity at a point outside the uniformly charged thin spherical shell?

Q10-Two point charges qA=+3µC  and qB=-3µC are located at a point A and B 20 cm apart in vaccum

       (1)Find the electric field at the mid of line AB joining the two charges.

       (2)If a negative test charge of magnitude 1.5x10-9 C is placed at the centre ,find the force experienced by the test charge ?

Q11-  A regular hexagon of side 10 cm as a charge +5µC at each of the vertices. Calculate the potential at the centre of the hexagon?

Q12-A point charge of 2µC is at a centre of the cubical Gaussian surface 9cm on edge .What is the net electric flux through the surface?

Q13-Two point charges of +3x10-19C and 12x10 -19Care separated by a distance 2.5m.find the point on the line joining the at which the electric field intensity is zero.

Q14-In the given figure calculate the equivalent capacitance between the points X and Y.[image: image3.png]L —
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Q15-A positive point charge (+q) is kept in the vicinity of an uncharged conducting plate. Sketch electric field lines originating from the point on to the surface of the plate. Derive the expression for the electric field at the surface of a charged conductor.   

Q16-A parallel plate capacitor is charged by a battery. After some time the battery is disconnected and a dielectric slab of dielectric constant K is inserted b/w the plates. How would (i) the capacitance (ii) the electric field b/w the plates and (iii) the energy stored in the capacitor, be affected? Justify your answer. 

Q17-Calculate the effective capacitance between A and B.
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Q18- Show that the electric field at the surface of a charged conductor is given 

by [image: image6.png]E =Zn"



, where [image: image8.png]


 is the surface charge density and n[image: image10.png]


 is a unit vector normal to the surface in the outward direction.

Q.19- A spherical conducting shell of inner r1 and outer radius r2 has a charge ‘Q’.A charge ‘q’ is placed  at the centre of the shell.

a. What is the surface charge density on the (i) Ineer surface, (ii) Outer surface of the shell?

b. Write the expression for the electric feld at a point x>r2 from the centre of the shell.  

Q.20- The sum of two point charges is 7µC. They repel each other with a force of 1N when kept 30cm apart in free space. Calculate the value of each charge.

LONG ANSWER QUESTIONS   (5MARKS)

Q1- Explain the principle on which Van de graff generator operates.draw a label systematic sketch and write briefly its working.

Q2-Briefly explain the principle of a capacitor.Derive an expression for the capacitance of a parallel plate capacitor,whose plates are separated by a dielectric medium.

Q3-Find the expression for equivalent capacitance of three capacitors when connected in 

      (1)series

      (2)Parallel

Q4-State the energy stored in a parallel plate capacitor is 1/2CV2.hence derive an expression for the energy density of a capacitor.

Q5-(a)Define electric flux.Write its SI unit.

      (b)The electric field components due to the charge inside the cube of side 0.1m are as shown
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                  Ex=αx , where α=500N/c-m

                  Ey=0,Ez=0

Calculate 

(i)Flux throught the cube

(ii)Charge inside the cube.
UNIT -2

CURRENT ELECTRICITY
Very short answer questions
One mark questions with answers 
Q1. How is a conductor electrically different from an insulator?

Ans1. Number of free electrons per unit volume in conductors is much more than that in insulators. In conductors number of free electrons per meter cube is of the order of 1028 and in insulators it is 106 to 108.

Q2. If potential gradient along the wire of potentiometer is decreased, does it increase accuracy or decrease it?

Ans2. According to the principle of potentiometer emf, E = potential gradient x balancing length. If potential gradient is decreased the balancing length will decrease and the accuracy will increase.

Q3. What is relaxation time? How does it depend upon the temperature?

Ans3. The time taken by a free electron between two successive collisions in a conductor is called relaxation time. It decreases with the increase in temperature.

Q4. What is drift speed of free electrons in a conductor? How does it depend upon the temperature?

Ans4. Average speed of free electrons in a current carrying conductor is called drift speed. It decreases with the increase in temperature.

Q5. Does the average velocity of a single electron represent the drift velocity of free electrons in a conductor?

Ans5. No, the average velocity of all the free electrons in the conductor is equal to the drift velocity of the free electrons.

Q6. Write the fundamental unit of resistance.

Ans6. kg-m2-sec-3-amp-2.

Q7. What is surface current density? Is it a vector quantity?

Ans7. The current per unit area of cross-section of a conductor is called surface current density. It is a vector quantity.

Q8. Write a relation connecting resistivity of semi-conductors with absolute temperature and show that at absolute zero their resistivity becomes infinite.

Ans8.  = oeEg/kT, where 'Eg' is energy gap between conduction band and valence band.
If T= 0K, then
 =  i.e. at absolute zero semi-conductors behave as perfect insulators.
Q9. Why does the resistance of carbon change with the increase in temperature?

Ans9. Resistance of carbon decreases with increase in temperature because Carbon is a semi-conductor.
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Two mark questions with answers
Q1. How does the drift speed of free electrons depend upon the (a) Area of cross-section and (b) Length of the conductor when potential difference applied across the conductor is constant?

Ans1. Current, I = nAevd, where n = number of free electrons per unit volume, A = area of cross-section of the conductor, e = charge on electron, vd = drift speed of free electrons.
Potential difference, V = I x R = nAevd x  x l/A = nevd x  x l.
So drift speed is not dependent on area of cross-section but is inversely proportional to the length of the conductor.
Drift speed does not depend upon the area of cross-section and it is inversely proportional to the length of the conductor.

Q2. What is the cause of resistance in a conductor?

Ans2. In current carrying conductors, the free electrons collide with the ions and atoms of the conductor so the motion of the free electrons is opposed as a result of collisions. However, the free electrons travel in straight line paths between two collisions. This is the basic cause of resistance in a conductor.

Q3. Why are alloys used for making standard resistance coils?

Ans3. The temperature coefficient of resistance of alloys is much less than that of metals so the increase in the resistance of alloys with the temperature is negligible hence the resistance remains almost constant.

Q4. How does the resistance of an insulator change with temperature?

Ans4. In insulators the number of free electrons per unit volume increases exponentially with the rise in temperature according to the relation, 
n = noe-(Eg/kT), where 'Eg' is the energy gap between conduction and valence band, 'T' is the absolute temperature.
Hence, electrical conductivity will increase exponentially according to the relation
 = oe-(Eg/kT)
So, the resistance of insulator decreases with increase in temperature according to the relation
R = Roe+Eg/kT.

Q5. If a conducting wire is stretched to make it 0.3% longer, what is the percentage change in its resistance?

Ans5. When a wire is stretched, its volume remains unchanged.
R =  (L/S) with L x S = volume = V = constant.
So that R = [L2/V]   [as S = V/L]
And hence fractional change is resistance with change in length [Provided (L/L) is small say < 10%] when its volume remains constant
R/R = 2L/L = 2(0.3%) = 0.6%.

Q6. Three wires of same material are connected in parallel with a battery. The ratio of their lengths is 2:3:6 and masses is 3:6:8. Find the ratio of the current in each branch of the circuit.

Ans6. The resistance of a wire, R =  x L/A =  x L2 x d/m, where L is a length of the wire, r is the resistivity of the material, d is the density, m is mass of the wire and A is the area of cross-section of the wire.
So, resistance is directly proportional to L2/m. In parallel branches the potential difference is same across each wire hence the current ratio in three wires will be I1:I2:I3 = (3/4):(6/9):(64/36) = 27:24:64.
Q7. Lay people have the notion that a person touching a high powerline gets 'stuck' to the line. Is this true? If not, what is the fact?

Ans7. No, it is not true the fact is that a person touching a high power line gets inactiveness of his nervous system and so he is unable to remove his hand off the live wire and gets stuck to the line.



Three mark questions with answers
Q1. There are three conductors of same material connected in series. Their length ratio is 1 : 3 : 5 and area of cross-section ratio is 3 : 5 : 7, what is the ratio of drift sped of free electrons in the conductors?

Ans1. Drift speed of free electrons is related to current and area of cross-section as below: 
I = neAvd
When conductors are in series then the current through each is same irrespective of their different lengths and area of cross-section.
So, vd is inversely proportional to area of cross-section.
Hence, ratio of drift speed of free electrons is in the ratio of 1/3  : 1/5  : 1/7 or 35 : 21 : 15.

Q2. The figure below shows a potentiometer circuit for comparison of two resistances. The balance point with the standard resistance R = 12 ohms is found to be 65.3 cm, while that with the unknown resistance X is 73.8 cm. Determine the value of X. What would you do if you failed to find a balance point with the given cell E?
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Ans2. Let the potential drop across R and X be E1 and E2.
So, E1 R and E2  X
Hence, E1/E2 = R/X
Also, E1/E2 = l1/l2, where l1 = 65.3 cm, l2 = 73.8 cm
Thus, R/X = l1/l2
or X = Rl2/l1 = (12 x 73.8)/65.3 = 13.56 ohm
If we fail to find the balance point with the given cell E, it means that the potential drop across R and X is greater than the potential drop across the potentiometer wire. To obtain the balance point, the potential drop across R and X are reduced by connecting a suitable series resistor with the cell E.

Q3. Establish the relation V = IR using the expression of drift speed.

Ans3. Try your self.

Q4. What is potential gradient? How is it related to the resistivity of the conductor?

Ans4. The potential difference per unit length of the given wire or conductor is called potential gradient. It is given as
K = V/l = i.R/l
= i.ρl/A.l = iρ/A.=j.ρ
where 'j' is the current density and 'ρ' is the resistivity.

Q5. Two identical cells of e.m.f 2.0 V each joined in parallel provide supply to an external circuit consisting of two resistors of 12 ohm each joined in parallel. A very high resistance voltmeter reads the terminal voltage of cells to be 1.6 V. What is the internal resistance of each cell.

Ans5. E.M.F of each cell, E = 2.0 V
Terminal voltage of cell, V = 1.6 V
Let r' be the internal resistance of each cell. As the two cells are connected in parallel, so the total internal resistance say 'r' of the cells is given by
r = (r'/2)
Total external resistance R is given by
Because two resistors of 12 ohms each are connected in parallel,
R = (12/2) = 6 ohm
Using equation for internal resistance
r = [(E - V)/V]R
We have, r = [(2.0 - 1.6)/1.6]6 = (0.4/1.6)6 ohm = (6/4) ohms
So, internal resistance of each cell,
r' = 2r = (6 x 2)/4 = (12/4) = 3 ohm

Q6. Draw a circuit diagram to determine the potential gradient with the help of potentiometer and obtain the required expression.

Ans6. To determine the potential gradient of the wire of potentiometer, the circuit is made as shown in the figure.
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For certain value of resistance (R) from resistance box the current in ammeter is noted. If R' be the resistance of potentiometer wire then the total resistance = (R + R') and i =E/(R + R').
Thus, the potential gradient V/l =iR'/l = E/(R + R')](R'/l) where E= e.m.f of the battery and R'/l is resistance per unit length of the wire.

Q7. Establish a relation between electric field intensity and electrical conductance of the conductor and plot a graph between them.

Ans7. Conductance is defined as the reciprocal of resistance
K= 1/R = A/ρl. But specific resistance, ρ= E/j, where 'j' is current density of the conductor.
Thus,K = A/(El/j) or K =A.j/E.l              [image: image15.png]




Five mark questions with answers
Q1. Two cells of e.m.f E and E2 and internal resistance r1 and r2 are connected in parallel with each other across an external resistance R. Find the equivalent e.m.f of the combination.

Ans1. Let two cells be connected in parallel as shown in the circuit diagram. The distribution of current according to kirchhoff's first rule, is shown in figure.
Now according to Kirchoff's loop rule for closed loop ABEFA
(E1 - E2) = (I1r1 - I2r2)          ………(1)
For closed loop BCDEB,
E2 = (I1 + I2)R + I2 r2. ………(2)
Solving the equation (1) and (2), we get
I1 = [(E1 - E2)R + E1r2]/[r1r2 + (r1 + r2)R]
and I2 = [-(E1 - E2)R + E2r1]/[r1r2 + (r1 + r2)R]
But I = I1 + I2
= [(E1 - E2)R + E1r2 - (E1 - E2)R + E2r1]/[r1r2 + (r1 + r2)R]
= (E1r2 + E2r1)/[r1r2 + (r1 + r2)R]........................(3)
If E and r be the equivalent e.m.f and internal resistance respectively, then
I = E/(r + R)........(4)
compare equation (3)and (4)
E = r1r2/(r1 + r2)[E1/r2 + E2/r2]

Q2. Two cells of e.m.f 1.5 and 2 volts and internal resistance 2 and 1 ohm respectively have their negative terminals joined by a wire of 6 ohm and positive terminal by a wire of 4 ohms resistance. A third wire of resistance 8 ohms connects the mid points of these two wires, Find the potential difference at the end of third wire. 

Ans2. 
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This circuit  diagram is as shown in figure. Let I1 and I2 be current given out by each cell.
Applying Kirchoff's second law to closed mesh PQRS we have,
I1. 2 + I1. 2 + (I1 + I2)8 + 3I1 = 1.5
or 15 I1 + 8 I2 = 1.5 ........(1)
Applying kirchhoff's law to closed mesh RSNMR, we have
8(I1 + I2) + 3I2 + 1. I2 + 2I2 = 2
or 8I1 + 14I2 = 2
or 4I1 + 7I2 = 1.................(2)
Multiplying (i)  by 7 and (ii) by 8, we have
105I1 + 56I2 = 10.5
32I1 + 56I2 = 8
Susbstracting 73I1 = 2.5
So, I1  = 2.5/73 = 5/146 amp.
Putting this value of I1 in (ii)
4 x 5/146 + 7I2 = 1
or 7I2 = 1 - 20/146 = 126/146
I2 = (126/146)/7 = 18/146 amp.
Thus, current through 8 ohms resistance
= I1 + I2 = 5/146 + 18/146
= 23/146 amp.
which is required value of current.
Also P.D across 8 ohms wire
= current x resistance
= (23/146) x 8 = 184/146 volts
= 1.26 volts

Q3. A metal ball of radius R1 is surrounded by a thin concentric metal shell of radius R2. The space between these two is filled up with a poorly conducting homogeneous medium of resistivity ρ. Find the resistance of the interelectrode gap. What is the result if R2 is earthed ?

Ans. (Try yourself).

Q4. What is the principal of potentiometer? Explain with diagram. How can you increase the accuracy and sensitivity of potentiometer?

Ans. (Try yourself).
Q5. What do you mean by internal resistance of a cell? How will your measure it with the help of a potentiometer?
Ans. (Try yourself).
Q6. What is the difference between E.M.F and Terminal potential difference of a cell? Explain with the help diagram taking some arbitrary values of internal resistance, e.m.f and external resistance. Draw a diagram in which the terminal potential difference of a cell is more than its e.m.f?

Ans. (Try yourself).

Q7. Define resistivity and electrical conductivity of a substance. Write their units. Derive a relation between electric resistance of a wire and resistivity of its material. How do these quantities for a conductor, insulator and semi-conductor depend upon temperature?

Ans. (Try yourself).
UNIT-3
MAGNETIC EFFECTS OFCURRENT &MAGNETISM    
SYLLABUS: Concepts of magnetic field.Biot-savart law and its applications to current carrying circular loop.

AMPERE’S CIRCUITAL LAW and its applications to infinitely long straight wire,Straight and torroidal solenoid.

FORCE ON MOVING CHARGE in uniform magnetic field and electric field,cyclotron.

FORCE on current carrying conductor in uniform magnetic field,force between two parallel current carrying conductor-definition of ampere’s.

TORQUE experience by current carrying rectangular coil in uniform magnetic field, moving coil galvanometer and its current, voltage sensitivity,

Its conversion into ammeter, voltmeter.

CURRENT loop as magnetic dipole, its magnetic dipole moment of revolving electron. Magnetic field intensity due to magnetic dipole due to magnetic dipole(bar magnet) along its axis and perpendicular to its axis.

Torque on magnetic dipole (bar magnet) in a uniform magnetic field.

Bar magnet as equivalent solenoid.

MAGNETIC field lines, earth magnetic field and magnetic elements,Dia,Para ,ferromagnetic substance with examples. Electromagnets and its factors affecting their strength, permanent magnets.

 CONCEPT OF MAGNETIC FIELD:- Current carrying conductor has a magnetic field all around it, a magnetic needle placed near conductor suffers a deflection because of it.

RULES FOR DIRECTION OF MAGNETIC LINES OF FORCE:- 

1). Right hand thumb rule- Suppose conducting wire has to be hold in your 

Right hand, thumb will represent current and turning of fingers will represent the direction of magnetic field.

2). Right hand palm rule- Current will express by thumb, fingers represent the direction of point then direction of palm will represent the direction of magnetic field.

3). BIOT-SAVART LAW:-

   i). Scalar form   dB = (μo ⁄ 4π)  Idl sinθ ⁄ r2 

ii). Vector form- dB = (μo ⁄ 4π)  I ( dl × r ⁄ r3)

iii).Application of magnetic field due to straight current carrying conductor-

      a). of finite length B = (μo ⁄ 4π) (I ⁄ r)( sin ø1+ sinø2 )

      b). of finite length B= (μo ⁄ 4π) (2I ⁄ r) [ ø1 = ø2 =π ⁄ 2]

iv). At the center of circular coil B= μo ⁄ 4π) (2n πI ⁄ r)

4). Magnetic field on the axis of circular coil   

     i). Distance  x from the centre   B= (μo ⁄ 4π)  (2πIa2 n/ ( x2 + a2 )3/2)

       ii). At the centre B= (μo ⁄ 4π)  (2πI n/ a)

   iii). Direction of B is perpendicular to the plane formed by dl ×   r  .

5). Ampere’s circuital law- It states that line integral of magnetic field along any closed circuit is equal to μo  times the total current flowing through the closed circuit. 

∫0a   B. dl = μo I

6). Magnetic field due to infinite current carrying conductor                            

 B=  (μo ⁄ 4π)  (2I / r)

7). Magnetic field due to current carrying solenoid B= μo In ( inside)

      Outside = negligible , at the end = (1/2) μo nI    

8). Units of B-

        In MKS : Tesla (T)

                        Webber/ m2 ( Wb/ m2)
            In CGS    Gauss( G)

             1T = 104 G

9). Motion of charge particle in uniform magnetic and electric field:-

     i). In Electric field it moves along a parabolic path

             y=qVx2/2mdv2 
    ii). In magnetic field it experiences a lorentz force F

                   F =  q (  v ×  B )

                  F = qvBsin θ

  iii). Force due to Electric field  F= q E . 

  iv). Total lorentz force F= qE + q(v× B)

10). Cyclotron 

     i). It is used to accelerate charge particle to high energies.

    ii). It uses both electric and magnetic field.

    iii). Radius r = mv/ qB

    iv). Frequency ѵ = qB/ 2πm

    v). Time Period = 2πm/ qB

 vi).Velocity = qBr/ m

 vii). Max. Kinetic energy = (q2B2r2/2m)

11). Force on current carrying conductor in uniform magnetic field

             F= IBl sinθ 

              F=( I l ×   B)

        Its direction can be determined by Fleming’s Left hand rule.

12). Force between two parallel current carrying conductor 

   F/l = (μo ⁄ 4π)   ( 2 I1I2//r)

       i). if current is flowing in same direction- attraction

      ii). If current is flowing in opposite direction- repulsion.

 The ampere of current is defined as current when it is flowing into  2 current carrying conductors in free space separated by unit length will attract or repel each other with force of 2 × 10-7   N/m.

13). Torque on current loop- when a rectangular coil of current I is placed in uniform  magnetic field B experience torque 

                   τ = NIAB sinθ

                  τ = M  × B         where M = NIA

       θ= 90 ,  τ = NIAB : max.

       θ = 0    τ = 0 : minimum 

14). Moving coil Galvanometer:- It is a device used to detect electric current. It is based on principle torque experience by coil in magnetic field.

       NIAB = k θ

      I= (k/ NAB) θ

    I = G Ө     where G = galvanometer constant 

 Current Sensitivity : Is = (NAB)/k

 Voltage sensitivity : V = (NAB)/ kR

 Conversion into ammeter  S= (Ig/ / I - Ig )

Conversion into Voltmeter R = (V/ Ig ) – G 

15). Magnet- A material which has property of attracting other matter called magnet.

      It attracts opposite pole and repel same pole.

   Around a magnet, there is a magnetic field, lines are known as magnetic lines of force.

 Uniform Magnetic Field :-  Its  strength is same everywhere 

Non  Uniform Magnetic Field :- Its strength is different at different points.

16). Magnetic Elements:- 

     i). Declination(θ)

    ii). Dip or inclination (δ)

   iii). Horizontal component of Earth’s magnetic field BH = B cos δ ,                                                                      
           Bv =B sin δ .

17). Properties of magnetic  Materials:-

    i). Intensity of Magnetisation I= M/V

   ii). Magnetic Induction (B) i.e. no. of magnetic lines of force with unit area at that point whose field is perpendicular to direction of lines of force.

 iii). Permeability (μ) – Ratio of magnetic Induction  to strength of magnetic field.

iv). Susceptibility(χ)= I/H

 v). Magnetic substance- on the basis of magnetic properties materials have been divided into 3categories: Dia , Para, Ferro.Ferro’s properties are more stronger than Para.

                        MAGNETIC FIELD DUE TO CURRENT

1.
Which physical quantity as unit wb/m2.  ?

2.
A conductor carrying current is placed somewhere, what is the magnitude and direction of magnetic field due to small part of a conductor at a point?
3.
What is the direction of magnetic field at a  point i). above ii). Below of current carrying conductor due to south along a power line.
4.
Draw a magnetic field lines for a current carrying  loop.
5.
Where is the magnetic field due to current through circular loop?
6.
Two small identical circular loop carrying equal current are placed with geometrical axis perpendicular to each other . find the magnitude and direction of net magnetic field at point o.
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7). How will the magnetic field Intensity at the centre of circular coil carrying current changes if current through coil is doubled and radius of coil is halved?

                             [image: image18.png]— =
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8).  A solenoid  coil of 300 turns per metre is carrying current of 5 A the length of solenoid  is 0.5 m. radius is 1 cm. Find magnitude of magnetic field inside the solenoid?

9). Find magnetic field at the center of square.

10). Apply Biot- savart law, derive an expression for magnetic field at the centre of current carrying circular coil, at a point due to current carrying circular loop on its axis.

ANSWERS

1.
Magnetic field B.

2.
dB= (μo ⁄ 4π)   (I/ r3 )(dl × r), direction by right hand rule.

3.
By right  hand rule i). towards west above wire . ii). East n below  wire.

4.
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centre.

5.
| B1|  = | B2| =μo IR2 / 2(x2 + a2 )3/2 

6.
B = (μo ⁄ 4π)  (2πI n/ R), I (doubled ), R (halved),  B’ = 4B

7.
 B = 1.9 × 10  -3 T
8.
 B= 4B1 = 4 × 10 -7  × ( 10/5 × 10 -2  ) × ( 2 /  2 ½)
                             FORCE  ON  MOVING CHARGE  
1.
What is Lorentz force?

2.
In uniform magnetic field B an electron beam enters with velocity  v . Write the expression for force acting on electrons?

3.
No force is exerted by stationary charge when placed in magnetic field . why?

4.
What will be the force on a moving charge moving along a direction of magnetic field?

5.
What will be the path of  charged particle moving 

i). along magnetic field.

ii). Perpendicular to magnetic field.

iii). At any angle θ to it.

6.
An electron passes through a region of crossed B and E. For what value of electron speed , the beam will remain undeflected.
7.
An electron and proton have equal momenta enters a unifrorm magnetic field at right angles to field lines . What will be ratio of their trajectories.

8.
Obtain an  expression for frequency of revolution of charge particle moving in a uniform  transverse magnetic field.How does time period of circulating ions in a cyclotron depends on i). speed,ii). Radius.

9.
What is the radius of path of electron moving at aspeed  3 × 107  m/s in a magnetic field B = 6 × 10 -4 T perpendicular to it. What is its frequency and energy in keV.?
                     Some Questions For Exercise

10.
The Force F experienced by a particle of charge q moving with a velocity v In magnetic field B is given by F=q(v X B). Which Pairs of vectors are always at right angles to each other?

11.
What is the nature of the magnetic field in a moving coil galvanometer?

12.
What will be the path of a charged particle moving perpendicular to a uniform magnetic field?

13.
A charged particle is moving on a circular path of radius R in a uniform magnetic field under the Lorentz force F. How much work is done by the force in one round? Is the momentum of the particle changing?

14.
Why is a Voltmeter connected in parallel in the circuit?

15.
Uniform electric and magnetic fields are produced pointing in the same direction. An electron is projected in the direction of the fields. What will be the effect on its Kinetic Energy by the two fields?

16.
How will the magnetic field intensity at the center of a circular coil carrying a current change, if the current through the coil is doubled and the radius of the coil is halved?

17.
An electron beam projected along + X-axis, experience a force due to a magnetic field along the +Y-axis. What is the direction of the magnetic field?

18.
Derive a mathematical expression for the force acting on a current carrying circular conductor kept in a magnetic field. State the rule used to determine the direction of this force?

19.
A stream of electrons traveling with speed ’v’ m/s at right angles to a uniform electric field ‘E’, is deflected in a circular path of radius ’r’. Prove that : e/m = v2/rE.

20.
In the circuit shown below, the current is to be determined. What should be the value of current if the ammeter shown :

(i)is a galvanometer with a resistance Rg = 60.00 Ώ
(ii)is a galvanometer described in (i) but converted into an ammeter by using a shunt resistance rs = 0.02 Ώ.

(iii)is an ideal ammeter having zero resistance?
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21.
Which direction would a compass point to if located right on the geometrical north or south pole?
22.
What happens when a diamagnetic substance is placed in a varying magnetic field?

23.
Torque τ1 and τ2are required for a magnetic needle to remain perpendicular to the magnetic fields at two different places. What is the raito of the magnetic fields at those places?

24.
Distinguish between diamagnetic and ferromagnetic materials in respect of their (i) intensity of magnetization (ii) behaviour in a non-uniform magnetic field and (iii) susceptibility.

25.
Figure (a) shows the variation of intensity of magnetization vs the applied the applied magnetic field intensity, H, for two magnetic materials A& B. (i) Identify the materials A & B (ii) Why does the material B, has a larger susceptibility than A, for a given field at constant temp.?
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26.
Figure (b) shows the variation of intensity of magnetization vs the applied magnetic field intensity, H, for two magnetic materials A & B: (i) Identify the materials A & B (ii) Draw the variation of susceptibility with temp. for B.
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  Answers :

1.
F = q( v × B)

2.
F = - e (v × B)

3.
stationary charge particle does not produce magnetic field , so F= 0

4.
 Ө = 0   F = 0 

5.
i). straight line . ii). Circular path  iii). Helical path.

6.
qE  =  qvB  so  v =E/B

7.
r= mv/ qB.  re : rp  = 1:1

8.
T= 2 π m /qB,   ט = qB/ 2 π m

9.
r= 26 cm, ט= 2 MHz,  E=  2.5 keV

            BAR MAGNET AND EARTH MAGNETISM
1. WHERE ON EARTH SURFACE ANGLE OF DIP MAXIMUM ?

2. DOES  A BAR MAGNET EXPERIENCE ANY TORQUE DUE TO OWN FIELD ?

3. TWO MAGNETIC COMPONENT OF EARTH MAGNETIC FIELD AT PLACE IS √3 TIMES THE HORIZONTAL COMPONENT WHAT IS THE ANGLE OF DIPTH AT THIS PLACE? 

4. HOW DOES (1) POLE STRENGTH AND MAGNETIC MOVEMENT OF EACH PART OF A BAR MAGNET CHANGES IF IT IS CUT INTO 2 EQUAL PARTS ALONG ITS  LENGTH?

5. NAME THE ELEMENT OR PARAMETERS OF EARTH MAGNETIC FIELD

6. HOW DOES ANGLE OF DIPVARY FROM EQUATOR TO POLE ?

7. HOW IS RELATIVE PERMEABILITY OF A MATERIAL RELATED TO ITS SUSPECTIBILITY?

8. WHY DO MAGNETIC LINES OF FORCE PREFER TO PASS THROUGH FERROMAGNETIC SUBSTANCE?

9. A BAR MAGNET IS PLACED IN UNIFORM MAGNETIC FIELD WITH A MAGNETIC MOVEMENT  MAKING AN ANGLE  θ  WITH FIELD WRITE AN EXPRESSION OF TORQUE AND POTENTIAL DIFFERENCE?

10. A MAGNETISED NIDDLE OF MAGNETIC MOVEMENT 4.8X10-2  JT IS PLACED AT 30 DEGREE WITH DIRECTION OF MAGNETIC FIELD 3X10-2  TESLA.WHAT TORQUE WILL ACT ON THE NIDDLE ?

  HINTS

ANS1. AT POLES
ANS2. NO.

ANS 3. ANGLE OF DIP=tan60 0
ANS 4. (1)POLE STRENGTH AND MAGNETIC MOVEMENT BECOME HALF.

ANS 5. (1)DECLINATION

               (2)DIP

                 (3)HORIZONTAL COMPONENT

ANS 6. INCREASES FROM 0 o TO 90 o
ANS  8. BECAUSE MAGNETIC PERMEABILITY IS MUCH GREATER THAN THAT OF AIR

ANS 10. TORQUE=MB SIN θ
        TORQUE ON CURRENT CARRYING LOOP

1.write expression for magnitude of torque acting on current carrying coil in uniform magnetic field ?

2. under what condition will a current carrying loop not rotate in magnetic field.

3. does the torque on planer current loop in magnetic field change when its shape is changed ?

4. state principle of moving coil galvano meter and nature?

5. Give factors by which voltage sensitivity and current sensitivity of moving coil galvano meter  change?

6. if current sensitivity of galvano meter increased by 20% its resistance increases by 1.5  times how will voltage sensitivity effected?

7.How moving coil galvanometer  Change into ammeter and voltmeter?

8 A galvanometer has resistance 30 ohm give full scale deflection for 2A current how much and in what way resistance has been connected to convert it into ammeter of range o-.3A.

9. . A circular coil of radius 10 cm is placed of 0.10t normal to plane of coil .if current in the coil is 5A FIND torque and force on coil ?

10. Derive an exp. For torque experience by rectangular coil in uniform magnetic field.

Ans.

1.
BINA Sinθ
2.
perpendicular with magnetic field

3.
no

4.
radial magnetic field

5.
increase n decrease k

6. I = nab/r  I’= 1.2 I

7.in ammeter using shunt in parallel and in voltmeter

            by load resistance in series
8.
0.2ohm and  r= 70 ohm

9.
Binasinθ=0  θ=0

10. . torque = mbsinθ
UNIT -4
Electromagnetic Induction & Alternating Current

Syllabus:  Electromagnetic Induction, Faraday’s law of EMI, induced EMF and current,

                  Eddy Current and its application , self and mutual inductance.


It is a phenomenon of producing by changing of magnetic flux linked with the coil is known as Electromagnetic Induction.


Flux:   ǿ = B  .  A  =B A cos Ѳ
S.I unit =Weber (Wb)

CGS unit = Maxwell

1Wb = 104 Maxwell


Faraday’s Law of EMI-

1. ) whenever there is a change in magnetic flux linked with circuit changes and induced EMF is produced.

2.) Rate of change of magnetic flux is directly proportional to produced induced EMF.

... e = -  dǿ
              dt

... I =   e        = -N    . dǿ
           R             R       dt


Lenz Law: It states that the direction of induced EMF is such that it tends to oppose the changes which produce it.


Motional EMF: when conductor of length ( L ) in a magnetic field  B  with velocity v , induced EMF

e = B v L

when conductor (rod) of length l , disc of radius R , move in magnetic field B , with velocity v , then 

e = B v L  = ½ ωBL2
        2 


Eddy Current: it is also induced current , induced in the body of conductor due to changing of magnetic field .

Uses : Induction furnace , induction brakes, speedometer  , dead beat galvanometer 


Self Induction: it is a property by virtue of which coil opposes the changes in the current through it by inducing EMF in it .

...  ǿ= L I     ; L is coeff. Of self induction (S.I Unit = Henry(H) )

e = - L dI

           dt

L =  µ0 N2 A          ( Solenoid )

           L

Energy = ½ LI2

Mutual Induction : It is the phenomenon of producing EMF in the coil due to varying current in the neighboring coil 

Ф = M I

e = -M dI

            dt

M = µ0  A N1 N2
                L

VERY SHORT ANSWERS QUESTIONS (1 MARKS)

1.)
What is magnetic flux ? Write its S.I Unit.

2.)
What is the relation between Gauss and Tesla ?

3.)
A wire is kept in eastward direction is allowed to fall freely, will an EMF induced in the wire ?

4.)
Aglass rod of length L moves with a velocity u in uniform magnetic field, what is the induced EMF in rod?

5.)
Electric Current in awire in direction B to A is                                        

(i)
Decreasing

(ii)
Increasing   

                                                                                         A                    B

                What is the direction of the induced EMF?  

6.)
A wire loop confined in a plane is rotated in its own plane with some angular velocity in uniform field. Find induced EMF?

7.)
 State Faraday’s Law of Electromagnetic Induction.

8.)
What are Eddy Currents?

9.)
State lenzs law.Show that it is in accordance with law of conservation of energy.

10.)
Prove that induced charge is independent of time.

11.)
Derive an expression for motional EMF produced when a rod of length is rotated in uniform magnetic field.

                Points:
1.)
No. Of magnetic lines passing through unit surface area normally.SI unit –Weber

2.)
1G=10-4T

3.)
Yes, ther is a change in magnetic flux.

4.)
Zero.Glass rod is insulator.

5.)
(i)clockwise            (ii)anticlockwise

6.)
Zero,no change in flux.

7.)
As given in iontroduction of topic.

8.)
IT is also known as induced current which produce in thick sheet due change in flux

9.)
It states that direction of induced current is always opposite to the cause by which it produces.  [image: image23.png]SEERED
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Mechanical energy is converted into electrical energy due to relative motion of magnet with coil.

10.)
I = dq    I = e   dq  =  dф                        ... dq = dф  

                     dt         R      dt       dt.R                                    R

11.)
      OP = L                ...      Q=B.     A

             POQ=    Q                        =BπL2       Q/2π

                                               ...     Q/    t=1/2 BL.V=⅟2 BL2ω

                      Concepts: Self and Mutual induction
1.)
What is the need of non-inductive coil?

2.)
Name physical quantity measured in Weber/Ampere.

3.)
Show that SI unit of self inductance Henry is equal to volt sec per ampere?

4.)
If self inductance  of an air core inductor increases for 0.01 mH to 10mH on introducing an iron core into it .What is the relative permeability of core used.

5.)
Write 3 factors on which self inductance of coil depends.

6.)
Show that energy stored in a inductor is 1/2Li2 .

7.)
Define Mutual inductance .Write its SI unit .

8.)
How does the mutual inductance of a pair of coils change when

(a)
Distance b/w coils is increased

(b)
No. Of turns in each coil is decreased

(c)
A thin sheet is placed b/w two coils

9.)    Name the device which is based on mutual induction.

Hints:

1.)    These coils reduce self inductance considerably.

2.)
Inductance

3.)
 e = -L. dI /dt                  L=-e /dl / dt =volt.sec/ampere

4.)
With air core Lo=(µoN2/L).A

          Iron core L=µ.N2A/L  ...    L/Lo=µ/µo= µr=1000 

5.)     Depends on(i) no. Of turns (ii)cross sectional area(iii)permeability

6.)
Energy=1/2 LI2

dw= q.db=I.dt.L.dI/dt=LIdI


∫dw=L. ∫I.dI=1/2LIo2 

...W=1/2LIo2  

7.)
Definition; the phenomenon of production of induced EMF in one coil due to change of current in other Unit=Henry

8.)
(i) decreases when flux increases

(ii)M   α   N1N2 

Decreases when no. of turns decrease

(iii)M   α     µ

9.)
Transformer

SHORT ANSWER TYPE (2or3 marks)

1.The closed loop PQRS is moving into a uniform magnetic field acting at the right angles to the plane of the paper as shown in the fig (a). State the direction in which the induced current flows in the loop.

                          [image: image24.png]>
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2. A rectangular coil of N turns and area of cross-section A, is held in a time varying magnetic field given by B=Bo Sin wt, with the plane of the coil normal to the magnetic field. Deduce the expression from the e.m.f induced in the coil.

3.The Circuit arrangement given below shows that when an AC passes through the coil A, the current starts flowing the coil B.
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4.
Define mutual inductance and give its S.I. Unit. Derive an expression for the mutual inductance of two long co-axial solenoids of same length wound one over other.

Alternating Current : It is one which changes in magnitude and direction periodically. The max. value of current is called current amplitude or peak value of current. If ƒ = ω/2π is frequency of alternating current, then it is expressed as,







I = Io Sin ωt





Similarly,
V = Vo Sin ωt

                                   [image: image26.png]



Mean And r.m.s value of A.C :



i)   (Imean )full cycle = 0



ii)  (Imean )half cycle = 2Io / π  = 0.636 Io 


iii) Ir.m.s = [image: image27.png]V(Pyean) = I/ N2



= 0.707 Io. 

Phase Difference between Voltage and Current : Due to the presence of Inductance and Capacitance, we have, 




V = Vo Sin ωt




I = Io Sin (ωt + Φ) ,ф

Phase Difference.

Impedance : The hindrance offered by a circuit to the flow of A.C is called impedance. It is denoted by Ζ.




Ζ = V/I = Vo / Io ohm’s.

Reactance : The hindrance offered by Inductance and Capacitance in A.C circuit is called reactance. It is denoted by X ,





Inductive Reactance ,
XL = ωL





Capacitive Reactance,
XC = 1/ωC .

Purely Resistive Circuit : Φ = 0 and Ζ = R.

Purely Inductive Circuit : Φ = - π/2 , V = Vo Sin ωt






I = Io Sin (ωt - π/2).

Purely Capacitive Circuit : Φ = π/2 , V = Vo Sin ωt






I = Io Sin (ωt + π/2).

LC Oscillations : A circuit containing L & C is called a resonant circuit. If Capacitance is charged initially and A.C source is removed, then electrostatic energy of capacitor is converted into magnetic energy of Inductor ½ LI2 and vice versa. Such oscillations of energy are called LC oscillations.
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LCR Series Circuit : 




Impedance
[image: image29.png]Z=~R2+ (XC - XL







Phase

Φ = tan-1 (XC – XL)/R




Net Voltage
[image: image30.png]V=V +H(Ve - VL2



.
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Resonant Circuits :

i)
Series LCR Circuit : XC = XL  Or  1/ωC = ωL.

ii)
Resonant angular frequency  [image: image33.png]o, = 1~NLC



.

iii)
Resonant frequency Φ = 0 , V = VR  , ƒ = 1/2π[image: image34.png]JLO



.

Quality Factor (Q) :




Q = ωr/(ω2 – ω1) = ωrL/R

                                   
[image: image35.png]



Power Dissipation In A.C Circuit :






P = V r.m.s  I r.m.s Cos Φ = ½ VoIo Cos Φ





Where Cos Φ = R/Z is the power factor.

Wattless Current : In purely inductive or Capacitive circuit, power loss is zero.

i)
Wattless component of current = I r.m.s Sin Φ

ii)
Power component of current = I r.m.s Cos Φ.

A.C Generator : It is a device to convert mechanical energy into electrical energy based on the phenomenon of E.M. Induction. If a coil of N turns,Area A is rotated with frequency ƒ in uniform magnetic field of induction B, then motional emf in the coil is,






e = NBAω Sin ωt
, ω = 2πƒ

Peak emf eo =NBAω.

VERY SHORT ANSWERS QUESTIONS (1 MARKS)

1.)
Write an expression for the energy stored in an inductor of inductance L when a steady current is passed through it. Is the Energy electric or magnetic?

2.)
The electric current in the direction from B to A is decreasing what is the direction of induced current in the metallic loop above the wire as shown in the figure?

Coil    

                       Wire

                                 A                          B

3.)
Give the direction in which induced current flows in the wire loop, when the magnet moves towards the loop as shown in the figure.


Rigid Support

[image: image36.png]




Bar Magnet

Coil
N.             . S

4.)
The instantaneous current in an ac circuit is I=0.5sin314t, what is (a) RMS value and (b) frequency of current?

5.)
If the rate of change of current 2ampere/sec induces an EMF of 40mV in the solenoid, what is the self inductance of the solenoid? 

6.)
State Lenz’s law.

7.)The closed loop PQRS is moving into uniform magnetic field acting at right angle to the plane of the paper as shown .State the direction of the induced current of the loop.


P                     Q


Loop


S
R

8.)
IF the self inductance of an iron core inductor increases from 0.01mH to 10mH introduces the iron core into it. What is the relative of the core material used?

9.)
Define mutual inductance and give its S.I Unit.

10.)
When current in a coil changes with time, how is the back EMF induced in the coil related to it?

11.)
Why does a metallic become very hot when it is surrounded by a coil carrying high frequency alternating current?

12.)
What is the phase difference between the voltage and current in a LCR series circuit at resonance?

13.)
Sketch a graph showing variation of reactance of a capacitor with frequency of the voltage applied.

14.)
The instantaneous voltage from an ac source is given by E=300-sin 314t what is the RMS voltage of the source?

15.)
In a series LCR circuit, the voltage across an inductor, a capacitor and a resistor are 30 V, 30 V &60 V respectively. What is the phase difference between the applied voltage and current in the circuit?

16.)
What is the power dissipated in an ac circuit in which voltage and current are given by V=230 Sin (ωt + π/2)   and I=10 Sin ωt?      

17.)
The power factor of an ac circuit is 0.5. What will be the phase difference between phase difference voltage and current in this circuit?

18.)
State Ampere’s Circuital Law modified By Maxwell.

19.)
The frequency of ac is doubled, what happens to                  (i) Inductive Reactance and (ii) Capacitive Reactance?

20.)
When a bar magnet is quickly moved along the axis of coil from one side to another as shown in the figure. Give the direction of induced current in the coil?

[image: image37.png]_
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(02 & 03 Marks Questions)

21.)
Distinguish between the terms “Effective Value” and “peak value” of ac current.

22.)
Prove mathematically that the average power over a complete cycle of ac through an ideal inductor is zero.

23.)
What are eddy currents? Give their one use.

24.)
Show that Lenz’s Law is in accordance with the law of conservation of energy.

25.)
Two circular coils, one of radius “r” and the other of radius “R” are placed co-axially with their centres coinciding. For R>>>r obtain an expression for the mutual inductance of the arrangement.

26.)
An electric lamp connected in series with a capacitor and ac source is glowing with certain brightness. How does the brightness of the lamp change on reducing the capacitance?

27.)
A bar magnet ‘M’ is dropped so that it falls vertically through the coil ‘C’. The graph obtained for Voltage produced across the coil versus time is shown in fig. (i) Explain the shape of the graph. (ii) Why is the negative peak longer than the positive peak?      [image: image38.png]Magnet
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28.)
Given below are two electrical circuits A &B. Calculate the ratio of power of circuit B to the power factor of circuit A. 
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29.)
How is the mutual inductance of a pair of coils affected when (i) separation  between the coils is increased   (ii) The number of turns in each coil is increased  (iii) A thin iron sheet is placed between the two coils , other factors remaining the same. Explain your answer in each case.

30.)
Figure shows two long co-axial solenoids, each of length ‘L’. The outer solenoid has an area A1 and numbers of turns per unit length n1.The corresponding values for inner solenoid are A2 and n2.  Write the expression for self inductance L1 ,L2 of the two coils and their mutual M. Hence show that M < √ L1 ,L2.
[image: image43.png]



31.)
What is the power dissipated by an ideal inductor in an ac circuit? Explain.

32.)
Prove that an ideal capacitor in an in an ac circuit does not dissipate power? Explain.

33.)
Prove that the energy stored in an inductor is ½ LI2, where L is inductance and I is current in the inductor.

34.)
The given fig. Shows an inductor L and resistor R connected in parallel to a battery through a switch S. The resistance R is same as that of the coil that makes L. Two identical bulbs P&Q are put in each arm of the circuit. When S is closed which of the light bulbs will light up earlier? Justify. 
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35.)
An air cored coil L and a bulb B are connected in series to the ac mains as shown in the given fig. The bulb glows with some brightness. How would the glow of the bulb change if an iron rod is inserted in the coil?
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36.)
What is induced EMF? Write Faraday’s law of electromagnetic induction. Express it mathematically. A conducting rod of length ‘l’, with one end pivoted, is rotated with uniform angular speed ‘ω’ in a vertical plane ,normal to a uniform magnetic field ‘B’ .Deduce an expression for the EMF induced in this rod.

37.)
Derive an expression for (i) Induced EMF  and (ii) Induced Current when a conductor of length ‘l’ is moved with a uniform velocity u, normal to a magnetic field B. Assume the resistance of conductor to be R.

38.)
Derive an expression for self inductance of a long air cored solenoid of length l, radius r and having number of turns N.

39.)
 Derive an expression for impedance of an ac circuit consisting of an inductor and a resistor.
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40.)
What is meant by impedance? Give its Unit. Using the phasor diagram or otherwise, derive an expression for the impedance of an ac circuit containing L, C & R in series. Find the expression for the resonant frequency.

41.)
Describe briefly the principle, construction and working of a transformer. Why is its core laminated?

42.)
What are Eddy Currents? How are they produced? In what sense Eddy Currents are considered undesirable in a transformer? How can they be minimised? Give two applications of Eddy Currents.

43.)
Explain with the help of a diagram, the principle and working of an ac generator? Write the expression for the EMF generated in the coil in terms of speed of rotation. Can the current generated by an ac generator be measured with a moving coil galvanometer?

             Solutions to EMI And Alternating Current

1.
U=1/2 LI2. It is stored as magnetic energy.

2.
According to Lenz’s law the current induced in the coil will be clock wise in the coil.

3.
The induced current will be anti clockwise .

4.
a) R.m.s.value Irms = I0/√2 = 0.5 / √2 =0.35A.

b) f = ω/2π = 314 / 2 X 3.14 = 50Hz

5.
e = - LΔi/ΔT

            L = e / Δi/ΔT = (40 X 10-3 )/2 = 20 X 10-3 H = 20mH

6.Lenz’s law – the current induced in a coil is opposes the change in magnetic flux.

7. The current induced in the coil will flow “anticlockwise” ie.along PSRQP

8.Relative Permeability  μr = Lmedium /Lair = 10 mH / 0.01mH = 1000

9. Definition of mutual inductance & its SI unit is “HENRY”


10. the back e.m.f induced in the coil opposes the change in current.

11.Due to the Production of “Eddy currents” in the metallic piece,which generate heat 

energy further causing the metal piece to heat up.

      12.ZERO

      13.XC = 1 / 2πfc x 1/f 

                                                    XC





     F

          14. E=E0Sinωt

                Erms = E0 / √2 = 300 /√2 =150√2volts = 212V

15.tanФ = (XC - XL )/R  =(VC - VL )/VR  = (30 – 30)/60 = 0


Ф= 0

16. P = ½ Vo Io CosФ = ½ x 230 x10 x cos π/2  =  0

17. Power Factor , cosФ=0.5

                                   Ф= 60o .

18.Write Statement of law from the book analytically,

                                §B.dl = μ0 (Ic+Id)

19. a) XL =2πƒL proportional ƒ , if ‘ƒ’ is 2 times , XL will also be twice.

      b) XC =1/(2πƒC)  proportional 1/ƒ , if ƒ is doubled, XC will be half

20.Current induced in the coil flows clockwise for an observer sitting on the magnet        

     side.

Q21.The max. value  of the ac is called the peak value .It is denoted by I0 .the squarer root of mean square value of current is called the effective value or rms value of current 

 22. p=vrms Irms cosФ=vrms irms cosπ/2=0

23. define eddycurrent .they heat the metal piece to red hot

24.the direction of induced current in a closed circuit is always such as to oppose the cause that produces it.lenz law is based on conservation of energies

25. the  magnetic field produced by coil c1 in i.the vicinities of coil c is b=μ0i1

Ф=b1 a2= μ0i1/2r*πr2mutual induction m=Ф2/i1= μ0πr2/2rH
26.   .z=(r2+xc2)1/2impedence of circuit increases and hence current i=v/z decreases as aresult the brightness of bulb is reduced

27. (a mag. Flux linked with the coil changes so an emf or (pd) is developed across the coil.discuss the position of magnet w.r.to the position of coil (b)-ve peak is longer than +ve peak because magnet moves out of coil faster than it moves into the coil ,so that the rate of decrease of magnetic flux is faster than the rate of increase of flux

28. power factor=cos Ф=r/z where za=(r2+xl2)1/2 zb =(r2+(xl-xc)2)1/2 also we have cosФb/ cosФa=r/b/r/2=(10)/(5)=2:1

29. (a)mutual inductance decreases(b)increases

      (c) decreases

           Some Questions For exercise

1. How can you obtain wattles current in AC Circuit?

2. Give two causes for the power loss in transformer?

3. Calculate the rms value of the alternating current represented in this figure.
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4. An inductor of unknown value, a capacitor of 100µF and a resistor of 10Ω are connected in a series to a 200V, 50Hz A.C. source. It is found that the power factor of the circuit is unity. Calculate the inductance of the inductor and the current amplitude.

5.
Prove that an ideal capacitor, in an a.c. circuit does not dissipate power in an a.c. circuit.

6.
Show that in the free oscillations of an LC circuit, the sum of the energies stored in the capacitor and the inductor is constant in time.

7.
Why is the coil of a dead-beat galvanometer wound on a metal frame?

8.
What is the average value of alternating emf over one cycle?

9.
Two similar co-axial loops carry equal currents in the same direction. If the loops be brought closer, what will happen to the currents in them?

10.
A choke coil in series with a lamp is connected to a d.c. line. The lamp is seen to shine brightly insertion of an iron core in the choke causes no change in the lamp’s brightness. Predict what will happen if the connection is made to an a.c. source?

11.
How does the term ohmic resistance differ from impedance? With the help of suitable phaser diagram, obtain the relation foe impedance in an a.c. LCR circuit?

UNIT -5

ELECTROMAGNETIC   WAVES



Q1 what physical quantity is the same for X- rays of wavelength 10-10  m , red light of wavelength 6800A˚ and radiowaves  of wavelength 500m ?
Q2 Long distance radio broadcasts use short wave bands , why ? 
Q3 It is necessary to use satellite for long distance t.v to the transmission why?
Q4 Identify the part of E.m spectrum to which the following wavelength belong (a) 10-1m (b)10-12
Q5 Which part of E.m .spectrum is used in operating a RADAR ?
Q6 Name the e.m radiations used for viewing objects through haze and fog?
Q7 Name the e.m radiation used for studing the crystal structure of solids?
Q8 Name the parts of e.m spectrum of wavelength 10-2 m and 102m and mention their one application.
Q9 What is the relationship between electrical and magnetic field in free space?
Q10 What is the role of ozone layer in upper atmosphere ?
Q11 What is meant by the transverse . Nature of e.m waves ? draw a diagram showing the propagation of an e.m wave along X- direction , indicating clearly the directions of oscillating electric and magnectic field associated with it ?
Q12  Give two characterics of e.m waves . Write the expression for velocity of e.m wzves in terms of permittivity and permeability of the medium .
Q13  Find the wavelength of e.m waves of frequency 5×1019 hz in free space . Give its two application .
Q14  Identify the part of e.m spectrum which is – (a) suitable for radar systems used in aircraft navigation  (b) adjacent to low frequency end of the e.m spectrum (c) produced in nuclear reaction (d) produced by bombarding a metal ntarget by high speed electrons ?

Q15 Write the order of frequency range  and one use of each of the following e.m radiation –

(a)microwaves (b)ultraviolet (c)gamma rays 
Q16 A radio can tune into any station in the 7.5 mhz to 12 mhz band. What is the corresponding wavelength?
Q17 Which part of e.m spectrum correspond to frequency

a)1020Hz
b)1018Hz
c)1014Hz
d)106Hz
Q18 suppose that the electric field amplitudes of an e.m waves  is E0= 120 N/c and that its frequency is ѵ=50 hz a)determine B˚, w , k and λ b) find expression for vector E vector B?
Q19 Draw a labelled diagram of hertz ‘s experiment and explain thev principle of experiment to produce e.m waves .
Q20 A plane e.m  wave has a max. Electric field 3×10-4 vm-1. Find the max. Magnetic field ?

                   Concepts involved in E.M waves 

ELECTROMAGNETIC WAVES : the waves propogatingin space through electric & magnetic fields varying in space and time simultaneously are called e.m waves

ORIGIN : the e.m waves are prouduced by an acceleration or deacceleration charge or LC circuit . THE FREQUENCY OF E.M WAVES IS 

F =1/2∏[image: image48.png]VLC




Characterstics of E.M. Waves

  1) The e.m waves travel in free space with the speed of light i.e c= 3×10 8m/s.

  2) e.m waves are neutral ,so they are not deflected by electric and magnetic fields .

        c=E  /B=1/[image: image49.png]
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 0 = 3 x 108
    4)   V = 1 / [image: image51.png]Ve
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 r Єr = C/H’

   5)  In e.m wave the avg. Values of electric energy density and magnetic energy density are equal.

         (1/2 [image: image53.png]


0E2)avg =( B2/2μ0)avg

6)wavelength range of visible spectrum :-

VOILET – 400 nm -420nm

INDIGO – 420nm-450nm

BLUE – 450NM-500NM

GREEN – 500nm-570nm

YELLOW – 570nm-600nm

ORANGE – 600nm -650nm

RED – 650nm-750nm

  7)USESE OF ELECTROMAGNETIC SPECTRUM :

 a) gamma rays :highly penetrating , also used in radio thereapy

b) U.V rays: provide vitamin D , harmful for skin and eyes

c)infrared rays: long distance photography and for theripentic purposese 

d) radiowaves :

 (a) medium frequency band-0.3to 3 mhz

(b) short waves – 30 mhz to 3000mhz

(c)V.H.F -30mhz to 300mhz

(d) UHF- 300mhz to 3000mhz

(e) microwaves – 3ghz to 300ghz

                                    SOLUTIONS

A1)   X rays, red light and radio waves are all e.m waves . The speed of propagation in vacuum is the same for all these waves . thisspeed is equal to C= 3×108 m/s.

A2)  Radio broadcastsuse the reflection of transmitted waves through different ionospheric layers. These layers reflect short wavelength bands.

A3)I.v signals are not properly reflected by ionosphere .therefore,signals are made to reflected to earth by using artificial satellites.

A4)(a)short radio waves (b)gamma rays

A5)microwaves

A6)infrared rays

A7)X-rays

A8)10-2 m→microwaves→RADAR

      102m→radiowaves→Broadcast radio program to long distance 

A9)Eo/Bo=C(speed of light)

A10)to absorb harmful ultraviolet radiation

A11)Def of transverse em waves and also wave figure in which E & B nare acting at right angles

A12) em waves travel with the speed of light ie e=3×108m/s

Em waves are transverse in nature 

A13) λ=3×108/5×1019=6×10-12m (gamma rays)
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A14) (A)microwaves (B)radiowaves (C)gamma rays (D)X rays 

A15) (a)3×1011- 1×108hz for radar system

(b)1×1016-8×1014hz for detecting invisible writing 

A16 ) use formulae λ1= c/ѵ1=40m & λ2=c/ѵ2=25 m

A17)refer em spectrum and get their corresponding frequency

A18) use formulae , c= E0/B0   ,B 0 = 4×10-7T , W= 2∏ƒ = 3.14 108 RAD/S

  K=w/c = 1.05 m-1 , λ = c/ѵ = 6.00 m 

E = 120 sin (1.05x –wt )j

   =120 sin (1.05 x -3.14 ×108t )j n/c

B=(4×10-7) sin (1.05x - 3.14 ×108t )kt

A19)refer physics book and draw the diagram of hertz ‘s experiment and write its principle .

A20)use formulae c= E0/B0      ,     to get               B 0=3×10-4/3×108 = 10 -12 T   

Unit VI 



OPTICS



 
Contents :

Reflection of light, spherical mirrors, mirror formula. Refraction of light, total internal reflection

and its applications, optical fibres, refraction at spherical surfaces, lenses, thin lens formula, lensmaker’s

formula. Magnification, power of a lens, combination of thin lenses in contact. Refraction

and dispersion of light through a prism, rainbow.

Wave optics: wave front and Huygens’ principle, reflection and refraction of plane wave at a plane

surface using wave fronts. Proof of laws of reflection and refraction using Huygens’ principle.

Interference, coherent sources, Young’s double slit experiment and expression for fringe width.

Diffraction due to a single slit, width of central maximum. Polarisation, plane polarised light; malus

law, Brewster’s law, uses of plane polarised light and Polaroids.

Optical instruments: Microscopes, astronomical telescopes (reflecting and refracting). Magnifying

powers and resolving power of microscopes and astronomical telescopes

In this section we will consider the light ray model

of light and how lenses function. We will be concerned with what makes an image, where it is

located and who can see it. We will

also investigate optical instrumentation which means systems of optical elements.

IMPORTANT CONCEPTS:

Note that I have used:

          so = object distance,  si = image distance,
          Qi for the incident ray,  Qr for the reflected ray, 
          Qt  for the transmitted ray.

I. Descriptive Terms for Wave Motion

A. Velocity is the distance moved by the wave in one second. The velocity of a wave depends on the medium in which the wave travels.

B. Wavelength l is the distance moved by the wave in one complete oscillation of the source. The wavelength depends on the medium in which the wave travels.

C. Frequency f is the number of oscillations of the source per second. Frequency depends on source and does not change when wave goes into a different medium.

D. Period T is the time for one complete oscillation. The period depends on the source and does not change when the wave enters a different medium.

E. Velocity v is the distance moved by the wave in one second.

F. (distance moved/oscillation)(#of oscillation/s)=(distance/s)
(l)(f) = v


II. Light in a medium

A. The index of refraction n of a medium is defined as the ratio of the speed of light in a vacuum (or air) c to the speed of light in a medium v. 

n = c/v

B. In a vacuum (or air), for light of frequency f, wavelength lo,
and velocity c, 

lof = c       (Equation 1)
C. In a medium of index of refraction n,  for light of frequency f,
wavelength ln, and velocity v, 

lnf = v      (Equation 2)

Dividing Eq. 1 by Eq. 2, 

lo/ln = c/v = n  or  ln= lo/n.

Wavelength is directly proportional to velocity. When the velocity of a wave in a medium decreases the wavelength decreases.


III. Descriptive Terms for Ray Diagrams

A. The Descriptive Terms

1. Angle of incidence Qi is the angle between the incident ray and the normal to the surface.

2. Angle of reflection Qr is the angle between the incident ray and the normal to the surface.

3. Angle of refraction or transmission Qt is the angle between the refracted (transmitted) ray and the normal to the surface.

B. From Snell's law, 

ni sin Qi = nt sin Qt
sin Qt = ni sin Qi / nt
1. If the transmitted medium is more dense than the incident medium 

(nt > ni),
sin Qt < sin Qi,
Qt < Qi, 

and the light is bent toward the normal. See the figure I have drawn below
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2. If the transmitted medium is less dense than the incident medium 

(nt < ni),
sin Qt > sin Qi,
Qt > Qi,

and the light is bent away from the normal. See this diagram now-
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3. When an incident ray hits a surface normally, the angle between the incident ray and the normal is 0o and, by definition, the angle of incidence is 0o. For an angle of incidence of 0o, the angle of reflection is 0o, and the angle of refraction is 0o regardless of the relative values of ni and nt, as shown in Fig. 2 below.
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IV. Total Internal Reflection

A. Occurs only when light goes from a denser medium to a less dense medium, that is, ni is greater than nt.  In Fig. 3 below, the smallest angle of incidence from the more dense material is shown with one arrow. The corresponding refracted ray is also shown with one arrow. As you increase the angle of incidence (ray with two arrows), the angle of refraction increases.
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B. When you hit the critical angle Qc (ray with three arrows), the refracted ray skims along the interface between the two media.
For an incident angle = Qc, the angle of refraction Qt = 90o.
In general, ni sin Qi = nt sin = Qt.
For Qi = Qc,  n1 sin Qc = nt sin 90o  or  sin Qc = nt/ni.
For any angle greater than Qc,  the light is totally internally reflected as shown by the ray with four arrows in the figure drawn  above.

	
	I. Descriptive Terms of Wave Motion

A. Amplitude is the maximum displacement from the equilibrium position.

B. Velocity is the distance moved by the wave in one second. The velocity of a wave depends on the medium in which the wave travels.

C. Wavelength l is the distance moved by the wave in one complete oscillation of the source. The distance between crests is one wavelength. The wavelength depends on the medium in which the wave travels.

D. Frequency f is the number of oscillations of the source per second. Frequency depends on source and does not change when wave goes into a different medium.

E. Period T is the time for one complete oscillation. The period depends on the source and does not change when the wave enters a different medium.

F. Velocity v is the distance moved by the wave in one second.

G. (distance moved/oscillation)(#of oscillation/s) = (distance/s)
(l)(f) = v


II. Light in a medium

A. The index of refraction n of a medium is defined as the ratio of the speed of light in a vacuum (or air) c to the speed of light in a medium v. 

n = c/v

B. In a vacuum (or air), for light of frequency f, wavelength lo,
and velocity c, 

lof = c                  (Equation 1)
C. In a medium of index of refraction n, for light of frequency f,
wavelength ln, and velocity v, 

lnf = v                 (Equation 2)
Dividing Eq. 1 by Eq. 2, 

lo/ln = c/v = n  or  ln=lo/n.

Wavelength is directly proportional to velocity. When the velocity of a wave in a medium decreases the wavelength decreases.


III. Interference

A. Constructive and Destructive interference

1. Constructive interference occurs when a crest falls on a crest and a trough falls on a trough. Destructive interference occurs when a crest falls on a trough.

2. For constructive interference, the path difference must equal an integral number of wavelengths. For destructive interference, the path difference must equal half-integral number of wavelengths.

3. In Fig. 1 below, the wave from source 1 has traveled a distance S1P to point P and the wave from source 2 has traveled a distance S2P to point P. The path difference = S1P - S2P.
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4. For constructive interference, S1P - S2P = ml, m = 0, 1, 2, etc.

5. For destructive interference, S1P - S2P = (m + 1/2)l.


B. For the wave from S1 in Fig. 1 above, we may write 

y1(r1,t) = A cos (2pt/T - 2pr1/l)

and for the wave from S2 in Fig. 1, we may write 

y2(r2,t) = A cos (2pt/T - 2pr2/l).

1. Every point on a wave vibrates with simple harmonic motion of the same amplitude. The phase 2pr/l of each point depends on the distance r from the source.

a. Points ml (m = 1, 2, 3 . . . ) apart have a phase difference of 2p(ml/l) = 2p, 4p, . . .(360o, 360o, . . .), which is equivalent to no phase difference.

b. Points 2(m + 1/2)l (m = 0, 1, 2, 3, . . .) apart have a phase difference of 2(m + 1/2)p = p, 3p, . . . . (180o, 540o, . . .)

2. The 2pr/l term is the phase of each wave and the difference
[2pr1/l - 2pr2/l] is the phase difference DF between the waves.
DF = (2p/l)(r1 - r2), where (r1 - r2) is the path difference.

a. A phase difference of 2pm (2p, 4p, . . .) gives constructive interference. You can also see this since (2p/l)(r1 - r2) = 2pm is equivalent to (r1 - r2) = ml.

b. A phase difference of 2p(m + 1/2) (p, 3p, . . .) gives destructive interference. You can also see this since (2p/l)(r1 - r2) =
2p(m + 1/2) is equivalent to (r1 - r2) = (m + 1/2)l.

c. If the waves travel through media of different index of refraction n1 and n2,  DF = (2p)(r1/li - r2/l2), or since l1 = l/n1 and l2 = l/n2,  DF = (2p/l)(r1n1- r2n2). There will even be a phase difference in this case if r1 = r2 = L. Then DF = (2pL/l)(n1- n2).

C. Fig. 2 below shows two point sources, S1 and S2, emitting waves that are detected at a distant point P from the two sources. The distances r1 and r2 from sources 1 and 2 to the point P are large compared to the separation d of the sources. For this case, the two rays along the lines of sight from the two sources to point P are nearly parallel, both being essentially at the same angle Q from the X axis as shown in the figure. Since I am unable to draw such large distances and at the same time show the path difference, S1P - S2P = S1B, as a reasonable length, I have made a "break" in the drawing as the two "parallel" rays come together and arrive at P.
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1. If point P is one of maximum intensity (constructive interference), 

S1B = ml.

If point P is one of minimum intensity (destructive interference), 

S1B = (m + 1/2)l.

2. From triangle BS1S2, we see that sin Q = S1B/d  or  d sin Q = S1B.

a. For constructive interference, d sin Q = ml.

b. For destructive interference, d sin Q = (m + 1/2)l.

D. In Fig. 3 below, ym represents the distance on the screen from center of the intensity pattern to a position of constructive or destructive interference and L the distance from the slits to the screen.

sin Q = ym /(L + ym2)1/2
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1. For ym << L,  sin Q is approximately = ym/L = tan Q

2. When ym << L

a. For constructive interference,

i. sin Q = ml/d = ym/L  or  ym = mlL/d

ii. ym + 1 – ym = [(m + 1) – m]lL/d = lL/d =
distance between maxima.

b. For destructive interference,

i. sin Q = (m + 1/2)l/d = ym/L  or  ym = (m + 1/2)lL/d

ii. ym + 1 – ym = [(m + 1 + 1/2) – (m + 1/2)]lL/d = lL/d = distance between minima.

Phase Change at Interface           ::HOT STUFF::
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E. When a pulse goes from a less to a denser medium, the reflected wave experiences an 180o or p phase change. When it goes from a more to a less dense medium, there is no change of phase for the reflected wave. (Fig. 4 above).

From a crest to a trough is a distance of l/2. A change of phase of 180o or p is equivalent to a path difference of l/2. Notice that there is never a change of phase for the transmitted ray at an interface. The speed of light is greatest in a vacuum or approximately air with index of refraction n = 1 = c/v. The higher the index of refraction, the smaller the speed of the wave.

When light goes from medium 1 to medium 2, the reflected ray will experience a phase change of  p  if  n2 > n1.  There will be no phase change if  n2 < n1.

F. Boundary Conditions Applied to Waves                  ::HOT STUFF::
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1. In Fig. 5a above, the incident wave I is reflected at the first interface of a less dense-more dense medium, where the index of refraction in the incident medium  n1 < n,  the index of refraction in the film. There is an 180o or p change in phase at the first interface. There is no change in phase for the transmitted wave T. And there is no change in phase at the second interface of a more dense-less dense medium with  n3 < n.

The "real" path difference for 5a or 5b above is 2t, where t is the thickness of the medium. A change of phase of p for the incident ray is equivalent to an additional path difference of ln/2, where ln is the wavelength in the film. For Fig. 5, the index of refraction of the film is n. Remember that the wavelength in a medium ln = l/n where l is the wavelength in a vacuum.

The condition for

a. maximum: 

2d = (m +1/2)ln   or
2d = (m +1/2)l/n   or
2nd = (m +1/2)l

b. minimum: 

2nd = ml

c. Because of the change in phase of p, the conditions for maxima and minima have been reversed.

2. In Fig. 5b, the incident wave I is reflected at the first interface of a less dense-more dense medium where the index of refraction in the incident medium n1 < n,  the index of refraction in the film. There is an 180o or p change in phase at the first interface. There is no change in phase for the transmitted wave T. There is another change of phase of p at the second interface since n3 > n. The total phase change is 360o or 2p.  That is equivalent to no phase change overall.

The condition for

a. maximum: 

2nd = ml

b. minimum: 

2nd = (m + 1/2)l

IV. Interference for Multiple Slits                        ::HOT STUFF::
A. For multiple slits with equal spacing d, the condition for maxima is identical to that for 2 slits with a separation of d:  sin Q = ml/d

B. Rather than giving the spacing d, you usually get the number of slits per length. The reciprocal of the number of slits per length is equivalent to d, but be careful that the length is in meters.

V. Diffraction (Intensity pattern shown in Fig. 8 below)
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A. Diffraction is really interference from a very large number of sources and slits.

B. Think of a single slit as made up of an infinite number of sources and slits. In Fig. 7 below, I have only divided it up into a few sources.
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C. In Fig. 7a, with N the number of slits and d the distance between each slit, the slit width a = Nd.

D. Conditions for a Maximum

1. Since the condition for a maximum is the same for N slits with a separation d as it is for 2 slits with a separation d, you get a maximum when sin Q= ml/d = Nml/a.

2. Since N is a very large number, sin Q will be greater than 1 unless m = 0. There is only one principal maximum and that occurs at the center of the screen.

E. Conditions for a Minimum in a Diffraction Pattern

1. The width of the slit is a. Think of light coming from an element of length dy at the top of the slit and an element of length dy half way down on the slit as shown in Fig. 7b above. Obviously there is a path difference between them when the light from the top and middle of the slit arrive at P.

a. Destructive interference occurs if this path difference for the element at the top of the slit and the element at the center of the slit is l/2. This will also be true for other elements that you pair as you go down the slit with path differences of l/2.

b. In the little triangle on the left, for destructive interference, sin Q = (l/2)/(a/2) = l/a, the condition for the first minimum.

2. For the second minimum, divide the slit into four parts and match elements that give a path difference of l/2. The second minimum occurs for sin Q = (l/2)/(a/4) = 2l/a.

3. Continuing in this way, you find for the mth minimum: 

sin Q = ml/a

4. Position of Minima on Screen

5. From Fig. 7 above,  tan Q= y/L.   For small Q,  tan Q ≈ sin Q.

6. From VI, E, 3 above, sin Q = ml/a.
For sin Q ≈ tan Q,   ml/a = ym/L,   or
ym = mlL/a,  where ym corresponds to the mth mimimum.

7. The distance between minima =
Dy = ym+1 - ym = (m + 1)lL/a - mlL/a = lL/a.

8. Since the width of the central maximum = the distance between the first minimum on the right and the first minimum on the left of the central maximum, the width of the central maximum = 2lL/a.

Diffraction Limit

F. Diffraction poses a fundamental limit on the ability of optical systems to distinguish closely spaced objects.

1. Assume light from two point sources far from a slit illuminates the slit. Light diffracting at the slit produces two single-slit diffraction patterns, one for each source as shown in Fig. 9 below.
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2. Because the sources are at different angular positions, the central maxima of the diffraction patterns overlap.

3. The result in Fig. 9 is one big blob and you can't distinguish two separate objects.

G. Rayleigh's Criterion

1. If the angular separation of the two objects is great enough, you see a separation of the two maxima and can distinguish the existence of two objects.

2. The two peaks are barely distinguishable if the central maximum of one coincides with the first minimum of the other. We found earlier that sin Q = l/a for the first minimum in single-slit diffraction. The angular separation between the diffraction peaks equals the angular separation between the sources. In most optical systems, the wavelength of the light is much smaller than the aperture. In the small angle approximation, sin Q is approximately equal to Q, the Rayleigh condition that the two sources be just resolvable gives for a slit   

Qmin = l/a

3. The Rayleigh criterion for circular apertures is                                   

Qmin = 1.22 l/D,

where D is the aperture diameter.

Polarization

· Polarization is the attribute that a wave's oscillation have a definite direction relative to the direction of propagation of the wave.

· The direction of the polarization is parallel to the electric field of the electromagnetic wave and perpendicular to the direction of the propagation of the wave.

· Light waves are transverse waves that may be polarized.

· Natural light is partially polarized. This means that the electric field vectors associated with this light are not in one direction.

· The electric field vectors can be resolved into two vectors perpendicular to each other.

· When you send light through a polaroid, the electric field vector perpendicular to the transmission axis is absorbed, leaving only the component along the transmission axis of the polaroid.

· When unpolarized light with intensity of the incident light equal
to Ii is sent through a polaroid, the intensity of the light is reduced by a factor of 2. The transmitted intensity It = Ii/2.

Polarized Light passing through a polaroid

· Figure  below represents polarized light with incident electric field Ei approaching a polaroid. The direction of the transmission axis is indicated with a dash line. The transmitted electric field Et is smaller and rotated through an angle Q along the transmission axis.
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· Figure  above gives an end view. The component of E1 along the transmission axis is the transmitted electric field Et = Ei cos Q

The Poynting Vector = the intensity of the light I = Emax2/2µoc.
The intensity is proportional to the electric field, that is,
I = kE2, where k is a constant.

a. The initial intensity Ii = kEi2
b. The transmitted intensity It = kEt2 = kEi2 cos2 Q

c. It/ Ii = cos2 Q

Polarization by Reflection

· The incident ray in Fig. 15 below is unpolarized. It has components of the electric field perpendicular to the plane of the paper represented by a dot • and a parallel component in the plane of the paper represented by an arrow [image: image68.png]


.

[image: image69.png]Normal

Incident Ray

Reflected Ray

Transmitted Ray




· When the angle between the reflected ray and the transmitted ray is 90o, the reflected ray cannot contain any of the parallel component because then the electric field would be in the direction of the propagation and that is not possible. The transmitted ray has parallel components of the electric field and some perpendicular components of the electric field.

· When the reflected ray has only components of the electric field perpendicular to the paper, the reflected light is plane polarized. The angle of incidence when you get plane polarized light in the reflected ray is called the Brewster angle QB.

· Snell's law states that ni sin Qi = nt sin Qt.

· For Qi = QB,  Qr + Qt = 90o.

· Since Qi = Qr,  and for this case Qi = QB,
QB + Qt = 90o  or  Qt = 90o - QB
· Snell's law becomes ni sin QB = nt sin (90o - QB) = nt cos QB  or
tan QB = nt/ni.

· If the light is incident from air with nI = 1,
tan QB = nt.



	



PROBLEM SET:

SECTION A 

	

	1.

The circles in Fig. 1 below represent cross-sections of spherical wave fronts emanating from a source S. All points on a wave front are in phase. (a) What do the concentric circles pass through for each of the sinusoidal waves shown in Fig. 1? Find the distances (b) SP, (c) SP’, and (d) SP” in terms of wavelength l. (e) If you wished to draw wave fronts through troughs in Fig. 1, where and how would you draw them?
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	2.

In Fig. 2 below, two sources S1 and S2 emit waves.  The two waves overlap at P.  Find (a) the length of the path from S1 to P, S1P,  (b) the length of the path from S2 to P, S2P, and (c) the path difference (S1P - S2P) in terms of the wavelength l.  (d) Will the disturbances of the two waves at P produce constructive or destructive interference? Explain your answer.                         ::HOT STUFF::
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	3.

Write a mathematical equation that shows the relation among the quantities: frequency, wavelength, and velocity of a wave?



	4.

A person is at equal distances from two speakers of a stereo hi-fi system and hears a note of single frequency equal to 275 Hz (275 s-1). He moves sideways until he hears the note fade to a minimum.  At this position he is 10 feet from the left speaker and 8 feet from the right speaker. Find the speed of sound. 



	5.

    Figure 3 below shows two point sources, S1 and S2 emitting waves that are detected at a distant point P from the two sources. When the distances r1 and r2 from sources 1 and 2 to the point P are large compared with the separation d of the sources, the two rays along the lines of sight from the two sources to point P are nearly parallel, both being essentially at the same angle Q from the X axis as shown in the figure. Since I am unable to draw such large distances and at the same time show the path difference, S1P - S2P = S1P, as a reasonable length, I have made a "break" in the drawing as the two "parallel" rays come together and arrive at P.

(a) If point P is one of maximum intensity (constructive interference),  find S1P in terms of the wavelength l.

(b) Use triangle BS1S2 to find an expression in terms of the separation d of the sources and a function of Q that you can equate to the path difference found in (a).

(c) Repeat (b) for the case in which P is a point of minimum intensity
    (destructive interference).
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::HOT STUFF::


	*6.

Let us take the frequency f of the two sources in Fig. 3 above to be the same and say the waves travel in the same medium so the wave produced by S1 has the same wavelength l as the wave produced by S2. The equation of the wave produced by S1 is y1(r1,t) = A1 sin (2pvt - 2pr1/l) and the equation of the wave produced by S2 is y2(r2,t) = A2 sin (2pnt - 2pr2/l).  At P in Fig. 3, the phase difference between the two waves is DF = (2p/l)(r1 - r2), where r1 is greater than r2.

In Fig. 4 below we take the amplitudes of the waves A1 = A2 = Ao and draw "phasor diagrams." While amplitudes are not vectors, you can use the phasors to find the resultant amplitude.

In Fig. 4b, (a) find the resultant amplitude in terms of Ao, and (b) the values of DF in radians that would produce this amplitude.

In Fig. 4c, (c) find the resultant amplitude in terms of Ao, and (d) the values of DF in radians that would produce this amplitude.
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	*7.

You probably found that the resultant amplitude in Fig. 4b was 2Ao and
DF = 2mp where m = 0, 1, 2, 3, 4, . . 

(a) Since it is always true that DF = (2p/l)(r1 - r2), use your result to find the path difference (r1 - r2).

(b) Now use your results of Problem 6 part d to find the path difference when point P in Fig. 3 above is one of destructive interference.




	8.

 In figure 5 above, you found the path difference (r1 - r2) = d sin Q = ml,
  where m = 0, 1, 2, 3, . . . . for constructive interference.
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(a) In Fig. 5 below, point P is a point on the screen for the mth maximum. The distance from the center of the screen to P is ym.  L is the distance of the slits to the screen. For cases in which ym is much smaller than L,  find ym in terms of m,  l,  and d.

(b) Find the distances between maxima or Dy = ym+1 - ym.

(c) Repeat (a) and (b) when point P is a point on the screen for the mth minimum.



	*9.

(a) Use Fig. 4a above to show that in general the square of the resultant amplitude A2 = 4Ao2 cos2 DF/2.  Hint: Find the components of A1 along the X and Y-axes and then the X and Y components of the resultant A of A1 and A2. Use the trigonometric identity cos2 DF/2 = 1/2 + 1/2 cos DF.

(b) The intensity I is proportional to the square of the amplitude. The resultant intensity I = 4Io cos2 DF/2, where Io is the intensity due to one source and DF/2 = pd sin Q/l.  Sketch I as a function of d sin Q.



	*10.

Three radio antennas arranged as shown in Fig. 6, emit waves of wavelength l =180 m, all in phase, with the same amplitude Ao and intensity Io. Find the intensity of the resultant waves from the three antennas at a point far from the antennas for the directions (a), (b), and (c) shown in Fig. 6 below.
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	11.

A beam of unpolarized light with an irradiance of 1000 W/m2 hits a linear polarizer whose transmission axis is vertical. The light then passes through a second linear polarizer with an orientation of 60o with the vertical. What is the irradiance of the light passed by the second polaroid?



	12.

Parallel rays of light of wavelength 655 nm fall upon a pair of slits that are 1.57 x 10-5 m apart. The interference pattern is focused on a screen 2.00 m from the slits. Find (a) the angle for the third maximum and (b) the distance of this maximum from the center of the screen.



	13.

What is the relationship between the wavelength lo in a vacuum or air and ln the wavelength of light in a medium of index of refraction n?



	14.

Discuss the difference for reflected pulses on a string when the pulse goes from (a) a less dense string to a more dense string and (b) a more dense string to a less dense string. The speed of the pulse is greater in a less dense string than it is in a more dense string.



	15.

Light of wavelength l = 500 nm is incident upon a double-slit arrangement in which the distance between the slits d = 1.00 x 10-3 m. On a screen a distance L = 1.00 m from the slits, a bright line is observed at ym = 1.50 mm from the center of the screen. What bright line is this, or in other words, what is the value of m?




SOLUTIONS:

	1.
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a. The concentric circles are cross-sections of spherical wave fronts that pass through the crests of the waves. The distance between crests equals one wavelength l.

b. The distance SP is from one crest to another or l.

c. The distance SP’ is 2l.

d. The distance SP” is 5l.

e. The distance between a crest and a trough is l/2. The wavefronts through troughs would be spheres halfway between the spheres that represent the wavefronts through the crests. In the figure you would represent their cross-sections with circles.



	

	2.
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a. Counting the number of crests from S1 to P you find S1P = 8l.

b. Counting the number of crests from S2P = 7l.

c. The path difference S1P - S2P = l.

d. For a path difference of an integral number of wavelengths, there will be constructive interference.



	3.

Frequency f is the number of oscillations of the source of the wave per second, wavelength l is the distance traveled by the wave in one complete oscillation of the source and velocity is the distance traveled by the wave in one second.

number of oscillations
x

distance traveled
=
distance traveled
second

oscillation

second

f

x



=
v



	4.

For the first minimum, the path difference = l/2 = (10 - 8)ft = 2 ft and the wavelength l= 4 ft. The speed of sound v = lf = (4 ft)(275 s-1) = 11 x 102 ft/s.



	5.

5 
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a. For a maximum the path difference equals an integral number of wavelengths, l, 2l, 3l, . . .  S1P = ml, where m = 0, 1, 2, 3, . . . . 

b. In triangle BS1S2 of Fig. 3 above, sin Q = S1B/d = ml/d,
or ml = d sin Q for a maximum.

c. For a minimum the path difference equals l/2, 3l/2, 5l/2, . . .
S1P = (m + 1/2)l, where m = 0, 1, 2, 3, . . . . 

In triangle BS1S2,  sin Q = S1B/a = (m + 1/2)l/d,
or m(1 + 1/2)l = d sin Q for a minimum.



	6.
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For Fig. 4b above, 

a. The resultant amplitude A = A1 + A2 = 2Ao,  where A1 = A2 = Ao. 

b. The phase difference = 0, 2p, 3p, . . . or  DF = 2mp,
m = 0, 1, 2, 3, . . . 

For Fig. 4c above, 

a. The resultant amplitude A = A1 - A2 = 0,  where A1 = A2 = Ao. 

b. The phase difference = p, 3p, 5p, . . . or  DF = 2p(m + 1/2),
m = 0, 1, 2, 3, . . .



	7.

DF = 2p(r1 - r2)/l = 2p (path difference)/l. 

a. For constructive interference, DF= 2pm = 2p (r1 - r2)/l
or path difference = (r1 - r2) = ml,  m = 0, 1, 2, 3, . . . 

b. For destructive interference, DF= 2p (1 + 1/2)m = 2p (r1 - r2)/l
or path difference = (r1 - r2) = m(1 + 1/2)l,  m = 0, 1, 2, 3, . . .

8 



	8.
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In Fig. 5 above, sin Q= ym/(L2 + ym2)1/2 ≈ ym/L = tan Q for small Q. 

a. For constructive interference sin Q = ml/d ≈ ym/L.
Dropping the approximate sign,  ym = mlL/d.

b. Dy = ym+1 - ym = (m + 1)lL/d - mlL/a = lL/d.

c. For destructive interference sin Q = (m + 1/2)l/d ≈ ym/L.

a. ym = (m + 1/2)lL/d.

b. (b) Dy = ym+1 - ym = (m + 1 + 1/2)lL/d - (m + 1/2)lL/d = lL/d.



	9.

From Fig. 4a below, Ax = A2 + A1 cos DF.   Ay = A1 sin DF. 
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a. A2 = [(A2 + A1 cos DF)2 + (A1 sin DF)2]
A2 = A22 + 2A2A1 cos DF + A12 cos2 DF+ A12 sin2 DF
A2 = A22 + 2A2A1 cos DF + A12 = 2Ao2(1 + cos DF)
A2 = 2Ao2(2 cos2 DF/2)
A2 = 4Ao2 cos2 DF/2.

b. I/Io = (A/Ao)2 = 4 cos2 DF/2.   I = Io cos2 DF/2,
where DF/2= pd sin Q/l.
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	10.
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a. For direction (a) the waves from each antenna travel the same distance to a distant point. The path difference and the phase difference are zero.
A = 3Ao  and  I = 9Io.  Fig. for 10(a)

b. For direction (b) the path difference between the wave from antenna 2 and 3 is 90 m sin 30o = 45 m = l/4.
DF = 2p(path difference)/l= 2p(l/4)/l= p/2. The path difference between antenna 1 and 3 is 180 m sin 30o = 90 m = l/2.
DF= p.  A = A2 = Ao.  I = Io.  Fig. for 10(b)

c. For direction (c), the path difference between the wave from antenna 2 and 3 is 90 m = l/2.
DF =2p(path difference)/l= 2p(l/2)/l= p. The path difference between antenna 1 and 3 is 180 m = l.
DF= 2p.  A = A3 - A2 + A1 = Ao.  I = Io.  Fig. for 10(c)



	11.
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When the unpolarized light goes through the first polarizer, its irradiance drops by a factor of two.  With Io = 1000 W/m2,  I1 = 500 W/m2.  When it passes through the second polaroid, I2 = I1 cos2 60o = 500 W/m2 (1/4) = 125 W/m2.



	12.
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a. For constructive interference ml = d sin Qm,  where m is an integer
= 0, 1, 2, 3 . . . .,  l is the wavelength of the light, d is the distance between the sources or slits, and Qm is the angle for the mth maximum. Thus sin Q3 = ml/d = 3(656 x 10-9 m)/(1.57 x 10-5 m) = 0.125.  Q3 = 7.2o. 

b. For small angles sin Q ≈ tan Q ≈ y/L. 
Thus y3 ≈ LQ3 = 2.00 m(0.125) = 0.25 m.



	13.

In general, lo = c/f, where f is the frequency of the light and lo and c are the wavelength and the speed of light in a vacuum or approximately in air, respectively. The frequency is a property of the source and not of the medium. When a wave enters a different medium, its wavelength and speed change, but its frequency remains the same. For a film with index of refraction n, the wavelength ln = v/f = (c/n)/f = (c/f)(1/n) = lo/n, since n = c/v  or  v = c/n.



	14.




[image: image87.png]interface.

e T
[P
—_— e

@
Fig ror #14




When a pulse goes from a less to denser medium, the reflected wave experiences a 180o or p phase change. When it goes from a more to less dense medium, there is no change of phase for the reflected wave. (Fig. for #14). From a crest to a trough is a distance of l/2. A change of phase of 180o or p is equivalent to a path difference of l/2. Notice that there is never a change of phase for the transmitted ray at an interface. The speed of light is greatest in a vacuum or approximately air with index of refraction n = 1 = c/v. The higher the index of refraction, the smaller the speed in the medium. When light goes from medium 1 to medium 2, the reflected ray will experience a phase change of p if n2 > n1.  There will be no phase change if n2 < n1.



	15.

ym = mlL/d  or
m = ymd/Ll= (1.50 x 10-3 m)(1.00 x 10-3 m)/(1.00 m)(500 x 10-9 m) = 3.




 SECTION B

	1.

	Light from a point object O in Fig. 4 below hits the mirror MM’. Draw one incident ray from the object that hits the mirror normally and its reflected ray. Draw another incident ray with an angle of incidence of about 20o and its reflected ray. Since we think of light as coming from rays diverging from an object, it appears that the reflected light comes from a point behind the mirror. Dash the reflected rays behind the mirror until they meet and label this point I for image. Compare the distances of O and I from the mirror.
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	2.

A light beam is incident upon a parallel glass plate, as shown in Fig. 5 below. Find the angle of (a) refraction at the first glass surface, (b) incidence at the lower glass-air surface, (c) refraction as the ray goes from glass to air. Use these angles to trace the path of the ray from air to glass and then from glass to air.
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	3.

A beam of light of wavelength l is incident from air upon the prism (n = 1.532) of Fig. 6 below at an angle of 50o. Find the angle of (a) refraction as the light enters the prism, (b) the angle of incidence at the other side of the prism, and (c) the angle of as the ray passes from glass to air. Use these angles to trace the path of the ray from air to glass and then from glass to air. (d) If light of wavelength l’ > l for which its index of refraction n’ is less than n, compare its path into and through the prism with that of the path for the light of wavelength l.
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	4.

Light is incident from a medium ni at an angle of 48.6o as shown in Fig. 7 below. What is (a) the angle of refraction in air and (b) the index of refraction ni of the medium? (c) The angle of incidence is now increased to 60o. Using Snell's law and the ni you found in part (b), find the sine of the new angle of refraction. This is impossible. What happens?
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	5.

As shown in Fig. 8 below, a light ray is incident normally on one face of
a 30o-60o-90o dense flint (n = 1.655) prism that is immersed in water
(n = 1.333). (a) Determine the exit angle Q4 of the ray. (b) A substance is dissolved in the water to increase the index of refraction. At what value of n of the mixture will total internal reflection cease at point P?
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	6.

A cylindrical tank with an open top has a diameter of 3.0 m and is completely filled with water. When the setting sun reaches an angle of 28o above the horizon, sunlight ceases to illuminate the bottom of the tank. How deep is the tank?



	7.

A microscope is focused on a small scratch on the top surface of a glass slide. When a cover slip with a thickness of 500 µm is placed on the slide, the microscope must be raised by 120 µm to bring the scratch back into focus. What is the index of refraction of the cover slip? Assume that all rays entering the microscope make small angles with the normal to the slide so that sin Q is approximately equal to tan Q.



	8.

A light ray is incident upon a semicircular container of water at an angle of 53o as shown in Fig.9 below. The index of refraction of water is 4/3. Trace the path of the ray through the water and out into the air, labeling angles of incidence and refraction. Ignore any refraction at the surface of the container.
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	9.

A ray of light is incident normally on one face of a triangular prism of glass as shown in Fig. 10 below. The light is totally internally reflected inside the prism. (a) What is the minimum index of refraction of the prism that will cause all the light entering the prism to emerge as shown? (b) If the index of refraction is too small, some light will be refracted at the diagonal face. Which path (1, 2, or 3 of Fig. 10) will it follow? Explain your answer.
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	10.

A thin converging lens has a focal length of 10 cm. Find by (i) calculation and (ii) construction of a ray diagram the position of the image of an object for the object distance so equal to (a) 30 cm, (b) 15 cm, and (c) 5.0 cm. Also find the magnification for each case. Describe whether the image is real or imaginary, erect or inverted, magnified or diminished.



	11.

A thin diverging lens has a focal length of 10 cm. Find by (i) calculation and (ii) construction of a ray diagram the position of the image of an object for object distance equal to (a) 30 cm and (b) 4 cm. Also find the magnification for each case. Describe whether the image is real or imaginary, erect or inverted, magnified or diminished in size.



	12.

An object 1.0 cm high is 100 cm from a converging lens. The inverted image is 3.0 cm high. Find the focal length of the lens.



	13.

When a person holds a magnifying glass 8.0 cm away from an object that is 2.0 cm wide, she sees a virtual image of the object, which is 6.0 cm wide. What is the focal length of the magnifying glass?



	14.

A projector forms an image of a 5.0 cm x 5.0 cm slide on a screen. If the image is 95.0 cm on a side and the distance from the slide to the screen is 4.00 m, what is the focal length of the projector's lens?



	15.

When an object is placed 12 cm to the left of a lens, a virtual image is formed 6.0 cm from the lens on the same side as the object. What is the focal length of the lens? Is it a converging or a diverging lens?



	16.

The objective and the eyepiece of a microscope each have a focal length of 2.0 cm. If an object is placed 2.2 cm from the objective, calculate (a) the distance between the lenses when the microscope is adjusted for minimum eyestrain and (b) the magnification of the microscope.



	17.

A comet-seeker's telescope has an objective lens of focal length 40 cm and an eyepiece of power 30 diopters. What is the magnifying power of the microscope?



	18.

Find by calculation and construction of ray diagrams the image of a concave mirror of focal length 10 cm when so is (a) 30 cm and (b) 5 cm. Find the magnification and classification of the image for both cases.



	19.

Rays parallel to the principal axis of a converging lens and concave mirror pass through the lens and are reflected by the mirror, which is to the right of the lens. If the distance between the lens and mirror is (f1 + f2), where f1 and f2 are the focal lengths of the lens and mirror, respectively, locate the final image. The incident light is incident from the left of the lens.



	20.

Two converging lenses, both of focal length 10 cm, are separated by 20 cm. An object is 15 cm to the left of the first lens. Find by calculation and construction of a ray diagram the position of the image. Find the magnification of the image and describe whether it is real or imaginary, erect or inverted, magnified or diminished.



	21.

A double convex lens with equal curvature radii of 38-cm is made from glass with indices of refraction of 1.51 for red light and 1.54 for blue light. If a point source of white light is place on the lens axis at 95 cm from the lens, over what range will its visible image be smeared?



	22.

A person has a far point at 4.0 m. Describe the lens that will correct this defect.



	23.

A person has a near point at 1.25 m. Describe the lens that will correct this defect




SOLUTIONS:

	1.
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Ray 1, designated by one arrow, hits the mirror normally and is reflected back on itself, as shown in Fig. 4.

Ray 2, designated by two arrows hits the mirror at some angle of incident greater than zero and is reflected back at the same angle. If you dash the reflected rays behind the mirror, you see that they meet at a point that I have labeled I for image.

The big eye seen at the top of the figure sees the two reflected rays as though they have originated at the image. In other words, if you sight along the two reflected rays they appear to have come from the image. This image is called a virtual image because the rays do not actually meet at that point.

The distance of the object O from the mirror,  so ,  is called the object distance and the distance of the image I from the mirror,  si ,  is called the image distance. If you measure them or use geometry to calculate the distance si, you find that si equals so for a plane mirror.

By geometry, 
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M1OM2 = Qi  (alternate interior angles),
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OIM2 = Qr  (two parallel lines crossed by a line),

and the angle of incidence = the angle of reflection.
Triangles OM1M2 and IM1M2 are congruent (all angles are equal and they have a common side).
Thus,  so = si.




	

	2.
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Using Snell's law to find the angle of refraction, 1.00 sin 37o = 1.50 sin Qt.
Qt = 23.6o.

The angle of transmission and the angle of incidence on the interface between the glass and the air are equal (a line cut by two parallel lines). Since Qi = 23.6o at the glass-air interface = Qt at the initial air-glass interface, the angle of refraction at the glass-air interface is 37o from Snell's law.

I have dashed the incident ray to show you that for a parallel plate, the refracted beam is parallel to the incident beam. This tells you that for a very thin parallel plate, the incident beam passes through without any deviation, as with a thin lens.




	3.
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Using Snell's law, 

    ni sin Qi = nt sin Qt.

At first interface, 

1(sin 50o) = 1.532 sin Qt
sin Qt = 0.766/1.532 = 0.500.   Qt = 30o.

At the second interface, as the light ray is going from the glass back into the air, Q’i = 30o .  Now Q’t = 50o. The path of the ray is shown in Fig. 6 above.

For 1 sin 50o = n’ sin Qt , with n’ less than 1.532, Qt’ would be greater than 30o. The light for l’ would be bent less toward the normal. When the ray goes from the prism back into the air, n’ sin Q'i = 1 (sin Q’t) and the light ray would be bent less away from the normal than the light for l. The overall effect is that the light of wavelength l’ has a smaller deflection from the original direction of the incident beam than light of wavelength l.




	4.
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a. The angle of refraction Qt = 90o.

b.      ni sin Qi = nt sin Qt
ni sin 48.6o = 1.00 (sin 90o)
ni = 1/0.750 = 4/3

c. For Qi = 60o,  4/3 sin 60o = (1.00) sin Qt.
sin Qt = 4/3 (0.866) = 1.15, which is not possible because the maximum value of a sine is 1. What happens is that the ray is totally internally reflected as shown in Fig. 7 above with the rays with two arrows.



	5.
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a. From the geometry of the prism, we see that Q1 = 60o and Q3 = 30o.
(In triangle PBN, there are 180o = (30o + 30o + 90o + Q3).
From Snell's law, 

     1.655 sin Q3 = 1.333 sin Q4
(1.655)(0.5000) = 1.333 sin Q4
Q4 = 38.4o.

b. Total internal reflection occurs when 1.655 sin Q1 > nmix sin 90o.
Total internal reflection ceases when 1.655 sin 60o = nmix sin 90o = (nmix)(1).   nmix = 1.655 (0.866) = 1.433.



	6.
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ni sin Q1 = nt sin Qt.   Qi = 90o - 28o = 62o.
1.00 sin 62o = 1.33 sinQt.
sinQt = 1.00(0.883)/1.33 = 0.664.
Qt = 41.6o.   tan Qt = 0.888 = 3.0 m/h.
h = 3.38 m.




	7.
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Ray 1 (indicated with one arrow in Fig. for #10) from the scratch at O hits the surface of the slip normally at an angle of incidence of 0o and continues into the air with no refraction.

Ray 2, (indicated with two arrows) is incident upon the surface of the slip at angle Qi and transmitted at angle Qt. The camera or an eye sees these two rays as though they had diverged from the image I.

From the geometry of the figure, we see that tan Qt = x/d’ and tan Qi = x/d.

From Snell's law, 

ni sin Qi = nt sin Qt.

For sin Q approximately equal to tan Q, Snell's law becomes 

ni tan Qi = nt tan Qt.

Or,  since tan Qt = x/d’  and  tan Qi = x/d,  ni x/d = nt x/d’.
Thus,  ni/nt = d/d’.

Putting in nt =1.00, d = 500 µm, and d’ = 500 µm - 120 µm = 380 µm,
ni /1 = 500 µm/380 µm = 1.32.




	8.
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ni sin Qi = nt sin Qt.  For the ray incident at the top of the semicircle (Fig. 9),
ni = 1,  nt = 4/3,  and Qi = 53o.

From Snell's law, 

(1) sin 53o = 4/3 sin Qt   or
(1)(4/5) = 4/3 sin Qt,
sin Qt = 3/5  and  Qt = 37o.

The transmitted ray travels along a radius, hits the interface between "water and air" normally, and experiences no refraction as it goes into the air.




	9.
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a. From the geometry of Fig. 10 above, the angle of incidence at the interface between the prism and air is 45o. For a minimum index of refraction np of the prism,  np sin 45o = nair sin 90o  or  np = 1/sin 45o = 1.41.

b. If the index of refraction is too small, the refracted ray will be #3 since it bends away from the normal. Ray 1 is the normal and Ray 2 bends toward the normal.


	10.
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a. 1/si = 1/f - 1/so = 1/10 cm - 1/30 cm = (3 - 1)/30 cm.
si = 15 cm.
m = -si/so = -15 cm/30 cm = -1/2.
The image is real, inverted, and diminished in size.

b. 1/si = 1/f - 1/so = 1/10 cm - 1/15 cm = (3 - 2)/30cm.
si = 30 cm.
m = -si/so = -30 cm/15 cm = -2. 
The image is real, inverted, and enlarged in size.

c. 1/si = 1/f - 1/so = 1/10 cm - 1/5 cm = (1 - 2)/10 cm.
si = -10 cm.
m = -si/so = +10 cm/5 cm = +2.
The image is virtual, erect, and enlarged in size.


	11.
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a. 1/si = 1/f -1/so = 1/10 cm -1/30 cm = - (3 + 1)/30 cm.
sI = -7.5 cm.
m = -si/so = - (-7.5 cm)/20 cm = +0.25.
Image is virtual, erect, diminished.

b. 1/si = 1/f -1/so = 1/10 cm -1/5 cm = - (1 + 2)/10 cm.
sI = -10/3 cm.
m = -si/so = - (-10/3 cm)/5 cm = +2/3.
Image is virtual, erect, diminished.  See ray diagram in figure above.



	12.

With a single converging lens, a virtual image is never inverted, so the image in this problem must be real.

The magnitude of the magnification = 3.0 cm/1.0 cm = si/so   or
si/100 cm = 3  and  si = +300 cm since it is a real image.   1/so + 1/si =
1/100 cm + 1/300 cm = 4/300 cm = 1/f.   f = 75 cm.




	13.

6.0 cm/2.0 cm = si/so = si/8.0 cm or the magnitude of si = 24 cm.
Since it is a virtual image, we take si = -24 cm.
1/so + 1/si = 1/8.0 cm - 1/24 cm = (3 - 1)/24 cm = 1/12 cm = 1/f.
f = 12 cm.




	14.

Magnitude of the magnification = 95/5 =19 = si/so  or  19so = si    (Equation 1)

For the projector, the image is real.  so + si = 4.00 m = 400 cm.     (Equation 2)

Substituting Eq. 1 into Eq. 2:
so + 19 so = 20 so = 400 cm.
so = 20 cm;  si = 380 cm.
1/so + 1/si = 1/20 cm + 1/380 cm = 20/380 cm = 1/f.
f = 19 cm.




	15.

For virtual image, si < 0.  1/so + 1/si = 1/12 cm - 1/6 cm = -1/12 cm = 1/f.
f = -12 cm.  f is negative, which corresponds to a diverging lens.




	16.
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a. Calculate the position of the first image.
1/si1 = 1/f1 - 1/so1 = 1/2.0cm - 1/2.2cm.   si1 = 22 cm.

For minimum eyestrain, the eyepiece is adjusted so that parallel rays emerge, and hence this image is at the focal point of the eyepiece (Fig. for #19). The total separation of the lenses is 22 cm + 2 cm = 24 cm.

b. If the object's size is y, the real image formed at F2 is y’ = y(si1/so1)
= y(22 cm/2.2 cm) = 10y. Since the eyepiece is adjusted for minimum eyestrain, its magnifying power is given by 25/f = 25/2 = 12.5. The over-all magnifying power of the instrument is the product of the two magnifications = M = (10)(12.5) = 125.



	17.

First find the two focal lengths in meters.
fo = 40 cm = 0.40 m 1/fe = 50 D = 50 m-1.
fe = 1/50m = 0.02 m.
M = fo/fe = 0.40/0.02 = 20.
This is a low-power telescope, which is desirable when a large area of the sky is to be scanned.



	18.
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a. 1/si = 1/f - 1/so = 1/10cm - 1/30cm = (3 - 1)/30cm.
si = 15 cm
m = - si/so = -15/30 = -1/2.
Image is real, inverted, and diminished.

b. 1/si = 1/f - 1/so = 1/10cm - 1/5cm = (1 - 2)/10cm.
si = -10 cm.
m = - si/so = - (-10cm)/5cm= + 2.
Image is virtual, erect, and enlarged.

In the ray diagrams for the concave mirror, (1) a ray drawn parallel to the principal axis is reflected back through the focal point, (2) a ray drawn through the center of curvature hits the mirror normally (angle of incidence = 0) and is reflected back on itself (angle of reflection = 0), and (3) a ray drawn through the focal point is reflected back parallel to the principal axis.


	19.
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In the figure above, parallel rays incident on the converging lens pass through its focal point F’1 and the focal point F2 of the concave mirror, hit the mirror, and are reflected back parallel to the principal axis. After returning through the converging lens they pass through its focal point at F1.




	

	20.
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For the first image, 1/si1 = 1/f1 - 1/so1 = 1/10cm - 1/15cm = (3 - 2)/30cm
= 1/30cm.  si1 = 30 cm.  With a distance of 30 cm from the first lens and a lens separation of 20 cm, the image of the first lens (had the second lens not been there) would be formed 10 cm to the right of the second lens. We say this object distance for the second lens is virtual and designate this by taking so2 = -10cm. Then 1/si2 = 1/f2 - 1/so2 = 1/10cm - (-1/10cm) = 2/10 cm, or si2 = 5 cm to the right of the second lens. For the first lens, m1 = - si1/so1 = - 30/15 = - 2. For the second lens, m2 = - si2/so2 = - 5/(-10) = +1/2. Total magnification = m1m2 =(-2)(1/2) = - 1.

In Fig. for #24 above, ray 2 is drawn from the top of the object at O’ through the center of the lens. Ray 3 is drawn through the focal point of the first lens F1 and is refracted through the first lens parallel to the principal axis. If the second lens had not been there, these two rays would meet at the top of the first image I’1. Any other ray that starts from O’ will also be refracted through the first lens to arrive at I’1. Ray 4 in Fig. for #24 that passes through the center of the second lens will continue there even with the second lens. (You draw it backwards. Starting at I’1 draw a line that passes through the center of the second lens until it hits the axis of the first lens. Then draw a line from O’ to the point where it hits the axis of the first lens.) Ray 3 that arrives at the second lens parallel to the principal axis will be refracted through the focal point of the second lens. Rays three and four meet at the top of the second image at I’2. Thus the second image appears as shown in Fig. for #24 as  I2I’2.  The final image is real (note si2 > 0), inverted (first lens inverted the image, but second lens did not invert that image), so the final image is the inverted and the same size as the original object (m1m2) = - 1.




	21.

1/fred = (n – 1)(1/R1 + 1/R2) = (1.51 – 1)(1/38 cm + 1/38 cm) = 0.0268 cm-1
1/f – 1/so = 0.0268 cm-1 – 1/95 cm = 1/si = 0.0163 cm-1.  si = 61.3 cm.

1/fblue = (n – 1)(1/R1 + 1/R2) = (1.54 – 1)(1/38 cm + 1/38 cm) = 0.0284 cm-1
1/f – 1/so = 0.0284 cm-1 – 1/95 cm = 1/si = 0.0179 cm-1.  si = 55.9 cm.

You can buy a camera with an acromatic lens that corrects for the variation in the index of refraction with color. This problem shows the cost may be worth it.




	22.

Since we want the farthest point for the eye to be at infinity, we take so equal to  ∞.  Because we need these rays to appear to come from 4.0 m, the far point, we take si to be - 4.0 m. The image distance is negative because the rays do not really meet there, but appear to the eye to come from there.

1/so + 1/si = 1/∞ + -1/4.0m = 1/f.   f = - 4.0m.  Diopters = 1/f = - 0.25 D.




	23.

Now we want the rays to appear to come from 1.25 m when we place an object at the accepted near point of 0.25 m.

so = 0.25 m and the virtual image position si = - 1.25m.
1/so + 1/si = 1/0.25m + -1/1.25m = 1/f.
f = +0.312 m.   Diopters = +3.2 m-1 = + 3.2 D.





UNIT -7


Dual Nature of  Matter& Radiation
Photo electric effect:- It is the phenomenon of emission of electrons from the surfaces of certain substances , mainly metals when light of shorter wave length is incident upon them:-

(a)
Effect of collector’s potential on photo-electric current:-

(i)
Photoelectric current increases with increase in potential but it attains a saturation value.

(ii)
Saturation current depends upon the intensity of incident light.

(iii)
Stopping potential; is independent of intensity of light.

(b)
Effect of intensity of light:-Photoelectric current varies directly as the intensity of incident light.

(c)
Effect of frequency of light 

(i)
Stopping potential depends upon the frequency of incident light.

(ii)
Saturation current is independent of frequency.

(d)
Threshold frequency:- It is the minimum frequency of incident light ray capable of producing Photoelectric effect.

(e)
Einstein’s equation of photo electric effect:-

          1/2mv2 max = hѵ – hѵ0 
Matter waves:- A moving particle have wave associated with it . the wave is called de-broglie and its wave length λ is given by:-              λ= h/mv

Where h= Plank’s constant

             M = mass of particle 

             V = velocity of particle

Application of de Broglie wave length is:-

(i)
Electron microscope 

(ii)
Quantisation of orbits

De-broglie wavelength for electron:-

                     λ=12.27/v1/2 A0 

Davisson and Germer experiment:-
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We know  λ= h/p = h/mv

M= h/λv            (i)

For electron me= h/λe ve       (ii)

From (i) )& (ii)

M= me(λe /λ X ve   /v)

M=(9.11*10-31 kg)*(1/3)*(1/1.813)*10-4 
= 1.675*10-27  Kg.


Particles with this mass may be a protron or neutron 

Question with answer
Q1. What happens to the photons when intensity of light increases, according to the quantum theory?
Ans . Number of photons increases.

Q2. Will the emission of electron be possible, if two photons each of  energy 2.5ev strike an electron of copper &  Work function of copper is 4ev .?

Ans. No, not possible.
Q3. Two metals A & B have work function 2ev & 4ev respectively, which metal has a lower threshold wave length for photo electric effect?

Ans. Ф0  = hѵ0  = hc/λ0 , λ0 α 1/ Ф0,  so the metal B has lower threshold wavelength.

Q4. Write the dimensional formula of h/mv?

Ans.[M0  L T0]

Q5. Maximum K.E. of electrons emitted increases or decreases  with the increasing work function of metals? 

Ans. Maximum K.E of electron decrease with the increasing work function of metal.

Q6.derive an expression for the de Broglie wavelength of an electron moving under potential diffrrence of v volt.

Ans. Let v be the velocity acquired by an electron when accelerated througha pot. Diff.of v volts than

                    eV= ½ mv2 

where ev is the work function of electron and 

½ mv2  is gain in k.e. of electron

         V= (2 ev /m)1/2 
Suppose λ be the de Broglie wavelength associated with electron

        λ =h/mv =h/(m√2 ev /m) =12.27/√v  A0

 Q7. On the basis of Einstein photoelectric equation, explain the laws of photoelectric emission ?

Ans. do your self
Q8. Define the term threshold frequency for photoelectric effect.show graphically how stopping potentiel for a given metal varies with frequency of incidence radiation.what does this graph represent. 

Ans . see theory part
Q9.Name the device that convert changes in intensity of illumination into changes in electric current .give its three application

ANS. See photo cells 
Q10.Describe davisson and germer experiment to eastablish the wave nature of electron .Draw labelled diagram of apparatus used?



ANS. See theory part
Q11. A certain particle is moving three times as fast as electron .The ratio of de Broglie wavelength of the particle to that of the electron is 1.813X10-4 . what are the particles mass and its identity?

Ans. See theory part
Q12. Name the experiment which establishes the wave nature of a particle?

Ans. De Broglie’s hypothesis.
Q13. Show graphically how the stopping potential for a given photosensitive surface varies with the frequency of the incident radiation?

Ans.- Do Yourself!

Q14. What is the De Broglie wavelength of a 3 kg. object moving with a speed of 2 m/s?

Ans. 1.1 X 10-34m.

Q15. Find the minimum wavelength of X-rays produced by 30kV electrons?

Ans. 0.041 nm.
Q16. An α-particle and a proton are accelerated through the same potential difference. Find the ratio of velocities acquired by the two particles?

Ans. 1 : √2
Q17. A metal has a threshold wavelength of 6000Å.

Find threshold frequency?

Ans. 5 X 1014 Hz.
Q18. What is the momentum of an electron with K.E. of 120 eV?

Ans. 5.92 X 10-24 kg ms-1

Q19. Define the term:

A)
Work Function &

B)
Threshold frequency.

Ans. Refer these ques. From theory!
Q20. Explain the arrangement of Photoelectric cell?

Ans. Do yourself!

UNIT -8



ATOMS   AND   NUCLEI

VERY SHORT ANSWERS QUESTIONS (1 MARKS)

Q1 Compare the radii of two nuclei with mass nos. And 27 resp.?

Q2. . Among α, β and γ radiation, which get affected by the electric field?

Q3.Write a typical nuclear reaction in which a large amount of energy is released in the process of nuclear fission.

Q4.Give the mass no. and atomic no. of elements on the right hand side of the decay process.

                          86 Ru220          Po + He

Q5.Name the absorbing material used to control the rx rate of neutron in a nuclear reactor.

Q6.Write the SI unit for the activity of a radioactive nuclide.

Q7.If the nucleus are separated for apart from each other ,the sum of masses of all these nucleons is larger than the mass of the nucleus ,where does this mass difference come from?

Q8.The radio active isotope D-decays according to the sequence.

                 D      β           D1       α          D2
If the mass no. & atomic no. of D2 are 176 & 71 resp.

What is the i)mass no.   ii)atomic no. of D?

Q9.Write 2 property of nuclear force which distinguish it from coulomb’s force.

Q10.Calculate the ratio of energies of photons produced due to transition of electron of h atom from its i)second permitted energy label to the first level 

ii)highest permitted energy level to the second permitted level .

Q11.If speed of light were half of its present value,what had been the effect on binding energy of a nucleus?

Q12.Express 1mg mass equivalent in eV.

Q13.The half life of a substance is 8 yr.What is its decay contt.

Q14.Two nuclei have mass numbers in the ratio 1:2. What is the ratio of their nuclear densities?

Q15Define half life of a radioactive subs.Estabilish its relation with the decay contt .

Q16.Draw a plot of binding energy per nucleon as a function of mass no. for a large no. of  nuclei. Explain the energy release in the process of nuclear fission from the above plot .

Q17.How does the size of a nucleous depend on its mass no ? hence explain why the density of nuclear matter  is independent of the size of nucleus.

Q18.Explain with ex. ,whether the n-p ratio in a nucleous increase or decrease

due to β decay .

Q19.Distinguish  b/w isotopes & isobars .Give ex.

Q20.Groupthe following 6 nuclides into 3 pairs of i)isotones    ii)isotopes iii)isobars

6C12 , 2He3 , 80Hg198 , 1H3 , 79Au197, 6C12
Q21. Prove that the instantaneous rate of change of the activity of a radioactive subs. is inversely prop. to the sqr  of its half life.

Q22.What are α- particle ? In the relation X              α  +γ give the atomic no. & mass no. of  γ.

Q23.State law of radioactive decay.If N0 is the no. of radioactive nuclei at some initial time t0. Find out relation to determine the ‘N’ no. present at a subsequent time .Draw a plot of N as a function of time .

Q24.Why is the heavy water used as a maderateor in a nuclear reactor ?

Q25.Draw a graph showing the variation of potential energy b/w a pair of nucleons as a function of their  separation .Indicate the region in which the nucleus force is  i)attractive   ii)repulsive.

Q26.Show that the decay rate ‘R’ of a sample of a radioactive is related to the no. of radioactive nuclei ‘N’ at the same instant by the exp.  R=λN.

Q27.a)Draw the energy level diagram showingthe emmision of β -particles followed by γ–rays by a 6027Co nucleus .

b)Plot the distribution of K.E. of –particles & state why the energy spectrum is continuous.                       
Q28 State the laws of radioactive decay .Deduce the relation N=N0e-λt. Sketch a graph to illustrate the radioactive decay .Define half life .Q29.Define the term :  half life period & decay contt. of  a radioactive sample . Derive  the relation b/w these terms.

Q30. . A  12.1eV beam is used to bombard  gaseous hydrogen  at room temp. What  series of wavelengths will be emitted ? 

Q31. A nucleus 10 Ne23 undergoes β–decay & becomes 11Na23 .Calculate  the max K.E. of e- assuming that the daughter nucleus &  antineutrino carry negligible K.E.

Mass of 10Ne23  =33.994466U

Mass of 11Na23 =22.989770U

&1U = 931.5 MeV/c2 .

Solution  of Atom and Nuclei

Q1.R1/R2=[A1/A2]1/3=1/3[Because(1/27) 1/3=1/3]

Q2. α and β radiation

Q3.92 U235 +0N1                                 56Ba141 +1He4
Q4.86RU220                          84po216  +2he4
Q5.Cadmium

Q6.s-1

 Q7.according to E=mc 2 mass difference in nucleus remains in the form of B.E.

when neuclons are separated B.E IS CONVERTED INTO MASS.

Q8. a)A-4=176,mass no. Of D A=180

      b)Z-1=71,ATOMIC NO. OF d, Z=72

Q9. a)N force are short range attractive forces while e.force have range upto infinity and may be attractive or repulsive .

Q10.En  = -Rhe/n2 for 1 E2-1= Rhe (1/12-1/22) = 3/4Rhe 

           2. E∞-2= Rhe (1/22-1/∞)=Rhe/4

    Ratio E2-1/E∞-1=3:1

Q11. B.E .  [image: image114.png]


 C2 SO B.E. WILL BE ONE FOURTH

Q12. E=mc2 = 10-6 Kg × (3× 108)2/1.6×10-19= 5.66×1029ev.

Q13. T1/3=.693/λ  Decay constant = 0.693/8= 0.087years-1

Q14. 1:2

Q15 . Def. Of half life & expression for  T1/2
     Radioactive decay 

        Use  N=N0e-λt     ,  e  -λT=1/2

                     -λT log e= log1 -   log2

                     λT = log2

                      T= 0.693/λ

 Q16. Draw B-E/NUCLEON CURVE (Refer book)

(a heavy nucleus breaks into two lighter nuclei , then binding energy per nucleon will increase and energy will be realeased in the process)

Q17. We know that 

     R=R0A1/3,DENSITY=m/V=mA/4/3πRo3 A=3m/4Πr03

So density is independent of ‘A’.

Q18. Equation of β- decay 

   90th 234                91Pa234

n-p ratio before β decay 234-91/90=144/90=1.60

after β decay ,234-91/91=143/91=1.57

143/90<144/90,so n-p ratio decreases 

Q19. Write definition exp:isotopes 1H1 ;1H2, 1H3
         Isobars 1H3, 2He4
Q20. A)Isotones: 80 Hg 198 & 79 Au197(same neutrons) 

           B)Isotopes: 6C12   & 6C14 (same atomic no.)

           C) 2 He 3&   1 He 3 (same mass no.)

Q21. Rate of change of activity dr/dt=λ(dn/dt)=λ(-Λn)=λ2N

Q22. α particles are doubly ionised  He atoms (or nuclei of He). When a radioactive nuclide emits  an α particles, its mass no. Is reduce by 4 and at. No. By 2 ; so the atomic no. Of y is Z- 2 & mass no. (A-4)

Q23. Write radioactive decay law & dn/dt α N

       Dn/dt=-Λn

Show that log N/N0=-λt    N/N0=e-λt  => N= N0e-λt

Q24.Heavy water has negligible absorption cross section for neutrons & its mass is small ,so heavy water molecules do not absorb fast neutrons,but simply slow them 

Q25. Part AB represents repulsive force &part CD  represent attractive force 

Q26. From rutherford & soddy law , we have N=N0e-λt &     decay rate 

R= (-DN/dt)= -Nλ = {N0(-λ)e-λt}

Using (1) we get R=λN

Q28. [image: image115.png]n=3
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The energy adsorbed by ΔRhc(1/l2-1/h2)

Given  ΔE=12.1 ev ,Rhc=13.6 ev

                  →n2=3

Q29. Define: half life period & decay constant 

Establish relationship ; use formula N=N0 e-λt when t=T , N= N0/2

e-λt = 1 /2

then taking log , -λt log e2  = log 1-loge2

show that ,T= 0.6931/λ

Q31.the equation of’β’ decay of 10 Ne23 is 

  10  Ne 23                        11 Na 23+ e +K
mass difference Δm =mn(23Ne10)-mn (23Na11)-Me

Changing nueclear masses into atomic masses

Δm={m(23Ne10)-19me}-{m(23Na11)-11Me}-me

=0.004696U

Max.k.e ,Q=0.004696*931.5Mev

              =4.37Mev

UNIT -9
SOLIDS AND SEMICONDUCTOR  DEVICES
Energy bands :- In a crystal of solids , atoms are closely packed. The Energy levels get  modified due to the interactions and hence energy bands are formed.

Valance bands : It is the energy band which is filled with balance electrons.

Conduction Band : It is the energy band above valance band which is empty and 




   electron has to jump to this band before conduction starts.



For conductors     Eg  < 3eV



For insulators       Eg   > 3eV

                       For semiconductors  Eg=.7 to 1ev

Intrinsic Semi conductors : A semiconductor in pure state                                                          

       ne  = nn  = ni                  ne . nn = ni2


Extrinsic semiconductor:A semiconductor with some impurity 


Current in a semiconductor due to flow of electrons and holes.





I = ( neve + nnvn )




And conductivity σ = e( neμe +nnμn )

Doping :-The Process of adding impurity in extrinsic semiconductors to increase conductivity 

N-type semiconductor : It is obtained by doping a semiconductor with pentavalent impurities.

p-type semiconductor : It is obtained by doping a semiconductor with trivalent impurity.


For n-type 





For p-type


ne > nn





nn > ne  


Forward biasing  :  When P region of Junction diode is connected to +ive terminal and n region is connected with –ive terminal of battery the junction is said to be forward biasing. 

Reversre biasing : p region of junction diode is connected to –ive terminal and +ive  terminal with negative terminal the junction is said to be reverse  biasing. 

Resistance of PN junction in reverse biased is very large in comparison to that when it is in forward biased.

RECTIFIER: The conversion of AC into DC is called rectification and PN Juntion diode is rectifier 

cercuit diagram of half wave rectifier :-- [image: image116.png]..... a4 A
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Circuit diagram of Full wave rectifier :
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Output of full wave rectifier is not constant d.c. but pulsating d.c.

Zener Diode  : Designed to operate at reserve – break down voltage. It is used to 



     supply constant output voltage.
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npn transistor : Narrow layer of p-type semi-conductor is sandwiched between two   relatively wide section of n-type semiconductors. 

                                                   [image: image120.png]nPn




Pnp transistor:  Narrow layer of n-type semi-conductor is sandwiched between two   relatively wide section of p-type semiconductors. 

[image: image121.png]



In transitor emitter base junction is always forward biased while collector base junction is always reverse bias.






Ie  =  Ib  +  Ic

Circuit diagram of npn transistor as common emmiter amplifier.
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Gain = output / input

 Circuit diagram of transistor as switch :
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Transistor as an   oscillator :
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LOGIC GATE – It is a digital circuit which either allows or stops a signal , according 




to some logical conditions.

Basic Gates – 1) AND Gate
2) OR Gate     3) NOT Gate

3)NOT Gate

a)
Symbol 

   b)Truth table

	A
	Y

	0

1
	1

0


2)
OR Gate

a)
Symbol 

      b) Bollean Expression 

	A+B = Y


c)
Truth table

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	0

1

1

1


1)AND 

a)Symbol  

 b) Bollean Expression 

              A.B = Y

c) Truth Table 

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	0

0

0

1


Combination of gates –

1)
NAND 

a)
Circuit 
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b)
Symbol
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Truth table

	A
	B


	Y’


	Y



	0

0
	0

0
	0

1
	1

1

	0

1

1
	1

0

1
	0

0

1
	1

1

0




      2)NOR Gate

a)
Circuit
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b)Symbol
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           c) Truth table

	A
	B


	Y’


	Y



	0

0

1

1
	0

1

0

1
	0

1

1

1
	1

0

0

0




  Circiut Diagram of Zener diode as Voltage Regulator :
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1.
. A semiconductor has equal electron and holes concentration 6 x 108 m-3. on doping with a certain impurity electron concentration increases to  8 x 1012 m-3.Identify the type of semiconductor after doping.

2.
 Give the ratio of the number of holes and no. of conduction electrons in an intrinsic semiconductor.

3. What is the phase relationship between collector and base voltages in common emitter configuration? 

4. How does the d.c.current of  gain of a transistor changes width of base 

    region increases?

5. The a.c.current gain of a transistor is 120.What is the change in the collector current  in the transistor whose base current changes by 100 μA?

6. The output of an unregulated d.c power supply is to be regulated. Name the device  that can be used for this purpose .

7. Which type of biasing gives a semiconductor diode of very high resistance ?

8.Draw voltage current characteristics of a Zener diode.

9. In the following type of circuit which one of of diode is forward bias and which one 

   is reverse bias  ?     [image: image131.png]+Tv
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1.
A semiconductor has equal electron and holes concentration 6 x 108 m-3. on doping with a certain impurity electron concentration increases to  8 x 1012 m-3.Identify the type of semiconductor after doping.

1

2.
Give the ratio of the number of holes and no. of conduction electrons in an intrinsic semiconductor.




                       1

3   How  can pure Ge be converted into (i) p-type semiconductor 
            2                                       (ii)     n-type semiconductor.

4.On what factor does the conductivity of same conductivity depend? Write its formula.









2

    5.   Draw the energy band diagram of p-type and n-type  semiconductor .


2

    6.   Explain the term depletion region and potential barrier of transistor.


3

    Hint…..

    1.
In case of Pure semiconductor

                                                          ne = nn
   2.       ne >nn             n type semiconductor.

   3. (i)  By doping trivalent impurity

        (ii) By doping penta valent impurity.

  4.  a.) No. of density of electrons and holes 

       b.) Mobility

  5. Energy band diagram.

VERY SHORT ANSWERS QUESTIONS (1 MARKS)
1. Draw the voltage current characteristics of Zener diode.



1

2. In the following type of circuit which one of of diode is forward bias and which on is

    reverse bias  ? 










1
              [image: image133.png]+Tv
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3. Which type of biasing gives a semiconductor diode of very high resitance.

1

4. What is an ideal diode ? Draw the output waveferm across the load resistance R. If the 

     input waveferm is shown in fig.







2
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5. The semiconductor materials X and Y shown in fig. as made by doping Germanium 

     crystal with Indium and Arsenic respectively. The two are joined and connected to a battery as shown -









2
                                               [image: image137.png]





6. Draw the cicuit diagram of p-n junction diode as full wave rectifier.


2

7. Expailn with the help of a circuit diagram how the thickness of depletion layer in p-n    junction diode changes when it is forward biased?




2

8.Explain (i)Forward biasing (ii)Reverse biasing of the p-n junction diode ? With the help  of circuit diagram ,explain the use of this device as a half wave rectifier.

3 

Hints……

1. [image: image138.png](9]




2. i)Forward

    ii) Reverse biasing

3.
Reverse biasing
 

4.


 [image: image139.png]



    In forward bias zero resistant and in reverse bias infinite resitance.

5.
Reverse bias.

Ge doping with Indium 

n-type

Ge doping with Arsenic 

p-type

6.
Circuit diagram.

7.
Thickness reduces

8.
p is connected with higher potential

                     Forward

n is connected with lower potential

Reverse in case of reverse biased.

Transister

1. Write the three terminals of transistor.





1

2. Draw the symbol of transistor npn.






1

3. Explain about the biasing of transistor.





1

4.Draw the circuit for common emitter confuration.



2

5.Explain current gain, voltage gain in common emitter confuration.

2

Hints…..

1.
Emitter , base , collector 

2.


.[image: image140.png]



3.
Emitter base becomes forward bias and collector base becomes in reverse bias.

4.
 

  [image: image141.png]



5.
Current gain

a) βdc   =  ΔIc / ΔIb
b) βac   =  ΔIc / ΔIb
c) Av    =  ΔV0 / ΔVi = Δ IcR0 / Δ IbRi = βac  x Rgam
Amplifier

1. What is amplifier?








1

2. What is the phase difference between input and output in common emitter amplifier?  1

3. Define Trans conductance.







1

4. The a.c. current gain in transistor is 120.What I sthe change in the collector current in 

    the transistor whose base current changes by 100μA.



1

5. Draw the circuit for npn transistor as common emitter amplifier.

2

6. The input resistance of CE amplifier is 2kΩ and current gain is 20 and load resistance is 

    5kΩ.Calculate (i)Voltage gain (ii) Trans conductance of transistor used .

Hints…

1. Amplifier- It is a device which increases the input signal.

2. 1800
3. gm = Δic / ΔVi = Δ ic/ Δib x Ri = βac / Ri

4. βac = Δ ic / Δib =  Δic = 120 x 100 μA = 1.2 x 10-2 A

5. Circuit

6. i) Av = βac x R0 / Ri = 20 x 5/2 = 50

    ii) gm = βac/ Ri = 20 / 2000 = 0.01 Ω-1

Oscilator & Switch

1.
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                In the figure , write the basing between 

(i)
emitter base

(ii)
Collector base

3.
In the following circuit , transistor used as a β = 100 . Find VCE , VBE , and VBC 

     for IC = 2mA.
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4.
Explain transistor as oscillator.

5.
Explain about function of transfer as switch.

Hints…….

1.
(i) Reverse

(ii)Forward

2.
(i) VCE = 20.2 x 10-3 x 4 x 103  = 20 – 8 = 12V
(ii) β = IC / Ib

     VBE = VBB - IbRb  = 20 -2 x 10 -5 x 2 x 105 = 16V

     (iii) VBC = 16 -12 = 4v

Concept – Gates

1.
Write the symbol for –








1

a)
OR Gate

b)
AND Gate

c)
NOT Gate

    2. Write the truth table of AND Gate.






1

    3. Name the gate which satisfies the following truth table - 



1

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	1

1

1

0


4. Identify the gate – 









2

(i)
A + B  = Y 

(ii)


   [image: image144.png]



    5. Write the truth table for the combination of gate shown in figure - 

1

                      [image: image145.png]B—





                
    6. Name the logic gate realized using p-n junction diode in given diagrams. Give its

       logic symbol.










2

          [image: image146.png]
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   7. Write the name of gates whose truth table is given below . Give its symbol.
2

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	0

0

0

1


8.  Identiyfy the logic gates X,Z in the following figure. Write down the output Z when 

     A=1 , B=1 and A=0 , B=1.







2

             [image: image148.png][23
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9.
Write the symbol of OR Gate. The signals A and B are used as two inputs of NOR 

     Gate. Sketch the output waveform. Draw its logic symbol.


3

                         [image: image149.png]



10. How NOR Gate is used as building block.





3

Hints……..

1. a) 

               [image: image150.png]



     b)

                 [image: image151.png]B—





     c) 

              [image: image152.png]



2. 

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	0

0

0

1


3.
NAND Gate

4.
(i) NOR Gate

(ii)NAND Gate

     5.  

	A
	B


	Y’


	Y



	0

0

1

1
	0

1

0

1
	0

0

0

1
	1

1

1

0




      6.  OR Gate

      7.  AND Gate  
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	A
	B


	X=A.B


	A+X=Z



	0

0

1

1
	0

1

0

1
	0

0

0

1
	0

0

1

1




     8. X – AND               Z – OR

9.
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              Symbol

	A
	B
	Y

	0

0

1

1
	0

1

0

1
	0

0

0

1


                                        Truth table 
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 Unit 10



Communication Systems  

CONTENTS:

Elements of a communication system (block diagram only); bandwidth of signals (speech, TV

and digital data); bandwidth of transmission medium. Propagation of electromagnetic waves in

the atmosphere, sky and space wave propagation. Need for modulation. Production and detection

of an amplitude-modulated wave.

Introduction:
        Transferring of messages from one place to another place is called communication. That is the message sending from one place is received by another place. The elements used in communication system make communication simpler and faster. There are three elements are available in communication system.Elements of communication system are

· Transmitter

· Transmission channel

· Receiver

Elements of Communication:

Elements of communication system:
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Transmitter: 
        The device which is used to convert the information into another signal which is capable of passing on to a suitable medium is called transmitter. The information signal involves modulation and coding.

Transmission channel: 
        The medium which carriers the information signal is called transmission channel. This channel is used for sending the information from one place to another place.

Some of transmission channels are:

· Couple of wires

· Radio wave

· Laser beam

        While transmission each transmission channel produces some loss of energy. It is because when the distance increases cause the decrease in energy.

Receiver: 

        The device which converts the suitable information into original message is called receiver. The receiver gets information produced by the transmitter and produce the actual data.

Some operations performed by receiver are:

· Amplification of signal

· Demodulation

· Decoding

        The decoding is the reversing process performed by transmitter.

Possibilities of Communication System:

Possibilities of communication system:
· When the speaker and the listener are close

· When the speaker and the listener are at a few distance

· When the speaker and the listener are at a large distance

When a speaker and a listener are in close:
        In this case the speaker and listener are at very minimum distance. When a speaker talking the information signal is passed through a transmission medium and then reaches the receiver. Here the transmission medium is air.

When a speaker and listener are at a distance of few kilometers:
        If the speaker and the listener are separated by the few kilometers then the signal produced by the speaker is not reached the listener. In this case the sending signal should be converted into electrical signal and passes through the transmission medium such as wires.

When the speaker and the listener are at large distance: 
        In this case the wires cannot be useful. In this situation the sending signal is first converted into electrical signal and the power is increased with the help of amplifiers. Finally the amplified signal is allowed to radiate with the antenna. The antenna which is in the receiver side get the electrical signal and fed it to the amplifier. Then at last the loudspeaker converts the electrical signal to sound signal which is received by the receiver.
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Introduction to digital communication:
            A digital communication system offers many advantages to the user that cannot be achieved with an analog system. Digital communications may make use of analog link and concepts.A digital system is a more general case of a binary system. In binary system, only two signal values can exist. They are often called 0 and 1, but these names specific some voltages.

Digital Communication:

           The term data is generally used in digital communication systems. Data is any form of information that has been put into digital form, so that it can be handled by a digital system. The data itself is measured as bit. (Bit is a contraction of the term ‘binary digit’)

           The advantages of the binary signals are easy to generate and process with digital circuits. These digital circuits are available in the IC form and can generate process digital at high speeds.

Advantages of Digital Communication:

Let us see some advantages below:
1. Digital communication is fast and easier.

2. The transmission quality is very high and almost independent of the distance among the terminals.

3. We can increase the capacity for transmission system.

4. The newer types of transmission media such as light beams optical fibers and wave guides operating in the microwave frequency extensively use digital communication.

5. Consistent communication: Very less sensitivity to changes in environmental conditions (temperature and so on.)

KEY POINTS ABOUT COMMUNICATION:

Communication
· A communication system acts as a messenger. It consists of a transmitter, communication channel and a receiver. The message signal or information is mounted on the carrier wave suitably. This is called modulation. 

· Modulation is the phenomenon of superimposing the audio frequency signals (called the modulating signals) on a radio frequency carrier wave. A carrier wave is represented by the equation 

ve = vc sin (sin wct + f) 
Here ve is instantaneous voltage at time t. vc is maximum voltage, wc is angular frequency and f is phase angle with respect to some reference. 

· Amplitude modulation is the process of changing the amplitude of a carrier wave in accordance with the amplitude of the audio frequency (AF) signal. 
Voltage equation is 
[image: image158.png](Vg + Vi SiNQ )
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ct 
here vm = Instaneous voltage of modulating & wm = angular frequency of modulating frequency fm. 

· Frequency Modulation (FM) is the process of changing the frequency of a carrier wave in accordance with the audio frequency signal. 
Deviation in frequency 
[image: image160.png]
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Here f = Instantaneous frequency of the FM wave at time t. 
fc = constant frequency of the carrier wave. 

· Pulse Modulation 

Here the carrier wave is in the form of pulses. 
(i) Pulse amplitude modulation (PAM) 
(ii) Pulse width modulation (PWM)
(iii) Pulse position modulation (PPM) 

· Demodulation is the process of extracting the audio signal from the modulated wave. 
Note: A diode can be used to detect or demodulate an amplitude modulated (AM) wave. A diode basically acts as a rectifier i.e., it reduces the modulated carrier wave into positive envelope only. 
· Space Communication is the communication process utilizing the physical space around the earth. 

· Electromagnetic waves which are used in Radio, Television and other communication system are radio waves and microwaves. The radio waves emitted from a transmitter antenna can reach the receiver antenna by the following mode of operation. 
(i) Ground wave propagation. 
(ii) Sky wave propagation. 
(iii) Space wave propagation 

· In ground wave propagation radio wave travel along the surface of the earth (following the curvature of earth). 

· In sky wave propagation, the waves which are reflected back to the earth by ionosphere. 

· The space waves are the radio waves of very high frequency (30 MHz to 300 MHz) ultra high frequency (300 MHz to 3000 MHz) and microwave. (more than 3000 MHz). At such high frequencies, the sky wave as well as ground wave propagation both foils. 

· Space wave propagation can be utilized for transmitting high frequency TV and FM signals. 

Television signal propagation : Frequency range for propagation is 80 MHz to 200 MHz 


Height of transmitting antenna : 
H = [image: image162.png]


d = distance covered by the signal, R = Radius of the earth, 
Area covered A = [image: image163.png]


d2 = 2[image: image164.png]


Rh 
Population cover : population density × Area covered. 

· Satellite Communication is a mode of communication of signal between transmitter and receiver through satellite. It is like the line of sight microwave transmission. In this case, a beam of modulated microwave is projected towards the satellite.

· Remote sensing is a technique which is used to observe and measure the characteristic of the object at a distance. 

PROBLEM SET:
1) Why are micro wave used in radars?

2) Why sky waves are not used in the transmission of television signals?

3) What should be the desirable characteristic of a diode detector? [HOT]

4) Give a velocity factor of a line.[HOT]

5) Why is delta modulation a convenient method of digital modulation.[HOT]

6) Where the two wire transmission line, Coaxial cable, Optical fiber are employed.

7) Audio signal cannot be transmitted directly in to the space why?

8) What is pulse modulation?

9) What is precisely meant by the term channel in a communication system “?

10) Why does the electrical conductivity of earths atmosphere increase with altitude ?

11) Differentiate between (i) PAM and (II) PPM .

12)Why the transmission of signal is not possible for frequency greater than 20Mhz .

13)How does the effective power radiated by the antenna vary with wavelength?

14)what should be the length of the dipole antenna for a carrier wave of 5 X 10 8hz ?

15)By how much should the height of the antenna be increased to double the coverage range

R= 6400 Km.

16) A TV. tower has a height of lOOm . How much population is covered by the TV.

broadcaste if the average population density around the tower is 1000/km2

17)Ground receiver station is receiving a signal at (i) 5MH and (ii 100MHz transmitted from

a round transmitter at a height of 300 m, located at a distance of 100 km from the receiver

station. Identify whether the signal is coming via space wave or sky wave propagation or

satellite transponder. Radius of earth = 6.4 x 106 m. Nmax of the Isosphere = 1012 m3

18) The maximum peak-to-peak voltage of an AM wave is 16mV

and the minimum peak-to peak voltage is 4mV.Calculate the modulation factor.

19) An AM wave is represented by the expression:

v = 5(1+0.6cos6280t) sin 221 X 104t volts

(i) What are the maximum and minimum amplitudes of the

AM wave.

(ii) What frequency components are contained in the modulated

wave.

20) An audio signal of 1 kHz is used to modulate a carrier of

500 kHz. Determine

(i) Sideband frequency.

(ii) Bandwidth required.

21) The antenna current of an AM transmitter is 8A when only

carrier is sent but it increases to 8.93A when the carrier is

sinusoid ally modulated. Find the percent-age modulation

index.

22) A 100 MHz carrier is modulated by a 12 kHz sine wave

so as to cause a frequency swing of +50kHz. Find the

modulation index.

23) The TV transmission tower at a particular place has a height

of 160m. What is its coverage range? By how much should

the height be increased to double its coverage range? Given

that radius of earth = 6400 km.

24) A TV tower has a height of 110m. How much population is

covered by the TV broadcast if the average population

density around the tower is 1000 km-2? Given that radius of

Earth = 6.4 X 106m.

25)A microwave telephone link operating at the cenral frequency

of 10 GHz has been established .If 2 % of this is available for

microwave communication channel, then how many

telephones channels can be simultaneously granted if each

telephone is allotted a band width of 8 KHz .

26) Frequencies higher than 10MHz are found not to be

reflected by the ionospere on a particular day at a

place. Calculate th maximum electron density of the

ionosphere

HINTS FOR COMMUNICATION SYSTEMS
1) In a radar, a beam signal is needed in particular direction which is possible if wavelength

of signal waves is very small. Since the wavelength of microwave is a few millimeter, hence

they are used in radar.

2 The television signals have frequencies in 100-200 MHz range. As ionosphere cannot

reflect radio waves of frequency greater than 40 M back to earth, the sky waves cannot be

used in the transmission of TV signals.

3) A diode detector should have the following characteristic for proper detection a) high

rectification efficiency.

b) negligible loading effect on previous stage

c) low distortion.

4) Velocity factor (VF) of a cable is the ratio of reduction speed of light in the dielectric of

the cable.

Velocity of light in vacuum is 3 x108 m/sec. It reduces when light passes through a medium.

Velocity of light in a medium is given by

v=c / √ k & where, c-velocity of light in vacuum and

k- is the dielectric constant of the medium

Vf. =v/c=l/√k

For a line velocity factor is generally of the order of 0.6 to 0.9.

5) Delta modulation involves simple pulse coding and decoding methods. A simple delta

modulation uses just one bit per sample i.e. a ‘non-zero’ sample or one per sample. Thus, this

method is convenient to use.

6) Two wire transmission line and coaxial cable are employed for AF and UHF region.

For optical fiber is employed for optical frequency.

7) 1 .The length of the antenna required is so large (L = 5000m ) that is practically

impossible

to set up it.

2 The energy radiated from the antenna in audio frequency range is Practically zero

3 The audio signals transmitted from the different broadcasting stations will get inseparably

mixed.

8) Pulse modulation is a system in which continuous wave forms are sampled at regular

intervals. Information regarding the signal is transmitted only at the sampling times together

with any synchronizing pulses that maybe required. Pulse modulation is the process of

transmitting signals in the form of pulses ( dis continuous signals ) by using special

techniques.

9) The term channel is commonly used to special the frequency range allotted to a particular

transmission from a broadcast station or a transmitter eg a telephone channel is also used for

a link in a transmitter and receiver.

10) Atmospheric pressure decreases with in crease in altitude. The high energy particles (ie &

rays and cosmic rays) coming from outer space and entering our earths atmosphere cause

ionization of the atoms of the gases present there . The ionizing power of these radiation

decreases rapidly as they approach the earth. due to decrease in number of collision with the

gas atoms . It is due to this reason that the electrical conductivity of earths atmosphere

increases with altitude

receives

the signal

11) i) Pulse Amplitude Modulation : Amplitude of the pulse varies in accordance with the

modulating signal.

(ii) Pulse Position Modulation. : Pulse position (ie) time of rise or fall of the pulse )

changes with the modulating signal.

.

12)Dielectric loss increase beyond this frequency.

13)

Power is inversely proportional to wave length

14)what should be the length of the dipole antenna for a carrier wave of 5 X 10 8hz ?

L =c/2 n.

15) four times.

16) d= √2hR

d= √2x 0.1x 6400

= √1280 km

Area covered by broadcaste, A = π d2 = 3.14 x 1280

= 3919.2 km2

population covered = Area x population density

= 3919.2 x 1000 = 3919200

17) (i) 5 MHz <fc sky wave propagation (ionospheric propagation).

(ii) 100 MHz > fc satellite mode of communication.

18) Maximum voltage of AM wave,

Vmax = 16 = 8mV

2

Minimum voltage of AM wave,

Vmin = 4 = 2mV

2

ma = Vmax - Vmin

Vmax + Vmin

= 8-2 = 6 = 0.6

8+2 10

19) The AM wave equation is given by ;

v = 5(1+0.6cos6280t) sin 221 X 104t volts ………….(i)

(i) Maximum amplitude of AM wave

= EC + maEC =5 + 0.6 X 5 = 8V

Minimum amplitude of AM wave

= EC - maEC =5 - 0.6 X 5 = 2V

(ii) The AM wave will contain three frequency viz

fc-fs, fc, fc+fs

336-1 336 336+1

335kHz 336kHz 337kHz

20) (i) The AM wave has sideband frequency of (fc + fs) and (fc - fs).

Sideband frequency = (500+1) kHz and (500-1) kHz

501 kHz and 499 kHz

(ii) Bandwidth required = 499 kHz to 501 kHz = 2 kHz

21) PS = . ma

2 PC

1.246 = 1 + ma

2

2

ma

2/2 = 0.246

ma = (2 X 0.246)1/2 = 0.701 = 70.1%

22) Modulation index ,

mf = Maximum frequency deviation

Minimum signal frequency

23) d = (2 × 6400 X103 × 160)1/2 = 45255m

Coverage range, d = (2Rh)1/2

h2 = 4h1 = 4 × 160 = 640m

24) Radius of the area covered by TV broadcast is

d = (2Rh)1/2

= 37500m = 37.5 km

= 4.4 × 106

25) Microwave communication channel width =

10GHz

100

2 ´

=0.2 GHz

band width of channel = 8 KHz

= 2.5 ´ 10 4

26) Critical frequency fc and maximum electron density nmax are related

as

fc = 9(nmax)

1/ 2

Squaring we get nmax = 81

fc2

Given fc = 10MHz =

10 ´ 10 6 =

10 7 Hz

ie, nmax = 81

(10 7)2

= 1.23´ 1012m- 3

Additional Questions :-

1. Define Modulation. Why we have need of modulation?

2. Draw Graphically Amplitude modulation. Derive its expression.

3. Define LOS. Derive relation between receiving antenna height &     transmitting antenna height.

4. How can we detect and produce amplitude modulated wave?

