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                                                                  SET-III

1. Anticlockwise, according to Lenz's law.

2. It is clear from the figure that the threshold frequency for the metal A is higher.

3. The two balls will repel each other and will be in equilibrium a certain distance apart. 
With the plastic sheet, the force between them will decrease.

4. For a lens according to Len's makers formula

where µ2 = refractive index of the material of the lens and  µ1 that of the surrounding 
medium. Here, f is negative because the lens is concave.

For the surfaces of the lens R1 is -ve and R2 is +ve.
When the lens is immersed in water of refractive index 1.33, the lens will behave as a 
concave lens.

5. Two electric lines of force cannot intersect. The tangent to the line of force at any 
point gives us the direction of electric field at that point. If the two electric lines of force 
intersect, then two tangents can be drawn at the point of intersection. Thus, there will be 
two directions of the electric field at that point which is not possible.

6. Here, frequency is  5 × 1011 Hz , the corresponding wavelength
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which corresponds to microwaves range of the electromagnetic spectrum.

7. Following are two main reasons to prefer ac voltage over dc:

(I) It can be easily converted into dc.
(ii) In transmission of electric power, the line losses can be drastically reduced by using 
a step-up transformer at the transmitting station and step-down at the receiving station.

8. According to the len's makers formula

             

  where μ2  is the refractive index of the material of lens. 

Here,  μ2  = 1.25 and  μ1 = 1.33
Therefore f will be negative.
The convex lens will behave as a concave lens.      

9. In the hydrogen atom, an electron revolves around the proton (Nucleus).

Let r be the radius of the orbit, m the mass of the electron and υ its velocity in the orbit.  
Since the electrostatic force supplies the centripetal force.

                            

                                                      

                  

The electron while revolving around the nucleus possesses both kinetic and potential 
energy. Therefore, its total energy E is given by
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The total energy is thus negative. It implies that the electron is not free. It is bound to the 
nucleus.
                                                         Or

Consider an atom of atomic number Z. The charge on the nucleus is Ze. Again, consider 
an electron of mass m and carrying a charge e to be revolving in a path of radius r n. Let 
vn be the speed of this electron in this orbit.

                              

Electrostatic force between the electron and the nucleus is 

                  

Since this force supplied the necessary centripetal force.
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Since the angular momentum of the electron is quantised.

 

      

Bohr's radius : It is the fundamental unit of length in atomic physics. It is equal to the 
radius of the lowest energy orbit in Bohr's model of the hydrogen atom. It is
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10.

11. Consider a parallel plate capacitor to be connected to a source of current and being 
charged.  Let  a  current  I  be  the  charging  current.  If  B  is  the  magnetic  field.  Then 
according to Ampere's circuit law

        

when I is the conduction current. Maxwell modified this statement due to the fact that as 
the capacitor is being charged a varying electric field produces a current just as a time 
varying magnetic field produced a time varying electric field. The current produced by 
time varying electric field is called the displacement current.
The Ampere circuital law is modified assm
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Outside the capacitor I = IC and ID = 0
But inside the capacitor IC = 0 and ID = IC

12. In the figure is shown a cell of E and internal resistance r connected across a variable 
resistance R. When the circuit is completed a current begun to flow and some fall of 
potential takes place across the cell. As a result the voltage reading falls from E to V.

                    

It is clear from this relation that as I increases V decreases. When I = 0, V = E. The  
shape of the graph between I and V is as shown.

Clearly, V = E = intercept on the y-axis where the graph meets the y-axis.
Also, internal resistance
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13. p-n junction as a half-wave rectifier. Circuit diagram of p-n junction as a half-wave 
rectifier is shown in the fig. The ac to be rectified as connected across the primary of a 
transformer.  The  secondary  is  connected  to  the  junction  diode  through  an  output 
resistance R1 called the load resistance. During the first half of the input cycle the upper 
end of the secondary is +ve. During this half of the p-n junction is forward bias and 
hence it conducts. As the input varies the output also varies. For the negative half of the 
input cycle, the p-n junction is reverse biased. Hence, no current flows in the load R1 
and there will no output. Thus, the -ve halves of the input are cut off. The input wave 
and output wave forms are as shown in the diagram.

The output is not constant but is variable. The output can be supposed to consist of a 
constant voltage superimposed upon which is ac voltage of different frequencies. A filter 
is used to get rid of the varying component. The efficiency of a half-wave rectifier is less 
and ripple factors high (1.21).

14.
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15.

and for the ray 2,

Both these rays will be incident on the face AC at an angle of 45o

For the ray 1, the angle of incidence is less than critical angle. This ray will not suffer 
internal reflection and will be refracted.

For the ray 2, the angle of incidence on the face AC will be greater than the critical 
angle. This ray will suffer total internal reflection as shown in the fig.
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16.

Now, the angle of incidence on the face AC for both the rays is 45o. For the ray 1, it is 
less than the critical angle but is more than the critical angle for the ray 2. The ray 2 will  
thus suffer total internal reflection as shown.
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17. When a paramagnet substance is placed in a magnetic field, the magnetic lines of 
force tend to pass through it as shown in fig. In the case of a diamagnetic

      

lines of force avoid it. The number lines of force through the diamagnetic substance 
decreases. This is so because of the fact the permeability of diamagnetic substance is 
less than one whereas that of a paramagnetic substance is greater than one.

18.  (i) Receiver : A receiver the signal from the transmitter and extracts the desired 
message signal from the received signal at the channel output.

(ii)  Demodulator  : The  transmitter  transmits  the  modulated  carrier  wave.  The 
modulated carrier wave carries the message signal. A modulator extracts the audio signal 
from the modulated signals.

19. Focal length of the convex lens = 20 cm
      Focal length of the convex mirror = 10 cm
       For the convex lens, u = - 40 cm, v = ?
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The real image formed by the convex lens serves as a virtual object  for the convex 
mirror and the final virtual image is formed at 1 as shown.

20. The coefficient of mutual inductance between the two coils is defined as the flux 
linked with one coil when a unit current is passed through the other. If Ф is flux linked 
with one coil, when a current I is passed through the other, then

                

Mutual inductance of a pair of long co-axial solenoids.
Number of turns per unit length in the coil 1

Let a current I be passed through the coil 2 , then the magnetic field B produced along 
the axis of this coil is
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This magnetic field is linked with each turn of the coil I, therefore, flux  Ф with the coil  
1 is

21.  (a) The connections are made with the help of thick copper strips because  their 
resistance is very low and need not be taken into consideration.

      (b) This is so because in that case the resistance in the arms will be of the same order 
of magnitude. The bridge is most sensitive in this case.

      (c) The meter bridge generally uses a uniform wire of constant because its resistance

does not change much with rise of temperature and its specific resistance is also high.
         
                                                       Or

The voltage V of the source is applied across the potentiometer as shown:
As is  clear  from the  fig,  the  resistance  R0/  2  and R are  in  parallel,  their  combined 
resistance is
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22. Here, focal length of the lens = + 20 cm
         u = - 60 cm
         v = ?
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By Len's formula

Thus, the real image is formed by the convex lens at I1 at a distance of 30 cm from the 
lens or at 30 – 15 = 15 cm from the pole of the convex mirror. This image serves as an 
object for the convex mirror of focal length 20/2 = 10 cm.

The final image is formed at I.

23. In an LCR circuit, the current and the emf are generally not in phase. Let  Ф be the 
phase difference between them. Let V0  = V0  sin  ωt be applied across the LCR circuit. 
Let the current I be represented by I = I0 sin(ωt -  Ф), where  Ф is the phase difference.
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Now, average power over a complete cycle is given by

(i) No power is dissipated when cos  Ф = 0, i.e.,  Ф = π/2,

i.e.,  the  current  and  the  emf  have  a  phase  difference  of  90o as  in  the  case  of  an 
inductance or a capacitor.

(ii) Maximum power is dissipated, when  Ф = 0 and cos  Ф = 1.

(Pa)max = IvVv

24.  The band  structures  of  the  conductors,  insulators  and  semiconductors  are  given 
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below.

Metals : A distinguishing features of all conductors including metals is that the valence 
band is partially filled or the conduction and the valence band overlap.  Electrons in 
states near the top of the filled portion of the band can move into adjacent empty or 
unoccupied states by getting energy from the applied electric filed and thus contribute to 
conductivity. The energy gap is very small. Conductivity depends upon temperature.
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Insulators: Here, the energy gap is large and is of the order 6 eV depending upon the 
nature of the crystal. Even by heating to a high temperature the electron can't jump the 
energy gap. Conductivity is extremely small. (fig b)

Semiconductors  : The  energy  gap  between  the  valence  and  the  conduction  gap  is 
comparatively small i.e., of the order of 1 eV. At room temperature electrons may jump 
the gap by gain energy. Energy band structure is shown in fig. c.

25. (a) Let a conductor AB of length AB = l be moved horizontally with a uniform 
velocity in a region of uniform magnetic field. As the conductor cuts the magnetic lines 
of force, an induced emf is produced across the ends of the conductor. Let the conductor 
move through a small distance dx in a small time dt.

The -ve sign shows that the induced emf opposes the cause which produced it.

(b) When the induced emf is produced it sends a current through the conductor. The 
electrons flow from A to B and current from B to A. An electric fled is produced which 
exert a force opposite to that due to the magnetic field. The electrons continue to move 
till the net force becomes zero, i.e., Lorentz's force is zero. 
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26. (a) When unpolarised light is incident on a medium then the light is both reflected 
and refracted as shown. It is found that the light being reflected is plane polarised. The 
degree of polarisation depends upon the angle of incidence whereas refracted beam is 
partially  polarised.  For  a  certain  angle  of  incidence  called  the  polarising  angle  the 
reflected light is fully polarised. The polarising angle is related to the refractive index as 
µ = tan θ
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28. The Van-de-Graff generator is based on the following two principles:

(i) The corona discharge.

(ii) When a charged conductor is placed in contact with the inside of a hollow conductor, 
all of the charge of the first conductor is transferred to the hollow conductor. The charge 
on the hollow conductor can be increased by repeating the process.

Construction : It consists of a large and highly polished hollow metal sphere called 
dome. It is insulated from the ground with the help of insulating supports. Two comb 
like metallic needles are provided at point C1 and C2 as shown in figure. The comb at 
point A is called the spray comb and that at point B is called the collector comb. There is 
a provision of two pulleys around which a belt of insulating material . e.g., Silk, rayon, 
reinforced rubber, moves.

Working : Due to high density of positive charge at the sharp points of the teeth of the 
combs C1 , positive charge is sprayed on the belt. As a belt is rotated by the electric 
motor,  these  positive  ions  move  upward  along  with  the  belt.  A negative  charge  is 
induced on the sharp teeth of the collecting comb C2 and an equal positive charge is 
induced on the  farther  end of  the comb C2.  This  positive  charge  shifts  to  the  outer 
surface of the conducting shell S. Due to Corona discharge at the sharp teeth of comb C2 

a negatively charged electric wind is setup. This neutralises the positive charge on the 
belt.  This  process  continues  and sphere  goes  on getting  more  and more  of  positive 
charge.

The leakage is minimised by housing the whole generator inside a steel chamber filled 
with N2 or methane sulphur hexafluoride or some other inert gas at high pressure.
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Use : It is used to accelerate charged particles like electrons, protons, ions etc. required 
for experiments in nuclear physics. The accelerated particles hit the target and carry out 
the artificial transmutation etc.

Limitations : When the potential of the spherical shell exceeds the breakdown voltage 
of air which is 3 ×106 V/m , air around the shell gets ionised and leakage of charge starts 
taking place.  This puts a limit on upper voltage to which the spherical shell  can be 
charged.

                                                            Or

(a) Consider a dipole formed by two charges +q and -q of length 2a placed in a uniform 
electric field E such that angle between          and          is θ as shown in the fig.

Force on the charge +q = qE in the direction of electric field.

Force on the charge -q = qE in the direction opposite to that of the electric field.

These two forces are equal and opposite and act along parallel lines at different points 
and hence form a couple whose moments are
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But q × 2a = p, the dipole moments of the electric dipole.

(b) In the fig. Are shown the two hollow concentric spheres S1 and S2. The sphere S1 

encloses the charge 2Q whereas the sphere S2 encloses the charge 2Q + 4Q = 6Q.

(i) By Gauss theorem, the flux Ф1 and Ф2 through the spheres S1 and S2 are

Because the charge enclosed by sphere S2 is 2Q + 4Q = 6Q

The flux through the sphere S1 will be reduced and will become

29.  (a)  In  the fig.  Is  shown an experimental  arrangement  for  observing interference 
pattern. S1
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and S2 are two narrow slits illuminated by a monochromatic source of light. A screen is 
placed at a suitable distance from the slits. An interference pattern consisting of alternate 
dark and bright fringes is observed on the screen. The central fringe at O is bright. The 
pattern observed is due to the interference between the light waves originating from the 
two coherent sources S1 and S2. Whether any point P on the screen is on a bright or a 
dark fringe depends upon the path difference between the waves reaching that point. If 
the two waves at a point reach in the same phase, then P is a point of maximum intensity 
i.e.,  phase difference Ф = 2nπ i.e.,  even multiple of π  or path difference is integral 
multiple of wavelength. In this case constructive interference takes place.

For maxima p = nλ , where n = 0,1,2, ….

Minima : For the point P to be a point of minimum intensity, the waves from the two 
sources must reach in the opposite phase i.e., phase difference should be odd multiple of 
π or path difference an odd multiple of half wavelength.

Fringe width : Consider a point P on the screen at a distance x from O and having an 
angular height θ. Then from the fig. Path difference p between the wave from S1 and S2 

is

                            p = S2P – S1P = S2L

If d is the distance between the slits and D the distance between screen and the slit, then
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Fringe with of dark fringes:
For dark fringes
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(b) 
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Since the width of the slits are proportional to the intensity of the two sources.

                                              Or

(a) In the fig. Is shown an experimental arrangement of getting a diffraction pattern of a 
single slit.

A single slit AB illuminated by monochromatic source of light. A parallel beam of light 
falls normally on the screen. The incident light suffers diffraction through an angle θ. A 
diffraction pattern like the one shown in the fig. Is observed. The diffraction pattern 
consists of a central maxima surrounded by secondary maxima of rapidly decreasing 
intensity.

The secondary wavelets that go straight across the slits are brought to focus at the point 
P.  Since all of them are in the same phase intensity at O is maxima. Consider now the 
rays diffracted through an angle θ. Then the path difference between the rays starting 
from the extreme ends of the slit is a sin θ. These rays are brought to focus at P. Then P 
will be at a minima of a sin θ = λ.

sm
ar

tin
di

a.
ne

t.i
n



This gives us the angular width of the first minima. In this case we imagine the slit to be  
divided into two equal parts AD and BD. Then for any point in AD there is a point in BD 
such that the path difference between the rays from these points is  λ/2. Thus, the point P 
will be a minima.
The point P will be a minima, in general if

(b) Let  λ1 and  λ2 be the two wavelengths being used, then

λ1 = 590 × 10-9 m
λ2 = 596 × 10-9m,  D = 1.5 m,  a = 2 × 10-6m

Let y1 and y2 be the distances of the first secondary maxima from the central maxima.

We know the distance of nth secondary maxima is
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30.  (a) Let v be the speed of a charged particle of mass m and carrying a charge Q 
revolving in a circular path of a radius r and in a magnetic field of flux density.
Magnetic force acting on the charged particle = BQv
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Since this force supplies the necessary centripetal force.

Which is independent of velocity or energy of the particle.

(b)  Principle : It is based on the principle that the positive ions can be accelerated to 
high energies with a comparatively smaller alternating potential difference by making 
them to cross electric filed again and again , by making use of a strong magnetic field.

Construction : It consists of two D-shaped, hollow metal dees D1 and D2. The dees are 
placed with a small gap in between them. The dees are connected to a source of high 
frequency alternating potential difference. The dees are evacuated in order to minimize 
energy losses resulting from collisions between the ions and air molecules. The whole 
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apparatus is placed between the poles of an electromagnet as shown in figure below. The 
magnetic field is perpendicular to the plane of the dees.

Working : In a cyclotron particles of mass m and change q move inside an evacuated 
chamber in a uniform  magnetic field        that is perpendicular to the plane of their 
paths. The alternating potential difference applied between the hollow electrodes D1 and 
D2, creates an electric field in the gap between them which changes precisely twice in 
each revolution , so that the particles get a push each time they cross the gap. The pushes 
increase their speed and kinetic energy, boosting them into paths of larger radius. The 
electric field increases the speed and the magnetic field makes the particles move in 
circular  paths.  Due  to  the  presence  of  the  perpendicular  magnetic  field  the  particle 
moves in a circle of radius r given by

The above time is independent of the radius of the path and the velocity of the charged 
particle. Hence the charged particle spends the same time in each dee and encounters a 
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dee of opposite polarity whenever, it comes into the gap between the dees and thus, is 
continuously accelerated.

(a) Labelled diagram of a moving coil galvanometer is as shown in the fig.

Principle  and working  : A moving  coil  galvanometer  which  is  used  to  detect  the 
current in a circuit. It is based on the principle that when a coil carrying current is placed 
in a magnetic field it experience a torque. As a result the coil rotates and the angular 
deflection produced in the coil is proportional to the current passing through the coil.

It consists of a coil pivoted in a radial magnetic field. Insulated copper wire is wound 
over a cylindrical soft iron core. A pointer is fixed to the coil which can move over a 
scale to indicate the angular deflection of the coil.

When the current  is  passed through the coil  with the help of  the terminals,  the coil 
experiences a  torque         given by

   B = Magnetic flux density
   A = Area of the coil
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When the coil rotates, the restoring springs exerts a torque        which is given by

Thus, the deflection is proportional to the current.

(b)  The  cylindrical  iron  core  increases  the  magnetic  flux  density  due  to  its  high 
permeability. It will increase the current sensitivity of the galvanometer.

Current sensitivity S1 and voltage sensitivity SV are given by

Also V = IR, where R is the resistance of the galvanometer coil.

Now, if we try to increase the current sensitivity by increasing the number of turns in the 
coil, the resistance of the coil increases and decreases the voltage sensitivity.
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