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1) Field due to an infinite long straight charged wire 
Consider an uniformly charged wire of infinite length having a constant linear charge density λ (charge 
per unit length). 
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2. Consider a dipole AB of dipole moment p placed at an angle θ in an uniform electric field E 

 
The charges q and –q  experience equal and opposite forces  ,so the net force acting on  the dipole is 
zero  and  it is  in translational equili brium.  It experiences a torque  
The magnitude of torque is, 
 τ = magnitude of one of the forces x perpendicular  
      distance between the forces 
     = F x 2d sin θ 
     = qE x 2d sin θ = pE sin θ (∵ q × 2d = P) 
The direction of torque is perpendicular to the plane containing p & E 
In vector form,  

                  
3. Electric field due to an infinite charged plane sheet 
Consider an infinite plane sheet of charge with surface charge density σ. Let P be a point at a distance r 
from the sheet and E be the electric field at P. 
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4. Electric field due to uniformly charged spherical shell 
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The flux crossing the Gaussian sphere normally in an outward direction is, 

(1) 

By Gauss’s law 

(2)  

From (1) and (2) 

 

Case (ii) At a point on the surface. 
The electric field E for the points on the surface of charged spherical shell is, 

 

Case (iii) at a point inside the shell 

The total flux crossing the Gaussian sphere normally in an outward direction is 

 
since there is no charge enclosed by the gaussian surface, according to Gauss’s Law 

 
(i.e) the field due to a uniformly charged thin shell is zero at all points inside the shell. 
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5. Electric potential energy of an electric dipole in an  electric field. 
Electric potential energy of an electric dipole in an 
electrostatic field is the work done in rotating the dipole to the desired position in the field. 
When an electric dipole of dipole moment p is at an angle θ with the electric field E, the torque 
on the dipole is             τ = pE sin θ 
Work done in rotating the dipole through dθ, 
          dw = τ.dθ 
         = pE sinθ.dθ 
The total work done in rotating the dipole through an angle θ is 

 
This work done is the potential energy (U) of the dipole. 

 
This shows that the dipole has a minimum potential energy when it is aligned with the field. A 
dipole in the electric field experiences a torque  

 which tends to align the dipole in the field direction, dissipating its potential 
energy in the form of heat to the surroundings. 
 
6. Capacitance of a parallel plate capacitor with a dielectric medium. 
Consider a parallel plate capacitor having two conducting plates X and Y each of area A, 
separated by a distance d apart. Let a dielectric slab of thick-ness t and relative permittivity εr 
be introduced between the plates. 
Thickness of dielectric slab = t 
Thickness of air gap = (d−t) 

E

R= r 
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Electric field at any point in the air between the plates, 

 
Electric field at any point, in the dielectric slab 

 
The total potential difference between the plates, is the work done in taking unit positive 
charge from one plate to another in the field 
E over a distance (d−t) and in the field E′ over a distance t, then 
         V = E (d−t) + E′ t 

 
The charge on the plate X, q = σA 
Hence the capacitance of the capacitor is, 
 
 

 

 

Special Cases: 
 i) When d >> t ,  C =ε0 A/d 
ii) When d = t    C’ = εr ε0 A/d 
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7. Energy stored in a capacitor 
The capacitor is a charge storage device. Work has to be done to store the charges in a 
capacitor. This work done is stored as electrostatic potential energy in the capacitor. 
Let q be the charge and V be the potential difference between the plates of the capacitor. If dq 
is the additional charge given to the plate, 
then work done is, dw = Vdq 

 
Total work done to charge a capacitor is 

 
This work done is stored as electrostatic potential energy (U) in the capacitor. 
8.Energy stored in a capacitor 
The capacitor is a charge storage device. Work has to be done to store the charges in a 
capacitor. This work done is stored as electrostatic potential energy in the capacitor. 

 

9. Energy Density of a capacitor 
Energy stored in the capacitor U = 

            
The surface charge density σ is related to the electric field E between the plates, 

 
From the above 2 equations , we get 
Energy stored in the capacitor 

 
Ad is the volume of the region between the plates (where electric field alone exists).  
Energy density is defined as energy stored per unit volume of space 
u = U/volume =( ½) ε0E2Ad/Ad   gives 

 
10. Derive the relation between surface charge density and the radius of a charged sphere 

Let us consider two conducting spheres A and B of 
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radii r1 and r2 respectively connected to each other by a conducting wire

 

The potential at A, 

 
The potential at B, 

 
Since they are connected, their potentials are equal. 

 
.e., σr is a constant.  σ  α  1/r   
 
11.  Expression for electric  field  strength at an axial point  of an electric dipole 
 

 
Then the electric field at P due to  -q is 
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Then the electric field at P due to q is 

 
The resultant field E at P is given by 

 

The resultant field E at P is given by 

 

  
Direction of electric field is along the direction of dipole moment. 
 
12. Electric field at  an equatorial  point  of an  electric dipole  
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The magnitudes of the electric fields due to the two charges +q and –q are given by. 

they are equal 
 
The directions of E+q and E–q are as shown in the figure. Clearly, the components normal to the dipole 
axis cancel away. The components along the dipole axis add up. The total electric field is opposite to  ˆp 
electric dipole moment. We have 

 
 

 
At large distance (r>>a), this reduces to 
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The directions of electric field is opposite to the   dipole moment. 
 

 Unit  2.Current electricity   
 

1. Relation between mobility and drift velocity. 

 
Consider a conductor XY connected to a battery as in the figure.  A steady electric field E is 
established in the conductor in the direction X to Y. 

 The free electrons at the end Y experience a force F = eE  in a 

direction opposite to the electric field. Consider a conductor XY connected to a battery as in the 
figure.  A steady electric field E is established in the conductor in the direction X  to Y. 
 

Drift velocity is defined as the velocity with which free electrons get drifted towards the 
positive terminal, when an electric field is applied. 

vd =aτ 
The force experienced by the electron of mass m is 

F = ma  Hence a =eE/m 

 

 
 
 
 The  equation given above is the  relation  between the  drift velocity and mobility. 
 
2. Relation between drift velocity and current  
 

 
Let n be the number of free electrons per unit volume.  
The free electrons move towards the left with a constant drift velocity  vd. 
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The number of conduction electrons in the conductor = nAL 
The charge of an electron = e 
The total charge passing through the conductor q = (nAL) e 
The time in which the charges pass through the conductor 

 
The current flowing through the conductor,  
 

 

                  
The current flowing through a conductor is directly proportional to the drift velocity. 
From equation (1),  

 
3.  State and prove Ohm’s law  

The current flowing through a conductor is,  
 

 

 
 

 
Resistance R  of a conductor is defined asthe ratio of potential difference across the 
conductor to the current flowing through it.  
The unit of resistance is ohm (Ω) 
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4 .Effective emf’s and internal resistances of cells in series 
 

 
 
 
Let V (A), V (B), V (C) be the potentials at points A, B and C in the figure 
 

    
 
The Pd between A and C is 
 

 
The effective Pd due to a single cell of emf εeq and internal resistance req 

 

 
Comparing the last two equations, we get 
 

 
 
 
For the cells in opposition 

 
 

     req= r1+r2 
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5. Effective emf’s of two cells in parallel 
 
 

 
I = I1 + I2 

Let V (B1) and V (B2) be the potentials at B1 and B2, respectively 
For the  first cell 
 

 
For the second cell 

 
From the three equations above 

 
 

 
If we replace the combination by a single cell, between B1 and B2, of emf εeq and internal 
resistance req, we would have 
 

 
 
From the last two equations  
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6.Wheat stone’s net work and condition for balance in it, 

 
 

 
In  the case of a balanced bridge where the resistors are such that VB = VD  ,Ig = 0. We can easily 
get the balance condition, such that there is no current through G . 
 

In this case, the Kirchhoff’s junction rule applied to junctions D and B immediately gives us the 
relations I1 = I3 and I2 = I4.  
Next, we apply Kirchhoff’s loop rule to closed loops ADBA and CBDC. The loop ABDA gives 

–I1 R1 + 0 + I2 R2 = 0     …..1      (Ig = 0)     
and the loop CBDC gives, upon using 

 I3 = I1, I4 = I2  
I2 R4 + 0 – I1 R3 = 0                    …..2    (Ig = 0)     
From equation 1 we obtain 
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From equation  2 we obtain 
 

 
The above two equations give 
 

 
 

Is the condition for balance in Wheatstone’s net work 
 
 
7.Metre bridge – determination of un known resistance and resistivity of a material 

Metre bridge 
Metre bridge is one form of  W h e a t s t o n e ’s bridge. It is as shown in the figure.  
An unknown resistance P is  connected  in the gap G1 and a standard resistance Q is connected 
in the gap G2. 
 
Adjust the position of metal jockey on metre bridge wire so that the galvanometer shows zero 
deflection. Let the point be J. The portions AJ and JC of the wire now replace the resistances R 
and S of  
Wheatstone’s bridge.  Then 
 

 
where r is the resistance per unit length of the wire. 

 

 
The  error in the value of unknown resistance  can be eliminated, if another set of  readings are 
taken with P and Q interchanged and the average value of P is found, provided the balance 
point J is near the midpoint of the wire AC. 
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Determination of specific resistance 
The specific resistance of the material of a wire is determined by knowing the resistance (P), 
radius (r) and length (L) of the wire using the expression  

 
 

8.    Principle of Potentiometer  

 
 
If the potential difference between A and J is equal to the emf of the cell, no current flows 
through the galvanometer. It shows zero deflection. AJ is called the balancing length.  
If the balancing length is l, the potential difference across AJ = I r l  
 where r is the resistance per unit length of the potentiometer wire. 
p d across given length of a potentiometer wire is directly proportional to the balancing 
length when a steady current flows through it. 
∴ ε= I r l, 

ε α l . 
Hence emf of the cell is directly proportional to its balancing length. This is the principle of a 
potentiometer. 
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9. Potentiometer – Comparison of emfs of two primary cells 

 
 
 Initially the  cell of emfε1 is  connected to the galvanometer and jockey is adjusted to get  zero 
deflection 

The potential difference across the balancing length  l1 is = I r l l. Then, by 

the principle of potentiometer, 

ε1 =  I r l l ...(1)  
then  the galvanometer is connected to  cell of  emf ε2  , balancing length for null deflection is l2 

.  

The potential difference across the balancing length  l2 is 

= Irl2, then 
 
ε2 = I r l2 ...(2) 
Dividing (1) by (2) we get 
 

 
 

10. Determination of internal resistance of a cell using potentiometer 
With key K2 open, balance is obtained at length l1 (AN1). Then, 

ε = k l1    where k =I r  is known as potential gradient , Pd per unit length,  

When key K2 is closed, the cell sends a current  I through the resistance box R. If V is the 
terminal potential difference of the cell and balance is obtained at length l2 (AN2), 

V = k l2  
So, we have  

 
But, ε = I (r + R) and V = IR. This gives 
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from the above two equations we get  
 

 
 

 
 
 
 
Chapter  4 and 5 Magnetic effects of current & Magnetism 
 
1. Magnetic induction along the axis of a circular coil carrying current 
Let us consider a circular coil of radius ‘a’ with a current I as shown in Fig. AB is an 
infinitesimally small element of length dl. C  is the midpoint of AB and CP = r . 
 According to Biot – Savart law, the magnetic induction at P due to the element  dl is  

 
where  θ is the angle between I dl and r 
θ = 90o . 

 
A’B’ is an element diametrically   opposite to   AB 
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dB cos α components due to two opposite elements cancel each other whereas dB sin α 
components get added up. So, the total magnetic induction at P due to the entire coil is 

 

 
If the coil contains n turns, the magnetic induction is 

 

At the centre of the coil, x = 0  

 
2. Figure shows a long straight wire of a circular 
cross-section (radius a) carrying steady current I. The current I is uniformly distributed across 
this cross-section. Calculate the magnetic field in the region r < a and r > a. 
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Consider the case r > a. The Amperian loop, labelled 2, is a circle concentric with the cross-
section. For this loop, 

 

  

 
 

 
If J = I/πa2 is the current density, 
 
 

   
 



 

SENIOR_ 2017_CLASS_12_PHYSICS_ RAPID REVISION_1_ DERIVATIONS IN  FIRST FIVE  LESSONS
 Page 22 
 

 

 
 

3. Magnetic induction due to a long solenoid carrying current 
Let us consider an infinitely long solenoid having n turns per unit length carrying a current of I. 
For such an ideal solenoid (whose length is very large compared to its radius), the magnetic 
field at points outside the solenoid is zero.  
To find the magnetic induction (B) at a point inside the solenoid. The line integral,  

 
for the loop abcd is the sum of four integrals. 

 
the first integral on the right side is Bl. The second and fourth integrals are equal to zero 

because  is at right angles for every element   along the path 
The third integral is zero since the magnetic field at points outside the solenoid is zero. 

 
 
                      =Bl 
The net current threading through the ampere loop is 

 
where n = N/ l 
By Ampere’s circuital law 
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By inserting a soft iron core inside the solenoid, a large magnetic field is produced 
B = μnI = μo μrn I 

 
 
 

 
 
 
 
4. Magnetic field at any point  due to a toroid  carrying  current  
 
The toroid is a hollow circular ring on which a large number of turns of a wire are closely 
wound. It can be viewed as a solenoid which has been bent into a circular shape to close on 
itself carrying a current. 
the magnetic field in the open space inside (point P) and exterior to the toroid (point Q) is zero. 
The field B inside the toroid is constant in magnitude for the ideal  toroid of closely wound 
turns. 
Let the magnetic field along loop 1 be B1 in magnitude. 
Then in Ampere’s circuital law  L = 2π r1 
However, the loop encloses no current, so  

Ie = 0. Thus, B1 (2 π r1) = μ0(0),  B1 = 0 
Thus, the magnetic field at any point P in the open space inside the toroid is zero. 
The magnetic field at Q is likewise zero. Let the magnetic field along loop 3 be B3. Once again 
from Ampere’s law  

L = 2 π r3.    Ie= 0, and B3 = 0 
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We shall now consider the magnetic field at S. By Ampere’s law , 
 

L = 2π r 
 

The current enclosed Ie is (for N turns of toroidal coil) = N I. 
B (2πr) = μ0NI 

 

 
 

Let r be the average radius of the toroid and n be the number of turns per unit length. Then N = 
2πr n = (average) perimeter of the toroid  × number of turns per unit length and thus, B = μ0 n I 
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 5. CYCLOTRON 

Principle 
Cyclotron works on the principle that a charged particle moving normal to a magnetic field 
experiences magnetic Lorentz force due to which the particle moves in a circular path and its 
kinetic energy increases by acceleration due to high frequency AC. . 

 
Theory 

When the particle moves along a circle of radius r with a velocity v, the magnetic Lorentz force 
provides the necessary   centripetal force. 

    
The time taken to describe a semi-circle 

    
Substituting equation (1) in (2), 

   
It is clear from equation (3) that the time taken by the ion to describe a semi-circle is 
independent of (i) the radius (r) of the path and (ii) the velocity (v) of the particle. 
Hence, period of rotation T = 2t 

  
So, in a uniform magnetic field, the ion traverses all the circles in exactly the same time. The 
frequency of rotation of the particle, 
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If the high frequency oscillator is adjusted to produce oscillations of frequency as given in 
equation (5), resonance occurs.  
 

6. Kinetic energy of particle leaving Cyclotron 
 
Bqv = mv2/R 

 
where v is the velocity, R is the radius of the trajectory at exit, and equals the radius of a dee. 
Hence, the kinetic energy of the ions is, 

 
 

7.Force on a current carrying conductor placed in a magnetic field. 

 If n is the number of free electrons per unit volume in the 
conductor, then the current is   

I = nAvde 
Multiplying both sides by the length l of the conductor,  

∴ Il = nAvdel. 
Therefore the current element, 

        
The negative sign in the equation indicates that the direction of current is opposite to the 
direction of drift velocity of the electrons. Since the electrons move under the influence of 
magnetic field, the magnetic lorentz force on a moving electron. 

  
The negative sign indicates that the charge of the electron is negative. 
The number of free electrons in the conductor 

N = nAl        
The magnetic lorentz force on all the moving free electrons  
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Substituting equations (2) and (3) in the above equation  

  
Substituting equation (1) in equation (4) 

 
This total force on all the moving free electrons is the force on the current carrying conductor 
placed in the magnetic field.  
 

8. Force between two long parallel current-carrying conductors 
AB and CD are two straight very long parallel conductors placed in air at a distance a. They carry 
currents I1 and I2 respectively.   

 The magnetic induction due to current I1 in AB at a 
distance a is 

 
 force on a segment of length l of CD due to magnetic field B1 is 

F = B1I2l 

  
By Fleming’s Left Hand Rule, F acts towards left. Similarly, the magnetic induction due to 
current I2 flowing in CD at a distance a is 

  
Hence force on a segment of length l of AB due to magnetic field B2 is 

 
substituting equation (3) 

 
Definition of ampere  
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The force between two parallel wires carrying currents on a segment of length l is  

 
∴ Force per unit length of the conductor is 

 
If I1 = I2 = 1A, a = 1m 

 
Ampere is defined as that constant current which when flowing through two parallel 
infinitely long straight conductors of negligible cross section and placed in air or vacuum at a 
distance of one metre apart, experience a force of 2 × 10-7 newton per unit length of the 
conductor. 
 

9. Torque experienced by a current loop in a uniform magnetic field 

  
Let us consider a rectangular loop PQRS of length l and breadth b. It carries a current of I along 
PQRS. The loop is placed in a uniform magnetic field of induction B. Let θ be the angle between 
the normal to the plane of the loop and the direction of the magnetic field. 
The forces F1 and F2 are equal in magnitude, opposite in direction and have the same line of 
action. Hence their resultant effect on the  loop is zero. 
Magnitude of the force F3 = BIl sin 90o = BIl 
F3 acts perpendicular to the plane of the paper and outwards. 
Magnitude of the force F4 = BIl sin 90o = BIl 
F4 acts perpendicular to the plane of the  paper and inwards. The forces F3 and F4 are equal in 
magnitude, opposite in direction and have different lines of action. So, they constitute a couple. 
Hence, Torque τ = BIl × PN  

= BIl × PS × sin θ 
= BIl × b sin θ = BIA sin θ 

If the coil contains n turns, τ = nBIA sin θ 
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the magnetic moment of the current 
loop as, M=n I A  where the direction of the area vector A is given by the right-hand thumb rule 
and is directed into the plane of the paper. Then as the 
angle between M  and B is θ , torque in vector form 

τ = M ×B 

10. Conversion of galvanometer into an ammeter 

 A galvanometer is converted into an ammeter by 
connecting a low resistance S called shunt resistance in parallel with it. when large current 
flows in a circuit, only a small fraction of the current passes through the galvanometer and the 
remaining larger portion of the current passes through the shunt. 
Let Ig  be the maximum current that can be passed through the galvanometer Galvanometer 
resistance = G 
Shunt resistance = S 
Current in the circuit = I 
∴ Current through the shunt resistance = Is = (I–Ig) 
Since the galvanometer and shunt resistance are parallel, potential is common. 
∴ Ig  G = (I- Ig)S 

 
The effective resistance of the ammeter Ra 

 
An ideal ammeter is one which has almost zero resistance 
 

11. Conversion of galvanometer into a voltmeter 
A galvanometer can be converted into a voltmeter by connecting a high resistance R in series 
with it.  
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Galvanometer resistance = G 
The current required to produce full scale deflection in the galvanometer = Ig 
Range of voltmeter = V 
Resistance to be connected in series = R 
Since R is connected in series with the galvanometer, the current 
through the galvanometer, 
 V =  Ig (R+G) 

 
The effective resistance of the voltmeter is 
Rv = G + R 
An ideal voltmeter is one which has infinite resistance. 
 

12. THE MOVING COIL GALVANOMETER 
The galvanometer consists of a coil, with many turns, free to rotate about a fixed axis in a 
uniform radial magnetic field.  
There is a cylindrical soft iron core which not only makes the field radial but also increases the 
strength of the magnetic field.  
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When a current flows through the coil, a torque acts on it. This torque is given by  
τ = NI AB sinθ 

=NIAB 
Since the field is radial by design, we have taken sin θ = 1 in the above expression for the 
torque. 
The magnetic torque NIAB tends to rotate the coil. A spring Sp provides a counter torque  kφ  
that balances the magnetic torque NIAB; resulting in a 
steady angular deflection φ. In equilibrium 

kφ = NI AB 
where k is the torsional constant of the spring; i.e. the restoring torque per unit twist.  
The deflection φ is indicated on the scale by a pointer attached to the spring.  

 
PRINCIPLE :  A current carrying rectangular  coil experiences a torque  and deflection of the coil 
is directly  proportional to  the current. 

 

12.  Bar magnet as an equivalent solenoid 
The magnetic dipole moment m associated with a current loop was defined to be m = NI A 
where N is the number of turns in the loop, I the current and A the area vector. The 
resemblance of magnetic field lines for a bar magnet and a solenoid suggest that 
a bar magnet may be thought of as a large number of circulating currents in analogy with a 
solenoid. By Biot -Savart law 
 

      
The magnitude of the total field 

 
Note that the magnitude of the magnetic moment of the solenoid is, 

 
(total number of turns × current × cross-sectional 
area). Thus,  

   …. (1) 
For a  short  bar magnet field at the axial line  is 
 

 …(2) 
From  (1) and (2)  we find that the current carrying solenoid   behaves  like a bar magnet 
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13. Circular current loop as a magnetic dipole 
The magnitude of magnetic field on the axis of a circular loop, of a radius R, carrying a steady 
current I is 

    … (1) 
x is the distance along the axis from the centre of 
the loop. For x >> R, we may drop the R2 term in the denominator. Thus, 

         …(2) 
 the area of the loop A = πR2. Thus, 
multiplying and dividing RHS by π 

          …(3) 
we define the magnetic moment m to have a magnitude IA, m = I A. Hence, 

…(4) 
For a  short  bar magnet field at the axial line  is 

               ….(5)  
From (4) and (5)  

Circular current loop behaves as a magnetic dipole 
 
 
 


