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MOVING CHARGES AND MAGNETISM
   
        In olden days, electricity and magnetism were treated as separate subjects. Electricity dealt with charges on glass rods, cat’s fur, batteries, lightning, etc., while magnetism described interactions of magnets, iron filings, compass needles, etc. In 1820 Danish scientist Oersted found that a compass needle is deflected by passing an electric current through a wire placed near the needle. Ampere and Faraday supported this observation by saying that electric charges in motion produce magnetic fields and moving magnets generate electricity. The unification was achieved when the Scottish physicist Maxwell and the Dutch physicist Lorentz put forward a theory where they showed the interdependence of these two subjects. This field is called electromagnetism.
            Just as static charges produce an electric field, the currents or moving charges produce (in addition) a magnetic field, denoted by B again a vector field. It has several basic properties identical to the electric field

Magnetic Effect of Current:
An electric current (i.e. flow of electric charge) produces magnetic effect in the space around the conductor called strength of Magnetic field or simply Magnetic field.
	Oersted’s Experiment:
When current was allowed to flow through a wire  placed parallel to the axis of a magnetic needle kept directly below the wire, the needle was found to deflect from its normal position
	
         



	When current was reversed through the wire, the needle was found to deflect in the opposite direction to the earlier case.

	
           

	
Right Hand Thumb Rule or Curl Rule:

If a current carrying conductor is imagined to be held in the right hand such that the thumb points in the direction of the current, then the tips of the fingers encircling the conductor will give the direction of the magnetic lines of force
	
          


 

Magnetic Field, Lorentz Force
Let us suppose that there is a point charge q moving with a velocity v in presence of both the electric field E and the magnetic field B The force on an electric charge q due to both of them can be written as
                   F = q [ E + v × B ] ≡ Felectric +Fmagnetic)
This force was given first by. Lorentz based on the experiments of Ampere and others. It is called the Lorentz force.
Lorenz force due to only magnetic field is given by
                   F = q [v × B ]
                      = Bqv sin θ
        When θ = 0 or π
             F min = 0
       When θ = π/2
            F max = Bqv

. If we look at the interaction with the magnetic field, we find the following features.
(i) It depends on q, v and B (charge of the particle, the velocity and the magnetic field). Force on a negative charge is opposite to that on a positive charge.
(ii) The magnetic force q [ v × B ] includes a vector product of velocity and magnetic field. The vector product makes the force due to magnetic field vanish (become zero) if velocity and magnetic field are parallel or anti-parallel. Maximum if velocity and magnetic field are perpendicular.
(iii) The magnetic force is zero if charge is not moving (as then |v|= 0). Only a moving charge feels the magnetic force.

[image: ]

Magnetic force on a current-carrying conductor

        Consider a rod of a uniform cross-sectional area A and length l. Let the number density of these mobile charge carriers in it be n. For a steady current I each mobile carrier has an average drift velocity vd. In the presence of an external magnetic field B, the force on each electron in the conductor is 
                   f = e [vd × B ]
                      = B e vd sin θ
[image: ]
Volume of conductor = V = area x length = a x l
Number of electrons =n x A l
Charge on each electron = e
Total charge = q= n x A l e
 We know that the force experienced by a charge in a uniform magnetic field is
      
                     F  = Bqv sin θ
                        =  B ( nA le)  vd sin θ
                     = B ( neA vd) l  sin θ                       ( I = neA vd)
                  F  = B I l sin θ

 If θ = 0,  sin θ = 0       
                    F min = 0
  If θ = π/2,  sin θ = 1       
                    F max = B I l  
               
             
	
     Fleming’s Left Hand Rule:

If the central finger, fore finger and thumb of left hand are stretched mutually perpendicular to each other and the central finger points to current, fore finger points to magnetic field, then thumb points in the direction of motion (force) on the current carrying conductor     







MOTION IN A MAGNETIC FIELD
                        Charge q enter uniform perpendicular magnetic field B with velocity v. Moving  charge experience Lorenz force given by
                        F = Bqv
Loretz force provides necessary centripitel force. There no work done by the Lorentz force .If m is the mass of the charge and r is the radius of the orbit then
[image: ]
   The radius of the circular path is given by the relation:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m59f1556d]
Period of revolution of proton, 
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_5d73205d]
Frequency of revolution of proton, 
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m4242c2e0]
Time period is independent of velocity and radius of the orbit. This is the principle of cyclotron. The increase in velocity leads to increases radius of the orbit.







Cyclotron
It is a device using which positively-charged particles such as protons, deuterons, etc. are accelerated to high speeds.
Principle of a cyclotron: 
A positively-charged particle can be accelerated by making it cross the same electric field repeatedly with the help of a strong magnetic field. 
Construction of a cyclotron: 
The construction of a simple cyclotron is shown in the following figure. 
               [image: ]
                             [image: ]
It consists of two semi-cylindrical boxes D1 and D2, called ‘dees’, enclosed in an evacuated chamber. The chamber is kept between the poles of a powerful magnet so that a uniform magnetic field acts perpendicular to the plane of the dees. An alternating voltage ( High frequency oscillator) is applied in the gap between the dees by using a high-frequency oscillator. The electric field is zero inside the dees.
Working and theory of a cyclotron: 
At a certain instant, let D1 be positive and hence D2 is negative. A proton from an ion source initially present at the centre of the dees is accelerated towards D2. It describes a semi-circular path with a constant speed and is acted upon only by the magnetic field when it is inside either of the Ds. 
The function of electric field is to accelerate the charged particle.  The function of magnetic field is to turn the accelerated particle in a circular motion such that it interacts with the electric field between the gaps again and again. 
The radius of the circular path is given by the relation:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m59f1556d]
Period of revolution of proton, 
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_5d73205d]
Frequency of revolution of proton, 
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m4242c2e0]
It is called cyclotron frequency.
It can be inferred that cyclotron frequency is independent of both velocity v and radius r of the proton. It implies that even if the proton is accelerated in velocity and it increases its radius, the frequency with which it completes its path does not change. Hence, we are able to use a constant frequency oscillator to reverse the electric field at the time when the proton tries to cross the gap. If the frequency of applied ac is equal to cyclotron frequency, then every time the proton reaches the gap between the dees, the direction of electric field is reversed and the proton receives a push, finally gaining very high kinetic energy

Maximum Energy of the Particle:
Kinetic Energy of the charged particle is
                  Emax = ½ mv2
                       =½  m (Bqr/m)2
             E max  =
NOTE:  Cyclotron can not be used for accelerating neutral particles.  Electrons can not be accelerated because they gain speed very quickly due to their lighter mass and go out of phase with alternating e.m.f. and get lost within the dees.       
    1. Write the expression for the force acting on a charged particle of charge q moving with velocity [image: Phy_2007_Set1_Outside%20Delhi_Saif]in the presence of magnetic field[image: Phy_2007_Set1_Outside%20Delhi_Saif]. Show that in the presence of this force
(i) the kinetic energy of the particle does not change
(ii) its instantaneous power is zero
Solution:
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
(i) [image: Phy_2007_Set1_Outside%20Delhi_Saif]is perpendicular to both[image: Phy_2007_Set1_Outside%20Delhi_Saif].
If[image: Phy_2007_Set1_Outside%20Delhi_Saif]is the instantaneous displacement of the charge, [image: Phy_2007_Set1_Outside%20Delhi_Saif]is also perpendicular to[image: Phy_2007_Set1_Outside%20Delhi_Saif].
Work done (W) by this force ([image: Phy_2007_Set1_Outside%20Delhi_Saif]) = Increase in kinetic energy (K.E.)
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
= Fds cos 90°
W = 0
Hence, increase in K.E. = 0
∴ The K.E. of the particle does not change.
(ii) Power =[image: Phy_2007_Set1_Outside%20Delhi_Saif]
= Fv cos 90°
Power = 0
  

MAGNETIC FIELD DUE TO A CURRENT ELEMENT,
BIOT-SAVART LAW
The strength of magnetic field  dB due to a small current element dl carrying a current I at a point P distant r from the element is directly proportional to I, dl, sin θ and inversely proportional to the square of the distance (r2) where θ is the angle between dl and r. 
             i)   dB α I
            ii)  dB α dl
           iii)  dB α sin θ
           iv)  dB α 1 / r
[image: ]
Magnetic field at P due to small element dl is
          dB = 
Magnetic field at P due to small element dl is
         dB = 
Where proportionality constant
             [image: ]
We call μ0 the permeability of free space (or vacuum).
[It is emerging  [image: ] at P’ and entering       at P into the plane     of the diagram.]
{There is an interesting relation between ε0, the permittivity of free space; μ0, the permeability of free space; and c, the speed of light in vacuum
        [image: ]
 
               C =            }

MAGNETIC FIELD ON THE AXIS OF A CIRCULAR CURRENT LOOP

            [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m3837e2a9]
    Consider a circular loop of radius ‘a’ carrying current I, held perpendicular to the plane of the paper. We want to find the magnetic field at a point P, which is at a distance x from the centre of the coil. Let us take a small element AB of length dl. From Biot-Savart’s law, the field at point P due to a small element is given by:
                             [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_15472c08]
The direction of the field is in a plane perpendicular to the plane containing dl and is at right angle to line CP. Resolve this into two components [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_498a471]along the x-axis and [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_7c98cfe9]at right angles to the line OP. It is clear from the figure that the resultant field along y-axis (i.e., components [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_7c98cfe9]cancel each other) is zero. Field due to [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m6a251ff0]is as shown. The resultant field at P will be only in x-direction.
The total field at P due to all such elements is given by:
                          [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_1e8e486a]
                   O r [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_md5ef1d]
                       [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_3a3aa393]
                   [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_3c9a79a6]
Substituting the values, we obtain
         [image: ]
         B = 
 If there are N turns then
          B =                  Area A = πa2
         
Case1: If x >> a, then     
       B = 

          B = 

Case 2: If x = 0, i.e magnetic field at the centre of the coil
      B = 

The magnetic field lines due to a circular current carrying loop are shown below: 
                      [image: ]
                      The magnetic field lines for a current loop.
1. A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of 0.40 A. What is the magnitude of the magnetic field B at the centre of the coil?
Ans:Number of turns on the circular coil, n = 100
Radius of each turn, r = 8.0 cm = 0.08 m
Current flowing in the coil, I = 0.4 A
Magnitude of the magnetic field at the centre of the coil is given by the relation,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6916/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m6b7b008e.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6916/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m144f80ba.gif] = Permeability of free space
= 4π × 10–7 T m A–1
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6916/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_5f0eabfe.gif]
Hence, the magnitude of the magnetic field is 3.14 × 10–4 T.
2. (a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make an angle of 60º with the normal of the coil. Calculate the magnitude of the counter torque that must be applied to prevent the coil from turning.
(b) Would your answer change, if the circular coil in (a) were replaced by a planar coil of some irregular shape that encloses the same area? (All other particulars are also unaltered.) 
Ans:(a) Number of turns on the circular coil, n = 30
Radius of the coil, r = 8.0 cm = 0.08 m
Area of the coil [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6933/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m3af27cf8.gif]
Current flowing in the coil, I = 6.0 A
Magnetic field strength, B = 1 T
Angle between the field lines and normal with the coil surface,
θ = 60°
The coil experiences a torque in the magnetic field. Hence, it turns. The counter torque applied to prevent the coil from turning is given by the relation,
τ = n IBA sinθ … (i)
= 30 × 6 × 1 × 0.0201 × sin60°
= 3.133 N m
(b) It can be inferred from relation (i) that the magnitude of the applied torque is not dependent on the shape of the coil. It depends on the area of the coil. Hence, the answer would not change if the circular coil in the above case is replaced by a planar coil of some irregular shape that encloses the same area.
AMPERE’S CIRCUITAL LAW
 Ampere’s law states that The line integral of magnetic field around any closed path or circuit is equal to µ0 times the total current threading the closed circuit.
       
Magnetic field due to a straight infinite current-carrying wire
	 Consider a magnetic closed loop of radius r around a current carrying straight conductor. Let dl be the small segment on the loop. 
             (
             =
           = B 2πr
From Ampere circuital law

                   B 2πr = 
                    B =
               B =
	


      


1. It implies that the field at every point on a circle of radius r, (with the wire along the axis), is same in magnitude. In other words, the magnetic field possesses what is called a cylindrical symmetry.
2. The field direction at any point on this circle is tangential to it.
3. The field is directly proportional to the current and inversely proportional to the distance from the (infinitely long) current source.
Q1. A long straight wire carries a current of 35 A. What is the magnitude of the field B at a point 20 cm from the wire?
Ans: Current in the wire, I = 35 A
Distance of a point from the wire, r = 20 cm = 0.2 m
Magnitude of the magnetic field at this point is given as:
B[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6917/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m39b362a0.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6917/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m144f80ba.gif] = Permeability of free space = 4π × 10–7 T m A–1
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6917/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m7c184788.gif]
Hence, the magnitude of the magnetic field at a point 20 cm from the wire is 3.5 × 10–5 T.
Q2. A long straight wire in the horizontal plane carries a current of 50 A in north to south direction. Give the magnitude and direction of B at a point 2.5 m east of the wire.
Ans:Current in the wire, I = 50 A
A point is 2.5 m away from the East of the wire.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6919/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4dd19828.gif] Magnitude of the distance of the point from the wire, r = 2.5 m.
Magnitude of the magnetic field at that point is given by the relation, B[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6919/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_99c577a.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6919/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m144f80ba.gif] = Permeability of free space = 4π × 10–7 T m A–1
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6919/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_19d58ce4.gif]
The point is located normal to the wire length at a distance of 2.5 m. The direction of the current in the wire is vertically downward. Hence, according to the Maxwell’s right hand thumb rule, the direction of the magnetic field at the given point is vertically upward.
Q3.A horizontal overhead power line carries a current of 90 A in east to west direction. What is the magnitude and direction of the magnetic field due to the current 1.5 m below the line? 
Current in the power line, I = 90 A
Point is located below the power line at distance, r = 1.5 m
Hence, magnetic field at that point is given by the relation,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6920/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_2d4d69b5.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6920/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m144f80ba.gif] = Permeability of free space = 4π × 10–7 T m A–1
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6920/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_30585bc4.gif]
The current is flowing from East to West. The point is below the power line. Hence, according to Maxwell’s right hand thumb rule, the direction of the magnetic field is towards the South.
Q4. What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A and making an angle of 30º with the direction of a uniform magnetic field of 0.15 T? 
Ans: Current in the wire, I = 8 A
Magnitude of the uniform magnetic field, B = 0.15 T
Angle between the wire and magnetic field, θ = 30°.
Magnetic force per unit length on the wire is given as:
f = BI sinθ
= 0.15 × 8 ×1 × sin30°
= 0.6 N m–1
Hence, the magnetic force per unit length on the wire is 0.6 N m–1.
THE SOLENOID AND THE TOROID
[image: ]
Consider a rectangular loop PQRS near the middle of solenoid as shown in figure where PQ = l.
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image7250440608110892385.jpg]

Let the magnetic field along the path PQ be B and zero along RS. As the paths QR and PS are perpendicular to the axis of solenoid, the magnetic field component along these paths is zero. Therefore, the path QR and PS will not contribute to the line integral of magnetic field B.
Total number of turns in length l = Nl
The line integral of magnetic field induction B over the closed path PQRS is
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image8164737464096268323.jpg]
here,
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image1747650264971348292.jpg]
and
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image4978220667838671571.jpg]
also, outside the solenoid (as B = 0)
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image8866573201466459835.jpg]
thus, we have
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image734468815148687628.jpg]
now, from Ampere's Circuital Law
= μ0 × Number of turns in rectangle × Current BL = μ0nLI
so, finally we get
[image: http://www.meritnation.com/img/shared/discuss_editlive/2241653/2012_03_03_09_12_33/image3665209697150146858.jpg]
This relation gives the magnetic field induction at a point well inside the solenoid.
The toroid
       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. 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.
[image: ][image: ]



Let the magnetic field along loop of radius r be B in magnitude. The circular area bounded by loop is
                         L = 2
Total number of turns = N
No of turns per unit length,  n = 
The current enclosed I is = NI
From Ampere circuital law
                    (
             =
           = B 2πr
B 2πr =
     B 2πr   = 
       B =
1.. A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular to its axis. The magnetic field inside the solenoid is given to be 0.27 T. What is the magnetic force on the wire?
Length of the wire, l = 3 cm = 0.03 m
Current flowing in the wire, I = 10 A
Magnetic field, B = 0.27 T
Angle between the current and magnetic field, θ = 90°
Magnetic force exerted on the wire is given as:
F = BIlsinθ
= 0.27 × 10 × 0.03 sin90°
= 8.1 × 10–2 N
Hence, the magnetic force on the wire is 8.1 × 10–2 N. The direction of the force can be obtained from Fleming’s left hand rule
2. A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The diameter of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside the solenoid near its centre.
Ans: Length of the solenoid, l = 80 cm = 0.8 m
There are five layers of windings of 400 turns each on the solenoid.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6925/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4dd19828.gif]Total number of turns on the solenoid, N = 5 × 400 = 2000
Diameter of the solenoid, D = 1.8 cm = 0.018 m
Current carried by the solenoid, I = 8.0 A
Magnitude of the magnetic field inside the solenoid near its centre is given by the relation,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6925/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m67390b91.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6925/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m144f80ba.gif] = Permeability of free space = 4π × 10–7 T m A–1
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6925/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_1787d6a1.gif]
Hence, the magnitude of the magnetic field inside the solenoid near its centre is 2.512 × 10–2 T.

FORCE BETWEEN TWO PARALLEL CURRENTS, THE AMPERE
Consider two infinitely long thin conductors carrying currents in opposite directions.
Magnetic field B1 due to I1 at P on conductor CD is given by:
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_2e059bff]
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m32fab9e4]
The magnetic field B1 is perpendicular to plane of paper and directed inward. This field will produce a force/length F2 on conductor CD given by:
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m1ecac753]
F2 = 
By Fleming’s left hand rule, direction of F2 is away from conductor AB.
Similarly the current I2 will create a field B2 at Q directed inward, which in turn will create force/length F1.
 B2 = 
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_17da1361]
F1 = 
F1 = F2 = F 
F =
By Fleming’s left hand rule, the direction F1 is away from the conductor CD. Hence, the two conductors repel each other.
Definition of Ampere: 
If I1 = I2 = 1 A and r = 1 m, then 
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_c0b804a]
Thus, one ampere is that current which on flowing through each of the two parallel uniform linear conductors placed in free space at a distance of one metre from each other produces between them a force of 2 × 10−7 N per metre of their lengths.
1.Two long parallel straight wires X and Y separated by a distance of 5 cm in air carry currents of 10 A and 5 A respectively in opposite directions. Calculate the magnitude and direction of the force on a 20 cm length of the wire Y.
[image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m678764e2]
Solution:
Here, r = 5 cm = 5 × 10−2 m
I1 = 10A, I2 = 5 A
l = 20 cm × 10−2 m
[image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m6e260785]
Where [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m517fa4b9]is permeability of free space
[image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_c9bf692]
The direction of the force is perpendicular to the length of wire Y and acts away from X (repulsion).
2.Two long parallel straight wires X and Y separated by a distance of 2.5 cm in air carry currents of 5 A and 2.5 A respectively in opposite directions. Calculate the magnitude and direction of the force on a 10 cm length of the wire Y.
Solution:
[image: Phy_2004_Set2_Outside%20Delhi_Vandana_SS_html_m61db87ae]
Let the force on a 10 cm length of wire Y be F 
Force per unit length is given by the following equation.
[image: Phy_2004_Set2_Outside%20Delhi_Vandana_SS_html_m75a078c0]
Where,
l→ Length of the wires
Ia→ Current flowing through one wire
Ib→ Current flowing through the other wire
r→ Distance between the wires
[image: Phy_2004_Set2_Outside%20Delhi_Vandana_SS_html_m34240e81]
The wires X and Y carry currents in opposite directions. So, the force between them will be repulsive. Therefore, the force on wire Y will be directed towards the right direction.

Torque on a rectangular current loop in a uniform magnetic field: 
       Consider a rectangular loop PQRS carrying current I suspended in an uniform magnetic field B. The loop makes an angle θ with the direction of magnetic field as shown in fig.
[image: ]
Lorentz force on PQ
                       F1 = BIa sinθ                           (Directed upwards)
Lorentz force on QR
                      F2 = BIb sin 
                           = BIb                                  (Directed inwards)
Lorentz force on RS
                    F3 = BIa Sin(180 –θ)
                         = BIa sinθ                           (Directed downwards)
Lorentz force on SP
                  F4 = BIb sin 
                       = BIb                                     (Directed outwards)
Forces F1 and F3 acts along the same axis and cancels each other. Forces F2 and F4 equal and opposite constitute a torque (couple)
Torque acting on the loop 
              = Magnitude of one of the force x perpendicular distance
              = BIb x  TQ
	              = BIb x a cosθ
         = BIA cosθ                           ( A =a x b)
If there are N turns then
          = BINA cosθ                       
OR
 = BINA cos (θ)
           = BINA sinθ                       
    Magnetic dipole moment M = NIA
 = MB sinθ      

        
If θ = 0 then
          = BINA
If θ = then
 = 0
  
	From ΔPQT
Cosθ = TQ/PQ
      TQ = PQ Cosθ
          = a cos θ


THE MOVING COIL GALVANOMETER   
 Moving coil galvanometer used to measure small current      
 Principle: Its working is based on the fact that when a current carrying coil is placed in a magnetic field, it experiences a torque.
Construction:   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

[image: ]
Theory: When current flows through the coil placed parallel to uniform magnetic field. No Lorenz force acts on PQ and RS.

Lorentz force on QR
                      F1= BIb sin 
                           = BIb                                  (Directed inwards)
Lorentz force on SP
                  F4 = BIb sin 
                       = BIb                                    (Directed outwards)
             [image: ]
 Forces F1and F2 equal and opposite constitute a torque (couple)
Torque acting on the loop 
              = Magnitude of one of the force x perpendicular distance
              = NBIb x a
           = BINA
The magnetic torque NIAB tends to rotate the coil. A spring Sp provides a counter torque kØ that balances the magnetic torque NIAB; resulting in a steady angular deflection Ø. In equilibrium
          kØ = NI AB
where k is the torsional constant of the spring; i.e. the restoring torque per unit twist. The deflection Ø is indicated on the scale by a pointer attached to the spring. We have
                        Ø = 
Or
I = 

I

Current sensitivity : current sensitivity of the galvanometer defined as the deflection per unit current
                    [image: ]
Voltage sensitivity: voltage sensitivity of the galvanometer defined as the deflection per unit
Voltage
              [image: ]
1. .A circular coil of 100 turns, radius 10 cm carries a current of 5 A. It is suspended vertically in a uniform horizontal magnetic field of 0.5 T, the field lines making an angle of 60° with the plane of the coil. Calculate the magnitude of the torque that must be applied on it to prevent it from turning.
Here,
Number of turns in the coil, N = 100
Radius of the coil, r = 10 cm
Current, I = 5 A
Magnetic field, B = 0.5 T
θ = 90° − 60° = 30°
τ = NIBA sinθ
τ = 100 ×5 × 0.5 × (3.14 × .10 × .10) × sin 30°
τ = 3.925 Nm
2. A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is suspended vertically in a uniform horizontal magnetic field of 0.25 T, with the plane of the coil making an angle of 60° with the field lines. Calculate the magnitude of the torque that must be applied on it to prevent it from turning.
Here, number of turns of coil, n = 200
Radius, r = 5 cm = 0.05 m
Current, I = 2.5 A
Magnetic field, B = 0.25 T
θ = 90° − 60° = 30°
[image: Phy_2004_Set2_Outside%20Delhi_Vandana_SS_html_6290838]τ = BInA sinθ
∴ τ = 200 × 2.5 × 0.25 × (3.14 × .05 × .05) sin 30°
Or, τ = 0.49 Nm
3. A circular coil of 200 turns and radius 10 cm is placed in a uniform magnetic field of 0.5 T, normal to the plane of the coil. If the current in the coil is 3.0 A, calculate the 
(a) Total torque on the coil
(b) Total force on the coil
(c) Average force on each electron in the coil due to the magnetic field
Assume the area of cross-section of the wire to be 10−5 m2 and the free electron density is 1029/m3. 
Ans: Here n = 200, r = 10 cm = 0.1 m
B = 0.5 T, I = 3 A
(a) Torque is given by the relation:
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_5ad4f137]
(b) The total force on a current loop placed in a magnetic field is always zero.
(c) Given N = 1029 /m3, A = 10−5 m2
Average force on an electron of charge (e), moving with drift velocity (Vd) in the magnetic field (B), is given by:
F = BeVd
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_m44536127]

Conversion of galvanometer into ammeter:
i. Ammeter is used to measure current through the circuit
ii. Ammeter always connected in series
iii. Ideal ammeter have zero resistance
iv. A galvanometer can be converted into an ammeter of required range by connecting a shunt resistance (very low resistance) in parallel.
[image: Phy_2004_Set1_Delhi_Vandana_SS_html_m1b1515da]
             P.D. across the galvanometer = P.D. across the shunt 
                                 Ig G = ( I - Ig ) S
          S = 
v. Resistance of the ammeter is
   RA =

Conversion of galvanometer into voltmeter:
i. Voltmeter is used to measure potential difference.
ii. Voltmeter always connected in parallel
iii. Ideal Voltmeter have infinite resistance
iv. A galvanometer can be converted into a voltmeter of required range by connecting a high resistance in series.
                         [image: ]
      V = (R + G) I
      R = 
v. Resistance of the voltmeter, 
                            RV = R + G
1.A galvanometer with a coil of resistance 120 ohm shows full scale deflection for a current of 2.5 mA. How will you convert the galvanometer into an ammeter of range 0 to 7.5 A. Determine the net resistance of the ammeter.
When an ammeter is put in a circuit, does it read slightly less or more than the actual current in the original circuit? Justify your answer.
Ans: Here,
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_m1dfd4780]
Net resistance of the ammeter:
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_m2c3cc91f]
2. In an ammeter (consisting of a galvanometer and a shunt), 0.5% of the main current passes through the galvanometer. Resistance of the galvanometer coil is G. Calculate the resistance of the shunt in terms of galvanometer resistance, G.
Ans: Let the shunt resistance be S, the Galvanometer resistance be G, and the main current be I.
Because they are connected in parallel, their combined resistance will be [image: Phy_2007_Set1_Outside%20Delhi_Saif].
Voltage drop across the combination will be I ×[image: Phy_2007_Set1_Outside%20Delhi_Saif].
Current through G is 0.5% of main current (I) = 0.005I
Current through S is 99.5% of I = 0.995I
If we apply Ohm’s law for the shunt only, then
V = I × R
I ×[image: Phy_2007_Set1_Outside%20Delhi_Saif]= 0.995I × S
Solving, we obtain
[image: Phy_2007_Set1_Outside%20Delhi_Saif]= 0.995
[image: Phy_2007_Set1_Outside%20Delhi_Saif]S [image: Phy_2007_Set1_Outside%20Delhi_Saif]
Thus, the resistance of the shunt is [image: Phy_2007_Set1_Outside%20Delhi_Saif].
3. A galvanometer coil has a resistance of 12 Ω and the metre shows full scale deflection for a current of 3 mA. How will you convert the metre into a voltmeter of range 0 to 18 V? 
Ans: Resistance of the galvanometer coil, G = 12 Ω
Current for which there is full scale deflection, [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6965/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_746e7c7d.gif] = 3 mA = 3 × 10−3 A
Range of the voltmeter is 0, which needs to be converted to 18 V.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6965/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4dd19828.gif]V = 18 V
Let a resistor of resistance R be connected in series with the galvanometer to convert it into a voltmeter. This resistance is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6965/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m6b4a645a.gif]
Hence, a resistor of resistance [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6965/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m5ad2267f.gif] is to be connected in series with the galvanometer.
4.A galvanometer coil has a resistance of 15 Ω and the metre shows full scale deflection for a current of 4 mA. How will you convert the metre into an ammeter of range 0 to 6 A? 
Ans: Resistance of the galvanometer coil, G = 15 Ω
Current for which the galvanometer shows full scale deflection,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6967/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_746e7c7d.gif] = 4 mA = 4 × 10−3 A
Range of the ammeter is 0, which needs to be converted to 6 A.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6967/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4dd19828.gif]Current, I = 6 A
A shunt resistor of resistance S is to be connected in parallel with the galvanometer to convert it into an ammeter. The value of S is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6967/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4fb1723.gif]
Hence, a [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6967/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m65d7b872.gif] shunt resistor is to be connected in parallel with the galvanometer.
The magnetic dipole moment of a revolving electron
    In the Bohr model, the electron (a negatively charged particle) revolves around a positively charged nucleus much as a planet revolves around the sun. The force in the former case is electrostatic (Coulomb force) while it is gravitational for the planet-Sun case. We show this Bohr picture of the electron in Fig.



                                        [image: ]

        In the Bohr model of hydrogen-like atoms, the negatively charged electron is revolving with uniform speed around a centrally placed positively charged (+Z e) nucleus. The uniform circular motion of the electron constitutes a current. The direction of the magnetic moment is into the plane of the paper and is indicated separately by  

       The electron of charge (–e) performs uniform circular motion around a stationary heavy nucleus of charge +Ze. This constitutes a current I, where,
              I = 
and T is the time period of revolution. Let r be the orbital radius of the electron, and v the orbital speed. Then,
                T = 
                I = 
There will be a magnetic moment, usually denoted by associated with this circulating current
= I A
                            = I πr2
                          =  πr2
                             =  
The direction of this magnetic moment is into the plane of the paper. Angular momentum
               L =  mvr 
             vr = L/m
   =  
                    = 
                  = 
        If n=1
 =
                              [image: ]
This value is called the Bohr magneton.

1.(a) A magnetic field that varies in magnitude from point to point but has a constant direction (east to west) is set up in a chamber. A charged particle enters the chamber and travels undeflected along a straight path with constant speed. What can you say about the initial velocity of the particle?
(b) A charged particle enters an environment of a strong and non-uniform magnetic field varying from point to point both in magnitude and direction, and comes out of it following a complicated trajectory. Would its final speed equal the initial speed if it suffered no collisions with the environment?
(c) An electron travelling west to east enters a chamber having a uniform electrostatic field in north to south direction. Specify the direction in which a uniform magnetic field should be set up to prevent the electron from deflecting from its straight line path. 
Ans:(a) The initial velocity of the particle is either parallel or anti-parallel to the magnetic field. Hence, it travels along a straight path without suffering any deflection in the field.
(b) Yes, the final speed of the charged particle will be equal to its initial speed. This is because magnetic force can change the direction of velocity, but not its magnitude.
(c) An electron travelling from West to East enters a chamber having a uniform electrostatic field in the North-South direction. This moving electron can remain undeflected if the electric force acting on it is equal and opposite of magnetic field. Magnetic force is directed towards the South. According to Fleming’s left hand rule, magnetic field should be applied in a vertically downward direction.
2. An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV, enters a region with uniform magnetic field of 0.15 T. Determine the trajectory of the electron if the field (a) is transverse to its initial velocity, (b) makes an angle of 30º with the initial velocity. 
Ans: Magnetic field strength, B = 0.15 T
Charge on the electron, e = 1.6 × 10−19 C
Mass of the electron, m = 9.1 × 10−31 kg
Potential difference, V = 2.0 kV = 2 × 103 V
Thus, kinetic energy of the electron = eV
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_7853d48b.gif]
Where,
v = velocity of the electron
(a) Magnetic force on the electron provides the required centripetal force of the electron. Hence, the electron traces a circular path of radius r.
Magnetic force on the electron is given by the relation,
B ev
Centripetal force [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m1e2570e4.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_2f9ace85.gif]
From equations (1) and (2), we get
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_61dbcf00.gif]
Hence, the electron has a circular trajectory of radius 1.0 mm normal to the magnetic field.
(b) When the field makes an angle θ of 30° with initial velocity, the initial velocity will be [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_3efa644d.gif] 
From equation (2), we can write the expression for new radius as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6946/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_5ee3da9b.gif]

Hence, the electron has a helical trajectory of radius 0.5 mm along the magnetic field direction.
3. A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended by two vertical wires at its ends. A current of 5.0 A is set up in the rod through the wires.
(a) What magnetic field should be set up normal to the conductor in order that the tension in the wires is zero?
(b) What will be the total tension in the wires if the direction of current is reversed keeping the magnetic field same as before? (Ignore the mass of the wires.) g = 9.8 m s−2. 
Ans: Length of the rod, l = 0.45 m
Mass suspended by the wires, m = 60 g = 60 × 10−3 kg
Acceleration due to gravity, g = 9.8 m/s2
Current in the rod flowing through the wire, I = 5 A
(a) Magnetic field (B) is equal and opposite to the weight of the wire i.e.,
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6950/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m47be0f1d.gif]
A horizontal magnetic field of 0.26 T normal to the length of the conductor should be set up in order to get zero tension in the wire. The magnetic field should be such that Fleming’s left hand rule gives an upward magnetic force.
(b) If the direction of the current is revered, then the force due to magnetic field and the weight of the wire acts in a vertically downward direction.
∴Total tension in the wire = BIl + mg
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6950/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_402fa35c.gif]
4.A uniform magnetic field of 3000 G is established along the positive z-direction. A rectangular loop of sides 10 cm and 5 cm carries a current of 12 A. What is the torque on the loop in the different cases shown in Fig. 4.28? What is the force on each case? Which case corresponds to stable equilibrium?
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m2f84f097.jpg] 
Ans: Magnetic field strength, B = 3000 G = 3000 × 10−4 T = 0.3 T
Length of the rectangular loop, l = 10 cm
Width of the rectangular loop, b = 5 cm
Area of the loop,
A = l × b = 10 × 5 = 50 cm2 = 50 × 10−4 m2
Current in the loop, I = 12 A
Now, taking the anti-clockwise direction of the current as positive and vise-versa:
(a) Torque, [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m5bf18160.gif]
From the given figure, it can be observed that A is normal to the y-z plane and B is directed along the z-axis.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_7befbd69.gif]
The torque is [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_23631a18.gif] N m along the negative y-direction. The force on the loop is zero because the angle between A and B is zero.
(b) This case is similar to case (a). Hence, the answer is the same as (a).
(c) Torque [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m2503405f.gif]
From the given figure, it can be observed that A is normal to the x-z plane and B is directed along the z-axis.
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m21d9bd48.gif]
The torque is [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_23631a18.gif] N m along the negative x direction and the force is zero.
(d) Magnitude of torque is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_49a5d52f.gif]
Torque is [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_23631a18.gif] N m at an angle of 240° with positive x direction. The force is zero.
(e) Torque [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m2503405f.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m5813d7ef.gif]
Hence, the torque is zero. The force is also zero.
(f) Torque [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m2503405f.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m5813d7ef.gif]
Hence, the torque is zero. The force is also zero.
In case (e), the direction of [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4923261f.gif]and [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m4b0e914a.gif]is the same and the angle between them is zero. If displaced, they come back to an equilibrium. Hence, its equilibrium is stable.
Whereas, in case (f), the direction of [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_4923261f.gif]and [image: http://cbse.meritnation.com/img/curr/1/12/16/248/6957/NS_17-11-2008_Sravana_12_Physics_4_28_NRJ_SG_html_m4b0e914a.gif]is opposite. The angle between them is 180°. If disturbed, it does not come back to its original position. Hence, its equilibrium is unstable.





Home work
1. State Biot – Savart Law and apply it to determine the magnetic field at a point on the axis of a circular loop carrying current.
2. State Ampere’s Circuital law and apply it to find the magnetic field at a point due to (a) A straight conductor carrying current (b) A current carrying solenoid (c) A current carrying toroid
3. Describe the principle construction and working of a cyclotron.
4. Describe the principle, construction and working of a moving coil galvanometer.
5. Describe the conversion of a galvanometer in to (a)Voltmeter (b) Ammeter
6. Derive an expression for cyclotron frequency
7. Derive an expression for the torque on a current carrying coil placed in a uniform magnetic field
8. Discuss the equivalence of a current carrying solenoid and a bar magnet
9. Discuss the action of a current carrying coil as an equivalent magnetic dipole.
10. How are magnetic lines of force different from electric lines of force?
11. What is Bohr magneton? Derive an expression for it and calculate its value.
12. What is a radial magnetic field? Draw diagram to illustrate how is it realised in a moving coil galvanometer. What is the advantage of a radial magnetic field in MCG?
13. Derive an expression for the force between two straight parallel current carrying conductors of infinite length and hence define one ampere.
14. Derive an expression for the force on a current carrying conductor in a uniform magnetic field.
15. Describe the motion of a charged particle that enters into a magnetic field at right angle. Obtain expression for (i) time period (ii) frequency and (iii) angular frequency
16. Find an expression for the force on a moving charge in a magnetic field. State Fleming’s left hand rule. Find the force on a moving charge when (i) moving parallel or anti parallel to the field (ii) moving at right angle to the field and (iii) at rest. Also give the definition of unit magnetic field.
17. Compare Biot Savart’s law and Ampere’s circuital law
18. What is Lorentz force? Give some important characteristics of this force. How can it be used to differentiate the motion of a charged particle in a magnetic field and electric field?
19. Show that the kinetic energy of a charged particle moving in a uniform magnetic field remains constant.
20. Derive an expression for the maximum kinetic energy acquired by a charged particle accelerate din a cyclotron.
21. Why electrons and neutrons cannot be accelerated in a cyclotron?











                                        MODEL TEST PAPER
SUB: PHYSICS                                                                                             MARKS: 25
TOPIC: MOVING CHARGES AND MAGNETISM                  TIME: 60 MIN                                                                           
GENRAL INSTRUCTIOS:
i. Q No 1 to 5 carries one mark each,          ii) Q No 6 to 8 carries two marks each,
iii) Q No 9 to 11 carries three marks each    iv) Q No 12 carries five marks
--------------------------------------------------------------------------------------------------------------------------------------------------------------------
1. What is Bohr magneton?
2. What is the resistance of an ideal voltmeter?
3. What is trajectory of a charged particle moving parallel to magnetic field.
4. A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of 0.40 A. What is the magnitude of the magnetic field B at the centre of the coil?
5. Sketch the magnetic field lines due to a circular current carrying loop
6. Why electrons and neutrons cannot be accelerated in a cyclotron?
7. A circular coil of 50 turns and radius 0.2m carries a current of 12A. Find magnetic moment associated with it.
8. Using Ampere circuital law derive expression for magnetic field due to a long current carrying wire
9. The figure shows rectangular current carrying loop, placed 2cm away from a long straight current carrying conductor. What is the direction and magnitude of the net force acting on the loop?
                              [image: ]
10. A galvanometer coil has a resistance of 15 Ω and the metre shows full scale deflection for a current of 4 mA. How will you convert the metre into an ammeter of range 0 to 6 A?
11. Derive an expression for the force between two straight parallel current carrying conductors of infinite length and hence define one ampere.
12. Describe the principle, construction and working of a moving coil galvanometer with the help of neat labelled diagram.
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