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MAGNETISM AND MATTER

          Some of the commonly known ideas regarding magnetism are:
(i) The earth behaves as a magnet with the magnetic field pointing approximately from the geographic south to the north.
(ii) When a bar magnet is freely suspended, it points in the north-south direction. The tip which points to the geographic north is called the north pole and the tip which points to the geographic south is called the south pole of the magnet.
(iii) There is a repulsive force when north poles ( or south poles ) of two magnets are brought close together. Conversely, there is an attractive force between the north pole of one magnet and the south pole of the other.
(iv) We cannot isolate the north, or south pole of a magnet. If a bar magnet is broken into two halves, we get two similar bar magnets with somewhat weaker properties. Unlike electric charges, isolated magnetic north and south poles known as magnetic monopoles do not exist.
(v) It is possible to make magnets out of iron and its alloys.
THE BAR MAGNET
The arrangement of iron filings sprinkled on a sheet of glass placed over a short bar magnet is shown in Fig.

                           [image: http://electrapk.com/wp-content/uploads/2012/02/c.jpg]

       The pattern of iron filings suggests that the magnet has two poles similar to the positive and negative charge of an electric dipole. One pole is designated the North pole and the other, the South pole. When suspended freely, these poles point approximately towards the geographic north and south poles, respectively. A similar pattern of iron filings is observed around a current carrying solenoid.


















	Sl NO
	Physical quantity
	Magnetism

	1
	Fundamental quantity
	Magnetic pole strength (m)
Unit: A-m

	2
	Basic properties
	1.Directive Property: Freely suspended bar magnet aligns approximately parallel to geographic NS direction
2. Like poles repels and unlike poles attracts
3.Exist in pairs ( Dipole)
4. It attracts magnetic substances
5. A magnet can induce magnetism in other magnetic substances.


	3
	Coulomb’s law
	The force of attraction or repulsion between two magnetic poles directly proportional to product of the pole strength and inversely proportional to square of the distance

F =k 
k =  = 10-7N/A or Tm/A





	4
	Field
	Magnetic field (B): Magnetic field at a point is defined as the force experienced by a test pole ( unit N- pole) placed at that point within the Magnetic field region
 B = 
Unit: Tesla (T)  or weber/m
Magnetic field strength B at a point r distance away from a magnetic pole of strength m

B =  

B = Magnetic field (Tesla )
M = Pole strength ( A-m)
R = distance from the pole ( meter)


	5
	Dipole length
	2l

	6
	Dipole moment
	Magnetic dipole moment (M) : It is defined as the product of magnitude of either pole strength and dipole length
  M = 2al
Unit: A –m2
M is a vector and direction is S –pile to N-pole
Magnetic moment of a current loop
M = NIA
N = No of turns
I = Current
A = Area

	7
	Field at a point on the axial line due to dipole
	Magnetic field at a point on the axis of a bar magnet
B =  

If  r >> l then  

B = 

	8
	Torque acting on a dipole placed in a uniform field
	Torque acting on a bar magnet  placed in a uniform magnetic field
 = MB sinθ

	9
	Field at a point on the equatorial line due to dipole
	Magnetic field at a point on the equatorial line of a bar magnet
B =
At large distances (r >> l), this reduces to
B = 

	10
	Gauss’s theorem
	Total magnetic flux through a closed surface is equal to zero

Ø = = 0

	11
	Field lines
	Magnetic Field lines: It is defined as the path described by a freely placed test pole.
1.Magnetic monopoles does not exist
2. Field lines start from N - pole and end at S- pole. 



3.Tangent drawn at a point on the electric field lines gives the direction of electric field at that point.
.
# 4. Two field lines can never cross each other. (If they did, the field at the point of intersection will have more than one direction, which is absurd.) 

                                               

# 5. Magnetic field lines do not form any closed loops. This follows from the conservative nature of magnetic field 

	12
	Potential energy of a dipole placed in a uniform field
	Potential energy of an bar magnet placed in a uniform magnetic field
U = - MB ( cosθ1 – cos Ø2)














  THE EARTH’S MAGNETISM (Terrestrial Magnetism):

       The strength of the earth’s magnetic field varies from place to place on the earth’s surface; its value being of the order of 10–5 T. The magnetic field is now thought to arise due to electrical currents produced by convective motion of metallic fluids in the outer core of the earth. This is known as the dynamo effect.
     The axis of the dipole does not coincide with the axis of rotation of the earth but is presently titled by approximately 11.3º with respect to the later. The location of the north magnetic pole is at a latitude of 79.74º N and a longitude of 71.8º W, a place somewhere in north Canada. The magnetic south pole is at 79.74º S, 108.22º E in the Antarctica.
                                       [image: ]
i) Geographic Axis is a straight line passing through the geographical poles of the earth. It is the axis of rotation of the earth.  It is also known as polar axis.
ii) Geographic Meridian at any place is a vertical plane passing through the geographic north and south poles of the earth.
iii) Geographic Equator is a great circle on the surface of the earth, in a plane perpendicular to the geographic axis. All the points on the geographic equator are at equal distances from the geographic poles.
iv) Magnetic Axis is a straight line passing through the magnetic poles of the earth.  It is inclined to Geographic Axis nearly at an angle of 11.3º
v) Magnetic Meridian at any place is a vertical plane passing through the magnetic north and south poles of the earth.
vi) Magnetic Equator is a great circle on the surface of the earth, in a plane perpendicular to the magnetic axis.  All the points on the magnetic equator are at equal distances from the magnetic poles.
    Earth’s magnetic elements:                     
                                     [image: ]
(i) Angle of dip (δ): The angle made by the earth’s total magnetic field [image: Phy_2005_Set1_Delhi_Vandana_SS_html_4ce7961e]with the horizontal component of earth’s magnetic field (BH) is called angle of dip at any place.
(ii) Magnetic declination (θ): The angle between the geographic meridian and magnetic meridian at a place is called magnetic declination at that place.
From ΔOPQ
	Cosθ = OP/OQ
Cosθ = BH / B
BH = B Cosθ 
	          sinθ = OQ/OQ
          sinθ = BV / B
           BV= B sinθ


                B2 = BH2 + BV2
                           B = √(BH2 + BV2)
              tanθ = BV / BH
  Angle of dip, θ =
(iii) Earth’s horizontal components of magnetic field: It is the components of earth’s magnetic field along horizontal direction and given by
                            BH = B Cosθ
Note: 1. Declination varies from place to place.
Lines shown on the map through the places that have the same declination are called isogonic line.
Line drawn through places that have zero declination is called an agonic line.
2. Dip is zero at the equator and 90° at the poles.
Lines drawn up on a map through places that have the same dip are called isoclinic lines.  
The line drawn through places that have zero dip is known as an aclinic line.  It is the magnetic equator.
1. The vertical component of Earth’s magnetic field at a place is [image: Phy_2006_Set1_Delhi_Vandana_SS_html_m632093a2]times the horizontal component. What is the value of angle of dip at this place?
Ans:
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_5953139]
∴Angle of dip, [image: Phy_2006_Set1_Delhi_Vandana_SS_html_m14aad32c]= 60°

MAGNETISATION AND MAGNETIC INTENSITY:
Magnetic Intensity or Magnetising force (H):
i) Magnetic Intensity at a point is the force experienced by a north pole of unit pole strength placed at that point due to pole strength of the given magnet.      H = B / μ
ii) It is also defined as the magnetomotive force per unit length.
iii) It can also be defined as the degree or extent to which a magnetic field can magnetise a substance.
iv) It can also be defined as the force experienced by a unit positive charge flowing with unit velocity in a direction normal to the magnetic field.
Its SI unit is ampere-turns per linear metre.
Magnetic Field Strength or Magnetic Field or Magnetic Induction or Magnetic Flux Density (B):
i) Magnetic Flux Density is the number of magnetic lines of force passing normally through a unit area of a substance.   B = μ H 
ii) Its SI unit is weber-m-2 or Tesla (T).
iii) Its cgs unit is gauss.                                             1 gauss = 10- 4 Tesla
Magnetic Flux (Φ):
i) It is defined as the number of magnetic lines of force passing normally through a surface.
ii) Its SI unit is weber.
iii) Relation between B and H:
iv)                   B = μ H      (where μ is the permeability of the medium)
Magnetic Permeability (μ):
i) It is the degree or extent to which magnetic lines of force can pass enter a substance.
ii) Its SI unit is T m A-1  or    wb A-1 m-1
Relative Magnetic Permeability (μr):
i) It is the ratio of magnetic flux density in a material to that in vacuum.
ii) It can also be defined as the ratio of absolute permeability of the material to that in vacuum.
μr = B / B0
OR     μr = μ / μ0
Intensity of Magnetisation: (I):
i) It is the degree to which a substance is magnetised when placed in a magnetic field.
ii) It can also be defined as the magnetic dipole moment (M) acquired per unit volume of the substance (V).
iii) It can also be defined as the pole strength (m) per unit cross-sectional area (A) of the substance.
iv) I = M / V       
v) I = m(2l) / A(2l)   = m / A
vi) SI unit of Intensity of Magnetisation is A m-1. 
Magnetic Susceptibility (χ):
i) It is the property of the substance which shows how easily a substance can be magnetised.
ii) It can also be defined as the ratio of intensity of magnetisation (I) in a substance to the magnetic intensity (H) applied to the substance.
iii)  χ  = I / H                                      Susceptibility has no unit. 
μr = 1 + χ

Comparison of Dia, Para and Ferro Magnetic materials: 
	DIA
	PARA
	FERRO

	1.  Diamagnetic substances are those substances which are feebly repelled by a magnet.
Eg. Antimony, Bismuth, Copper, Gold, Silver, Quartz, Mercury, Alcohol, water, Hydrogen, Air, Argon, etc.
	Paramagnetic substances are those substances which are feebly attracted by a magnet.
Eg. Aluminium, Chromium, Alkali and Alkaline earth metals, Platinum, Oxygen, etc.
	Ferromagnetic substances are those substances which are strongly attracted by a magnet.
Eg. Iron, Cobalt, Nickel, Gadolinium, Dysprosium, etc.

	2. When placed in magnetic field, the lines of force tend to avoid the substance.


	The lines of force prefer to pass through the substance rather than air.


	The lines of force tend to crowd into the specimen.



	3. When placed in non-uniform magnetic field, it moves from stronger to weaker field (feeble repulsion).
	When placed in non-uniform magnetic field, it moves from weaker to stronger field (feeble attraction).
	When placed in non-uniform magnetic field, it moves from weaker to stronger field (strong attraction).

	4.  When a diamagnetic rod is freely suspended in a uniform magnetic field, it aligns itself in a direction perpendicular to the field.


	When a paramagnetic rod is freely suspended in a uniform magnetic field, it aligns itself in a direction parallel to the field.


	When a paramagnetic rod is freely suspended in a uniform magnetic field, it aligns itself in a direction parallel to the field very quickly.



	5. If diamagnetic liquid taken in a watch glass is placed in uniform magnetic field, it collects away from the centre when the magnetic poles are closer and collects at the centre when the magnetic poles are farther.


	If paramagnetic liquid taken in a watch glass is placed in uniform magnetic field, it collects at the centre when the magnetic poles are closer and collects away from the centre when the magnetic poles are farther.


	If ferromagnetic liquid taken in a watch glass is placed in uniform magnetic field, it collects at the centre when the magnetic poles are closer and collects away from the centre when the magnetic poles are farther.



	6.  When a diamagnetic substance is placed in a magnetic field, it is weakly magnetised in the direction opposite to the inducing field. 
	When a paramagnetic substance is placed in a magnetic field, it is weakly magnetised in the direction of the inducing field. 
	When a ferromagnetic substance is placed in a magnetic field, it is strongly magnetised in the direction of the inducing field. 

	7.  Induced Dipole Moment (M) is a small      – ve value.
	Induced Dipole Moment (M) is a  small + ve value.
	Induced Dipole Moment (M) is a  large + ve value.

	7.  Intensity of Magnetisation (I) has a small – ve value.
	Intensity of Magnetisation (I) has a small + ve value.
	Intensity of Magnetisation (I) has a large + ve value.

	8.  Magnetic permeability μ is always less than unity.
	Magnetic permeability μ is more than unity.
	Magnetic permeability μ is large i.e. much more than unity.

	9.  Magnetic susceptibility χ has a small – ve value.
	Magnetic susceptibility χ has a small + ve value.
	Magnetic susceptibility χ has a large + ve value. 

	10. They do not obey Curie’s Law. i.e. their properties do not change with temperature.
	They obey Curie’s Law. They lose their magnetic properties with rise in temperature.
	They obey Curie’s Law. At a certain temperature called Curie Point, they lose ferromagnetic properties and behave like paramagnetic substances.




Curie’s Law:
 Magnetic susceptibility of a material varies inversely with the absolute temperature.
    I α H / T    or    I / H α 1 / T                                        I
      χ α 1 / T
      χ  = C / T            (where C is Curie constant)                              
                                                                                                                    H/T
The ferromagnetic property depends on temperature. At high enough temperature, a ferromagnet becomes a paramagnet. The temperature of transition from ferromagnetic to paramagnetism is called the Curie temperature Tc
Curie temperature for iron is 1000 K, for cobalt 1400 K and for nickel 600 K.
Hysteresis Loop or Magnetisation Curve:
[image: ]
1.Intensity of Magnetisation (I) increases with increase in Magnetising Force (H) initially through OA and reaches saturation at A.
2. When H is decreased, I decreases but it does not come to zero at H = 0.
3. The residual magnetism (I) set up in the material represented by OB is called Retentivity.
4. To bring I to zero (to demagnetise completely), opposite (negative) magnetising force is applied.  This magetising force represented by OC is called coercivity.
5. After reaching the saturation level D, when the magnetising force is reversed, the  curve closes to the point A completing a cycle.
6.The loop ABCDEFA is called Hysteresis Loop.
7.The area of the loop gives the loss of energy due to the cycle of magnetisation and demagnetisation and is dissipated in the form of heat.
8.The material (like iron) having thin loop is used for making temporary magnets and that with thick loop (like steel) is used for permanent magnets.

1. A uniform magnetic field gets modified as shown below, when two specimens X and Y are placed in it.
                             [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m586d0b81]
(i) Identify the two specimens X and Y. 
(ii) State the reason for the behaviour of the field lines in X and Y.
Ans: (i) The specimen X must be diamagnetic and the specimen Y must be paramagnetic or ferromagnetic.
(ii) This is because magnetic lines of force prefer not to pass through diamagnetic material, its permeability being less than one.
On the other hand, through a paramagnetic or ferromagnetic material, magnetic lines of force prefer to pass, their permeability being more than one.
2. Why should the material used for making permanent magnets have high coercivity?
Ans: Materials having high coercivity are used to make permanent magnets because magnetisation of such materials does not get affected by stray magnetic fields or high temperature.
3. The following figure shows the variation of intensity of magnetisation versus the applied magnetic field intensity, H for two magnetic materials A and B:
                                [image: Phy_2008_Set1_Outside%20Delhi_SS_html_m34b18e9a]
(a) Identify the materials A and B.
(b) Why does the material B have a larger susceptibility than A for a given field at constant temperature?
Ans:  (a) Material A is diamagnetic.
Material B is paramagnetic.
(b) Material B has a larger susceptibility than A because paramagnetic substances have a tendency to pull in magnetic field lines when placed in a magnetic field.
4. Write two characteristics of a material used for making permanent magnets.
(ii) Why is the core of an electromagnet made of ferromagnetic materials?
Ans: (i) The material used for making permanent magnets should have the following characteristics:
(a) High retentivity: It ensures that the magnet remains strong even after removal of the magnetising field.
(b) High coercivity: It ensures that the magnetism of the material does not get easily lost. 
Apart from these two criteria, the material should have high permeability.
(ii) The core of an electromagnet should have high permeability and low retentivity. The high permeability of the core of an electromagnet ensures that the electromagnet is strong. On the other hand, low retentivity of the core ensures that the magnetism of the core material gets lost as soon as the current is switched off. Ferromagnetic materials have both high permeability and low retentivity. Hence, ferromagnetic materials are the most suitable for making the core of an electromagnet.
5. Answer the following questions regarding earth’s magnetism:
(a) A vector needs three quantities for its specification. Name the three independent quantities conventionally used to specify the earth’s magnetic field.
(b) The angle of dip at a location in southern India is about 18º.
Would you expect a greater or smaller dip angle in Britain?
(c) If you made a map of magnetic field lines at Melbourne in Australia, would the lines seem to go into the ground or come out of the ground?
(d) In which direction would a compass free to move in the vertical plane point to, if located right on the geomagnetic north or south pole?
(e) The earth’s field, it is claimed, roughly approximates the field due to a dipole of magnetic moment 8 × 1022 J T−1 located at its centre. Check the order of magnitude of this number in some way.
(f ) Geologists claim that besides the main magnetic N-S poles, there are several local poles on the earth’s surface oriented in different directions. How is such a thing possible at all? 
Ans: (a) The three independent quantities conventionally used for specifying earth’s magnetic field are:
(i) Magnetic declination,
(ii) Angle of dip, and
(iii) Horizontal component of earth’s magnetic field
(b)The angle of dip at a point depends on how far the point is located with respect to the North Pole or the South Pole. The angle of dip would be greater in Britain (it is about 70°) than in southern India because the location of Britain on the globe is closer to the magnetic North Pole.
(c)It is hypothetically considered that a huge bar magnet is dipped inside earth with its north pole near the geographic South Pole and its south pole near the geographic North Pole.
Magnetic field lines emanate from a magnetic north pole and terminate at a magnetic south pole. Hence, in a map depicting earth’s magnetic field lines, the field lines at Melbourne, Australia would seem to come out of the ground.
(d)If a compass is located on the geomagnetic North Pole or South Pole, then the compass will be free to move in the horizontal plane while earth’s field is exactly vertical to the magnetic poles. In such a case, the compass can point in any direction.
(e)Magnetic moment, M = 8 × 1022 J T−1
Radius of earth, r = 6.4 × 106 m
Magnetic field strength, [image: http://cbse.meritnation.com/img/curr/1/12/16/249/6978/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m1c6b9eb2.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/6978/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m144f80ba.gif] = Permeability of free space = [image: http://cbse.meritnation.com/img/curr/1/12/16/249/6978/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m5782295d.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/6978/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m4d237a5b.gif]
This quantity is of the order of magnitude of the observed field on earth.
(f)Yes, there are several local poles on earth’s surface oriented in different directions. A magnetised mineral deposit is an example of a local N-S pole.
6.A short bar magnet placed with its axis at 30º with a uniform external magnetic field of 0.25 T experiences a torque of magnitude equal to 4.5 × 10−2 J. What is the magnitude of magnetic moment of the magnet? 
Ans: Magnetic field strength, B = 0.25 T
Torque on the bar magnet, T = 4.5 × 10−2 J
Angle between the bar magnet and the external magnetic field,θ = 30°
Torque is related to magnetic moment (M) as:
T = MB sin θ
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7023/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m654b132c.gif]
Hence, the magnetic moment of the magnet is 0.36 J T−1.
7. A short bar magnet of magnetic moment m = 0.32 J T−1 is placed in a uniform magnetic field of 0.15 T. If the bar is free to rotate in the plane of the field, which orientation would correspond to its (a) stable,  and (b) unstable equilibrium? What is the potential energy of the magnet in each case? 
Ans: Moment of the bar magnet, M = 0.32 J T−1
External magnetic field, B = 0.15 T
(a)The bar magnet is aligned along the magnetic field. This system is considered as being in stable equilibrium. Hence, the angle θ, between the bar magnet and the magnetic field is 0°.
Potential energy of the system[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7024/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_7f2a78cc.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7024/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m1973bce2.gif]
(b)The bar magnet is oriented 180° to the magnetic field. Hence, it is in unstable equilibrium.
θ = 180°
Potential energy = − MB cos θ
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7024/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m5a54df5c.gif]
8. A closely wound solenoid of 800 turns and area of cross section 2.5 × 10−4 m2 carries a current of 3.0 A. Explain the sense in which the solenoid acts like a bar magnet. What is its associated magnetic moment?
Ans: Number of turns in the solenoid, n = 800
Area of cross-section, A = 2.5 × 10−4 m2
Current in the solenoid, I = 3.0 A
A current-carrying solenoid behaves as a bar magnet because a magnetic field develops along its axis, i.e., along its length.
The magnetic moment associated with the given current-carrying solenoid is calculated as:
M = n I A
= 800 × 3 × 2.5 × 10−4
= 0.6 J T−1
9. If the solenoid in Exercise 5.5 is free to turn about the vertical direction and a uniform horizontal magnetic field of 0.25 T is applied, what is the magnitude of torque on the solenoid when its axis makes an angle of 30° with the direction of applied field?
Ans: Magnetic field strength, B = 0.25 T
Magnetic moment, M = 0.6 T−1
The angle θ, between the axis of the solenoid and the direction of the applied field is 30°.
Therefore, the torque acting on the solenoid is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7027/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m3a2a5239.gif]
10. A bar magnet of magnetic moment 1.5 J T−1 lies aligned with the direction of a uniform magnetic field of 0.22 T.
(a) What is the amount of work required by an external torque to turn the magnet so as to align its magnetic moment: (i) normal to the field direction, (ii) opposite to the field direction?
(b) What is the torque on the magnet in cases (i) and (ii)? 
Ans: (a)Magnetic moment, M = 1.5 J T−1
Magnetic field strength, B = 0.22 T
(i)Initial angle between the axis and the magnetic field, θ1 = 0°
Final angle between the axis and the magnetic field, θ2 = 90°
The work required to make the magnetic moment normal to the direction of magnetic field is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m4098b48d.gif]
(ii) Initial angle between the axis and the magnetic field, θ1 = 0°
Final angle between the axis and the magnetic field, θ2 = 180°
The work required to make the magnetic moment opposite to the direction of magnetic field is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m2f338421.gif]
(b)For case (i): [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_f084871.gif]
∴Torque, [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m377176a4.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m3dc72375.gif]
For case (ii): [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_mc976a24.gif]
∴Torque, [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m377176a4.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7028/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_34cfef39.gif]
11. A closely wound solenoid of 2000 turns and area of cross-section 1.6 × 10−4 m2, carrying a current of 4.0 A, is suspended through its centre allowing it to turn in a horizontal plane.
(a) What is the magnetic moment associated with the solenoid?
(b) What is the force and torque on the solenoid if a uniform horizontal magnetic field of 7.5 × 10−2 T is set up at an angle of 30º with the axis of the solenoid? 
Ans: Number of turns on the solenoid, n = 2000
Area of cross-section of the solenoid, A = 1.6 × 10−4 m2
Current in the solenoid, I = 4 A
(a)The magnetic moment along the axis of the solenoid is calculated as:
M = nAI
= 2000 × 1.6 × 10−4 × 4
= 1.28 Am2
(b)Magnetic field, B = 7.5 × 10−2 T
Angle between the magnetic field and the axis of the solenoid, θ = 30°
Torque, [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7030/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m377176a4.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7030/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_65140acf.gif]
Since the magnetic field is uniform, the force on the solenoid is zero. The torque on the solenoid is [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7030/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m1871c0b7.gif]
12. A short bar magnet has a magnetic moment of 0.48 J T−1. Give the direction and magnitude of the magnetic field produced by the magnet at a distance of 10 cm from the centre of the magnet on (a) the axis, (b) the equatorial lines (normal bisector) of the magnet. 
Ans: Magnetic moment of the bar magnet, M = 0.48 J T−1
(a) Distance, d = 10 cm = 0.1 m
The magnetic field at distance d, from the centre of the magnet on the axis is given by the relation:
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7035/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_3ac2a291.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7035/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m144f80ba.gif] = Permeability of free space = [image: http://cbse.meritnation.com/img/curr/1/12/16/249/7035/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_47508db6.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7035/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m3d7de6e9.gif]
The magnetic field is along the S − N direction.
(b) The magnetic field at a distance of 10 cm (i.e., d = 0.1 m) on the equatorial line of the magnet is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/249/7035/NS_17-11-08_Sravana_12_Physics_5_25_NRJ_LVN_html_m553fc298.gif]
The magnetic field is along the N − S direction.
13.a) What happens if a bar magnet is cut into two pieces: (i) transverse to its length, (ii) along its length?
 (b) A magnetised needle in a uniform magnetic field experiences a torque but no net force. An iron nail near a bar magnet, however, experiences a force of attraction in addition to a torque. Why?
(c) Must every magnetic configuration have a north pole and a south pole? What about the field due to a toroid?
(d) Two identical looking iron bars A and B are given, one of which is definitely known to be magnetised. (We do not know which one.) How would one ascertain whether or not both are magnetised? If only one is magnetised, how does one ascertain which one? [Use
nothing else but the bars A and B.]
Solution
(a) In either case, one gets two magnets, each with a north and south pole.
(b) No force if the field is uniform. The iron nail experiences a non uniform field due to the bar magnet. There is induced magnetic moment in the nail, therefore, it experiences both force and torque. The net force is attractive because the induced south pole (say) in the nail is closer to the north pole of magnet than induced north pole.
(c) Not necessarily. True only if the source of the field has a net nonzero magnetic moment. This is not so for a toroid or even for a straight infinite conductor.
(d) Try to bring different ends of the bars closer. A repulsive force in some situation establishes that both are magnetised. If it is always attractive, then one of them is not magnetised. In a bar magnet the intensity of the magnetic field is the strongest at the two ends (poles) and weakest at the central region. This fact may be used to determine whether A or B is the magnet. In this case, to see which one of the two bars is a magnet, pick up one, (say, A) and lower one of its ends; first on one of the ends of the other (say, B), and then on the middle of B. If you notice that in the middle of B, A experiences no force, then B is magnetised. If you do not notice any change from the end to the middle of B, then A is magnetised.
14. Figure shows a small magnetised needle P placed at a point O. The arrow shows the direction of its magnetic moment. The other arrows show different positions (and orientations of the magnetic moment) of another identical magnetised needle Q.
(a) In which configuration the system is not in equilibrium?
(b) In which configuration is the system in (i) stable, and (ii) unstable equilibrium?
(c) Which configuration corresponds to the lowest potential energy among all the configurations shown?
[image: ]
Solution
Potential energy of the configuration arises due to the potential energy of one dipole (say, Q) in the magnetic field due to other (P). Use the result that the field due to P is given by
Magnetic field at a point on the axis of a bar magnet
      B = 
Magnetic field at a point on the equatorial line of a bar magnet
      B = 
where M is the magnetic moment of the dipole P. Equilibrium is stable when MQ is parallel to BP, and unstable when it is anti-parallel to BP.
For instance for the configuration Q3 for which Q is along the perpendicular bisector of the dipole P, the magnetic moment of Q is parallel to the magnetic field at the position 3. Hence Q3 is stable.
Thus,
(a) PQ1 and PQ2
(b) (i) PQ3, PQ6 (stable); (ii) PQ5, PQ4 (unstable)
(c) PQ6

15. Many of the diagrams given in Fig. show magnetic field lines (thick lines in the figure) wrongly. Point out what is wrong with them. Some of them may describe electrostatic field lines correctly. Point out which ones.
[image: ]
Solution
(a) Wrong. Magnetic field lines can never emanate from a point, as shown in figure. Over any closed surface, the net flux of B must always be zero, i.e., pictorially as many field lines should seem to enter the surface as the number of lines leaving it. The field lines shown, in fact, represent electric field of a long positively charged wire. The correct magnetic field lines are circling the straight conductor
(b) Wrong. Magnetic field lines (like electric field lines) can never cross each other, because otherwise the direction of field at the point of intersection is ambiguous. There is further error in the figure. Magnetostatic field lines can never form closed loops around empty space. A closed loop of static magnetic field line must enclose a region across which a current is passing. By contrast, electrostatic field lines can never form closed loops, neither in empty space, nor when the loop encloses charges.
(c) Right. Magnetic lines are completely confined within a toroid. Nothing wrong here in field lines forming closed loops, since each loop encloses a region across which a current passes. Note, for clarity of figure, only a few field lines within the toroid have been shown. Actually, the entire region enclosed by the windings contains magnetic field.
(d) Wrong. Field lines due to a solenoid at its ends and outside cannot be so completely straight and confined; such a thing violates Ampere’s law. The lines should curve out at both ends, and meet eventually to form closed loops.
(e) Right. These are field lines outside and inside a bar magnet. Note carefully the direction of field lines inside. Not all field lines emanate out of a north pole (or converge into a south pole). Around both the N-pole, and the S-pole, the net flux of the field is zero.
(f ) Wrong. These field lines cannot possibly represent a magnetic field. Look at the upper region. All the field lines seem to emanate out of the shaded plate. The net flux through a surface surrounding the shaded plate is not zero. This is impossible for a magnetic field. The given field lines, in fact, show the electrostatic field lines around a positively charged upper plate and a negatively charged lower plate. The difference between Fig (e) and (f)] should be carefully grasped.
(g) Wrong. Magnetic field lines between two pole pieces cannot be precisely straight at the ends. Some fringing of lines is inevitable. Otherwise, Ampere’s law is violated. This is also true for electric field lines.

1.A short bar magnet has magnetic moment of 50Am2. Calculate the magnetic field  Intensity at a distance of 0.2 m from its centre on (1)its axial line(2)its equitorial line.
Ans: B1=1.25 x10-3T  ,B2=0.625 x10 -3T.
2. How the value of angle of dip varies on moving from equator to Poles?                          
          3. A compass needle in a horizontal plane is taken to geographic north / south poles. In what direction does the needle align?                                                                                         
4. The horizontal component of earth’s magnetic field is0.2 G and total magnetic field is
0.4 G. Find the angle of Dip.                                                                                             
   Ans: 60. 250
5.The vertical component of earth’s magnetic field at a place is √3 times the horizontal
component. What is the value of angle of dip at this place?                                             
Ans: 600
6.  An iron bar magnet is heated to 10000C and then cooled in a magnetic field free space.
Will it retain its magnetism?                                                                                        
7. What is the net magnetic moment of an atom of a diamagnetic material?                  
Ans :Zero
8. Which materials have negative value of magnetic susceptibility?                              
Ans : Diamagnetic materials.
9.State two methods to destroy the magnetism of a magnet.                                         
   Ans: (i )By heating the magnet (ii )By applying magnetic field in the reverse direction.
10. Permanent magnets are made of steel while the core of the transformer is made of soft iron. Why?                                                                                                                  
11.Two similar bars, made from two different materials P and Q are placed one by one in a non uniform magnetic field. It is observed that (1)Bar P tends to move from the weak to the strong field region. (2) The bar Q tends to move from the strong to the weak field region. What is the nature of the magnetic materials used for making these two bars?   
12.Distinguish between dia and ferro magnetic substance in respect of (i)Intensity of magnetisation. (ii) Behaviour in a non uniform magnetic field. (iii) Susceptibility.         
13. What is the value of magnetic moment of an electron revolving in the nthorbitof the H
atom. Also give the value of the Bohr magneton
14. Explain with the help of diagram the terms: (i) Magnetic declination and  (ii) Angle of dip at a given place
15. A short bar magnet of magnetic moment 0.9 J/T is placed with its axis at 60o to a uniform magnetic field. It experience a torque of 0.063 Nm. (i) calculate the strength of the magnetic field and (ii) what orientation of the bar magnet corresponds to the equilibrium position in the magnetic field?
16. In the magnetic meridian of a certain place, the horizontal component of the earth’s    magnetic field is 0.26G and the dip angle is 60º. What is the magnetic field of the earth at this location?
17. What type of magnetic material is used in making permanent magnets?
























Home work
1. Explain with the help of diagram the terms: (i) Magnetic declination and  (ii) Angle of dip at a given place
2. Define magnetic susceptibility of a material. Name two elements, one having positive susceptibility and the other having negative susceptibility. What does negative susceptibility signify?
3. Draw magnetic field line when a (i) diamagnetic, (ii) paramagnetic substance is placed in an external magnetic field. Which magnetic property distinguishes this behaviour of the field line due to the substances?
4. Give five differences each between diamagnetic, paramagnetic and ferromagnetic substances. Give one example of each?
5. How does the intensity of magnetization of a paramagnetic material vary with increasing applied magnetic field?
6. An iron bar magnet is heated to 10000C and then cooled in a magnetic field free space. Will it retain magnetism?
7. A short bar magnet of magnetic moment 0.9 J/T is placed with its axis at 60o to a uniform magnetic field. It experience a torque of 0.063 Nm. (i) calculate the strength of the magnetic field and (ii) what orientation of the bar magnet corresponds to the equilibrium position in the magnetic field?
8. What type of magnetic material is used in making permanent magnets?
9. In the magnetic meridian of a certain place, the horizontal component of the earth’s    magnetic field is 0.26G and the dip angle is 60º. What is the magnetic field of the earth at this location?











































                                         MODEL TEST PAPER
   SUB: PHYSICS                                                                                             MARKS: 25
  TOPIC:   Electromagnetic Induction                                                           TIME: 60 MIN                                                                           
GENRAL INSTRUCTIOS:
i. Q No 1 to 5 carries one marks 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 type of magnetic material is used in making permanent magnets?
2. An iron bar magnet is heated to 10000C and then cooled in a magnetic field free space. Will it retain magnetism?
3. Why is the core of an electromagnet made of ferromagnetic materials?
4. The following figure shows the variation of intensity of magnetisation versus the applied magnetic field intensity, H for two magnetic materials A and B:
                                [image: Phy_2008_Set1_Outside%20Delhi_SS_html_m34b18e9a]
 Identify the materials A and B.
5. What is the value of dip at earth’s magnetic poles?
6. A short bar magnet placed with its axis at 30º with a uniform external magnetic field of 0.25 T experiences a torque of magnitude equal to 4.5 × 10−2 J. What is the magnitude of magnetic moment of the magnet?
7. . A uniform magnetic field gets modified as shown below, when two specimens X and Y are placed in it.
                             [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m586d0b81]
(i) Identify the two specimens X and Y. 
(ii) State the reason for the behaviour of the field lines in X and Y.
8. Define magnetic susceptibility of a material. Name two elements, one having positive susceptibility and the other having negative susceptibility.
9. Give five differences each between diamagnetic, paramagnetic and ferromagnetic substances. Give one example of each?
10. Explain with the help of diagram the terms: (i) Magnetic declination and  (ii) Angle of dip at a given place
11. . A closely wound solenoid of 2000 turns and area of cross-section 1.6 × 10−4 m2, carrying a current of 4.0 A, is suspended through its centre allowing it to turn in a horizontal plane.
      (a) What is the magnetic moment associated with the solenoid?
      (b) What is the force and torque on the solenoid if a uniform horizontal magnetic field of 7.5 × 10−2 T is set up at an angle of 30º with the axis of the solenoid? 
12. Give five differences each between diamagnetic, paramagnetic and ferromagnetic substances. Give one example of each?
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