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INTRODUCTION 

In 1820 Hans Christian Oersted during his experiment found that 

when an electric current flows in a wire it moves a compass needle 

and this effect lasts as long as the current flows through the wire. 

This experiment established the relation between electricity and 

magnetism.   

If we place a compass near to a electric current carrying wire we can observe a deflection in 

compass needle. The needle of compass gets deflected by a magnetic field produced by current 

carrying wire. This effect which is produced by the flow of electric current is called “Magnetic Effect” 

of electric current.  

MAGNET:  

Any substance which possesses the following two properties is called a magnet. 
(i) It attracts small pieces of iron towards itself. 
(ii) It always comes to rest aligning itself in the North-South direction when suspended freely on 

Earth. 
Lodestone and magnetite’s are natural magnets because they are found in nature. 
Artificial magnets are prepared by man to be used at any time and at any place. These magnets are 
much stronger than natural magnets.  
PROPERTIES OF MAGNET: 

1. Attractive: A magnet attracts small pieces of iron, nickel, cobalt, etc. The magnetic force of 
attraction is maximum is small regions near the ends of the magnet. These are called the Poles 
of the magnet.  

2. Directive: A freely suspended magnet always points in North-South direction. The end pointing 
towards North is called North seeking pole or North Pole. The other end which points towards 
South is called South seeking pole or South Pole. 

3. Law of Magnetic Pole: There are two poles in a magnet North and South pole. Like poles 
repel i.e. South repels South and North repels North. Unlike poles attract that i.e. North and 
South attracts. 

4. Magnetic poles always exist in pair: It means that even the smallest possible magnet will 
have both North and South Pole. 

 Let us take on arbitrary magnet and break into plates.  

 
 

Magnetism 

 

11  
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Therefore, even after breaking the magnetic into multiple pieces the North and South pair of poles 
are not lost until it is a magnet. 
SOME COMMONLY USED ARTIFICIAL MAGNETS: 

1. Bar Magnet: It is a magnet in the form of rectangular bar, and has two magnetic poles North 
(N) and South(S) of equal strength. 

 
2. Magnetic Needle: It is a magnet tapered towards both ends and pivoted at the centre. It is 

used to check the direction of a magnetic field and to map the lines of force of other magnets.  

 
3. Horse Shoe Magnet: 

It resembles a horse shoe, hence the name.  

 
 

4. Magnetic Compass: 
It consists of a magnetic needle pivoted at its centre and encased in a brass box with a glass 
top. It is used to find direction. 

 
ARTIFICIAL MAGNET VERSUS NATURAL MAGNET 

Artificial magnets are preferred to natural magnets. The strength of an artificial magnet is much 
more than a natural magnet and it can be increased to desired level. Natural magnets come in 
irregular shapes whereas artificial magnets can be casted into any desired shape or size. 
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Ex. 1: Why does a compass needle get deflected when brought near a bar magnet? 

Solution : A compass needle gets deflected due to forces acting on its poles due to the magnetic  

 field of the bar magnet.    

MAGNETIC AND NON – MAGNETIC SUBSTANCES: 

Magnetic Substance: Substance which is influence by a magnet is called as magnetic substance. 
Ex: Nickel, Iron, Cobalt, etc. 

Non-Magnetic Substance: Substance which is not influenced by a magnet is called a Non-
magnetic substance.  Ex. Plastic, Aluminum, Wood, Copper etc. 

DIFFERENCES BETWEEN MAGNET AND MAGNETIC SUBSTANCE 

Magnet Magnetic Substance 

1. A substance which attracts metals like iron or steel 
and which always points in a particular direction 
when suspended freely is called magnet.  

2. A magnet has two poles, one of which is always 
directed towards the Geographic North and the 
other towards the Geographic South when 
suspended freely.  

3. A pole of a magnet attracts the opposite pole and 
repels the similar pole of another magnet.   

1. Substance which is influenced by a 
magnet is called a Magnetic substance.  

 Iron, Steel, Nickel and Cobalt are a few 
examples of magnetic substances.  

2. A magnetic substance has no poles 
and does not point to any particular 
direction when suspended freely.  

3. A magnetic substance is attracted by 
both poles of a magnet.  

INDUCED MAGNETISM OR MAGNETIC INDUCTION: 

As we have seen in electrostatics that when a 
charged body is brought near an uncharged body, the 
uncharged body gets attract due to induction of 
charge, as shown:  

In the similar fashion, when a magnet is brought near a magnetic material, the magnetic pole of the 
magnet induces an opposite polarity on the near end and similar polarity on the farther end of the 
magnetic as shown: 

  
Magnetic substance

 
The South pole of the bar magnet has induce N’(North Pole) on nearby end and S’(South Pole) on 
the farther end. Now, as we know that unlike poles attract. Therefore the magnetic material ‘x’ is 
attracted towards the magnet. Here the magnetic material will behave as a temporary magnet due 
them to induction of poles in it  1 1N & S  but this magnetic property is lost once the magnet is 

moved far away. Thus the acquired magnetism (induced magnetism) is temporary. 
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The following figure shows temporary magnetism induced 
in a magnetic material using bar magnet due to which the 
magnetic material attracts other magnetic material.  
 

 
LAWS OF INDUCTION: 

Induction of Poles at Ends: During magnetic induction, the opposite pole is induced at the near 
end and the like pole is induced at the other end of the bar.  
Induction precedes Attraction:   Iron bar gets attracted to the bar magnet because of the 
attraction between the North pole of the bar magnet and the induced South pole in the iron bar at B.  
Therefore, attraction results only after the induction of opposite poles at the near end. It is then clear 
that, unless induction of the opposite poles takes place, attraction cannot occur. That is why 
induction precedes attraction.  

Sure test for the presence of magnetism:  
An iron bar AB is brought near the North pole 
of a magnet and it is observed that AB is 
getting attracted to it.  

 

N' S'
 

Can it be concluded that AB is also magnet with its South pole at A? 
AB need not be a magnet because the attraction in AB may also be possible if it is an iron bar. So 
attraction is not a sure sign of the presence of magnetism. Repulsion is a sure test for 
magnetism because only two magnets repel each other. 

MAGNETIC FIELD: 

It is the region around a magnet in which other magnets or magnetic materials experience a force. 

Magnetic Field Lines: Now, if your place a North pole nears the North pole of magnet it is repelled 
whereas if you place the North Pole near the South pole of magnet it is attracted. Magnetic force 
seems to be directed from North pole to South pole of the magnet along a particular path. This path 
is represented by  imaginary lines which are called as the Magnetic Field lines or the line of force.  

Magnetic Field Lines of a Bar Magnet: Let us take a plain white paper and spread some amount 
of iron filling over it randomly. 

 
Now, let us place a bar magnet over the plain white paper. As we place the bar magnet we observe 
that the randomly spread iron filling gets oriented in a proper pattern around the bar magnet as 
shown. 
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It you carefully observe the orientation of iron filling then it can be noticed that they have aligned 
themselves along a curve line joining the North pole and South pole. These lines are nothing but the 
magnetic field lines.  

PROPERTIES OF MAGNETIC FIELD LINES: 

1. Magnetic field lines are directed from North Pole to South Pole outside the magnet (as seen 
from previous demonstration).  

 
2. Magnetic field lines are continuous and always form closed loop. Magnetic field lines are 

directed from South Pole to North Pole inside the magnet. (By combining the above two 
properties). 

3. The tangent at any point on field line given the direct of magnetic field at that point. 

    
4. Magnetic field lines never intersect each other.  

 
C & D all magnetic field lines 

The situation shown in figure is not possible because at point P two tangents drawn one to 
curve C and curve D which gives two direction of magnetic field at a point which is absurd. 

 
5. The closeness among the magnetic field lines means high intensity of magnetic field and the 

tarness represents low intensity of magnetic field. 
Hence, for a bar magnet in previous analysis we can say that intensity of magnetic field is high 
at poles and less in the middle region. 

REPRESENTATION OF MAGNETIC FIELD LINES: 

For a single Bar magnet 

 

 

 

Can magnetic field lines touch each other? 
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For two magnets with dissimilar poles facing each other & similar poles facing each other 

      
 

 
For a Horse Shoe magnet 

 
Magnetic field lines for an isolated pole 

 
When we say isolated North Pole it simply mean its equivalent pair South Pole is situated at infinity. 
Uniform magnetic field  

 
Equally spaced parallel magnetic lines in the same direction represents uniform magnetic field i.e. 
direction as well as magnitude of the field is constant. 
Ex. 2:  Comment about the magnitude and direction in the following cases of magnetic field 

lines. 

(a)  (b)

 

 (c) 

 

(d) 

 

 

Solution : 

Sr. No Case Magnitude Direction 

1 A Constant Constant 
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2 B Varies Constant 

3 C Constant Varies 

4 D Varies Varies 

Ex. 3:  Why don’t two magnetic field lines intersect each other? 
Solution :  The direction of magnetic field (B) at any point is obtained by drawing a tangent to the 

magnetic field line at the point. In case, two magnetic field line intersect each other at the 
point P as shown in figure, magnetic field at P will have two direction, shown by  two arrows, 
one drawn to each magnetic field line at P, which is not possible. 

P
B

B

Magnetic 
field lines

 
OERSTED’S EXPERIMENT: 

Oersted was the first to put forth the direct relation between electricity and magnetism. He 
conducted several experiments to determine the magnetic effect of a current carrying wire. The 
following describes the Oersted experiment conducted to establish that a current carrying wire acts 
as a magnet. 

A long straight wire is connected to an external battery and an electric current is passed through it. 
When a magnetic needle is placed below the wire such that the wire is parallel to the axis of the 
magnetic needle and the current flows in the South to North direction, a deflection in the needle is 
observed. It is observed that the North pole of the needle is deflected westwards and as the 
magnitude of current is increased, the deflection increases till the North pole the needle turns 
towards exact west. It is also observed that instead of placing the magnetic needle below the wire, if 
was placed above the wire, the North pole of the magnetic needle deflects Eastwards. From this 
experiment Oersted concluded the following facts. 

1. Any current carrying wire produces a magnetic field around it, as it can deflect a magnetic 
needle placed near it. 

2. The intensity of the magnetic field is proportional to the magnitude of the current passing 
through the wire. 

3. The magnetic field setup acts at right angles to the direction of the flow of current. 

4. The direction of the magnetic field depends upon the direction of the flow of current. 

The direction of the magnetic field produced due to a current carrying wire may be determined using 
any one of the following rules. 

MAGNETIC FIELD DUE TO A CURRENT CARRYING STRAIGHT CONDUCTOR: 

The   following   experiment   demonstrates   the   nature of magnetic field around a straight current 
carrying conductor.  

Take a plane cardboard 'ABCD' of square shape. Make a small hole at its centre so as to allow an 
insulated wire 'PQ' to pass through the hole; such that the length of the wire is perpendicular to the 
plane of the cardboard figure. Connect the wire to a plug key and a cell as shown in figure. 
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Q

P
 

Sprinkle some iron filings on the cardboard, and insert the plug in the key to give electric connection to 
the conductor PQ. We observe that the iron filings are arranged in concentric circles with the centre at 
the hole on the cardboard as shown in figure. The concentric circles indicate the direction of magnetic 
field around the current carrying conductor. 

A B

CD
 

 
 
 
 
 
MAGNITUDE OF MAGNETIC FIELD DUE TO A STRAIGHT CURRENT CARRYING WIRE:  

 2 1
μIB = sinθ - sinθ

4πd
 

Where  is the magnetic permeability of the medium, 

0 r 0

r
7 1

0

; permeabilityof vacuum
relativepermeabilityof medium

4 10 Tm A 

     

 

    
For an infinite wire: 

IB
2 d



  

 

1  

2 

d

P 

 
Magnetic permeability    of a medium is defined as its ability to allow the magnetic lines of force to 

pass through it or to allow itself to be influenced by a magnetic field.  
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RULE FOR DETERMINING THE DIRECTION OF MAGNETIC FIELD: 

RIGHT HAND THUMB (OR GRIP) RULE: 

If the conductor is held in the right hand with the fingers 
curled around it, and the thumb points in the direction of 
the current, then the curled fingers show the direction  of 
the magnetic field. Therefore, in the above case the 
magnetic field at ‘P’ is inside  the plane. 

 
Ex. 4: Find the magnetic induction field B at a distance of 10 cm from a long straight 

conductor carrying a current of 10 A. 

Solution : The magnetic induction field near a straight conductor is given by  

    B = 0i
2 r



 - - - - - - - (1) 

In the given problem, R = 10 cm = 0.1m, i = 10 A, 0  = 4 710  H m 1  

Substituting above values in equation (1), 

    B = 
74 10 10

2 0.1

 


= 2 10 7  10 10=20 10 6 =20  T. 

Ex. 5: Find the ratio of the magnetic fields, at distances 5 cm and 50 cm from a long straight 
current carrying conductor. 

Solution : Let the fields be B 1  and B 2  at distances 5 cm and 50 cm, respectively. As current remains 
same,   we can write 

  B   
1
r  

1 2

2 1

B r
B r

   - - - - - - - - (1) 

Substituting the value of r1  and r 2  in equations (1), we get 

    

1

2

B 50 10
B 5

 
  

The ratio of fields is 10 : 1 

Ex. 6:  A cell is connected across AD of a square loop ABCD, made of a 
conductor of uniform area of cross section, as shown in the figure. 
Find the ratio of magnetic-fields at the centre produced by: 

   (a) Side AB to that of side CD and (b) side AD to that of side BC. 
 

 

Solution : (i) Side AB and side CD carry equal currents. The distance of the centre from both the sides  

  is equal. Therefore, fields produced by both sides are equal at the centre. Side AD and 
BC carry different currents. If R is the resistance of each side, then current through AD 
(I D ) is 

   I D
3R
4R

 V - - - - - - - - - (1) 

   Where, V is the terminal Potential difference of the cell. 

The current through BC is   I BC
R
4R

  V - - - - - - - - -(2) 

 (ii) The ratio of currents gives the ratio of fields, 1:1 &  3:1. 
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MAGNETIC FIELD DUE TO A CURRENT CARRYING CIRCULAR LOOP 

Consider a circular loop passing through two holes 1 & 2 on a rectangular cardboard ABCD. Some 
iron fillings are sprinkled on the cardboard. When current is passed through the circular loop, we 
observe the iron fillings are arranged like concentric circles around the two holes as shown in the 
figure. The concentric circle formed by the iron fillings represent the direction of the magnetic field 
(magnetic field lines) surrounding the circular loop. The lines are straight at the centre of the loop. A 
small magnetic needle which is used to locate the direction of magnetic field points North towards 
edge AD of the cardboard. This implies that circular loop acts as a magnet with its South Pole 
towards edge BC and North Pole towards edge AD. 

A

B C

D

 
Magnetic Field due to a Current carrying Single loop at the centre of loop:  

    
NμIB =
2R  

I

I

CX

 
Where ‘N’ is the number of turns in the continuous loop or coil. 
“The Clock Rule” 
“When an observer, looking at the face of the coil, finds the current to be flowing in the anti-
clockwise direction, the face of the coil behaves like the North Pole.”  
 Therefore the magnetic field at the centre is directed outside the coil. Magnetic Field outside the 

plane is represented by 
 
 .  

 If the current is in the Clockwise direction, the face of the coil behaves like South Pole. 
Therefore the magnetic field at the centre is directed inside the coil. Magnetic field inside the 
plane is represented by 

 
X .      

 X

 
 



4th Ghaziabad Super – 50                                                                                                        Magnetism 

11 | Physics                                                                                                                                             Class X |          

MAGNETIC FIELD DUE TO A CURRENT CARRYING SOLENOID 

Solenoid/Helix is an insulated copper coil wound around some cylindrical cardboard or some other 
core such that its length is greater than its diameter. It behaves like a magnet when electricity flows 
through it. 

      
When an electric current flows in the solenoid then each turn of the coil behaves like an 
independent magnet. All these magnets are arranged in order and therefore the total magnetic 
strength of the solenoid depends upon the number of turns. Thus the solenoid acts like a Bar 
magnet. 
The end in which current flows in an anticlockwise direction becomes North Pole and the other end 
where the current flows in clockwise direction, becomes South pole. 

 
 

PROPERTIES OF A SOLENOID: 

1. The magnetic field due to a Solenoid is directly proportional to the number of turns per unit 

length of the solenoid. 

2. The magnetic field due to the Solenoid is directly proportional to the Magnitude of current 

passing through the Solenoid. 

3. The Magnetic field depends upon the nature of material on which the coil is wound. It is 

called Core. 

4. If an Iron core is kept inside the Solenoid, the field increases. 

5. Laminated soft iron core increase the intensity of the magnetic field inside a Solenoid. 

The magnitude of magnetic field at the centre of Solenoid is given as nIB
2


   

Where ‘n’ is number of turns in the Solenoid per unit length. 
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SALIENT FEATURES OF THE MAGNETIC FIELD OF A SOLENOID: 

1. The North and South polarities of a current carrying solenoid is very similar to the North and 

South Pole of a bar magnet. In addition, the pattern of the lines of force is similar to that of a 

bar magnet, (i.e., it points along the North South direction). Therefore, a solenoid carrying 

current behaves like a bar magnet: 

 when it is suspended freely, it sets itself in the North South direction (Directive property). 

 it acquires the attractive property of a bar magnet. 

2. The magnetic lines of force inside the solenoid are nearly parallel to each other and parallel 

to the axis of solenoid, i.e., the magnetic field is uniform inside the solenoid. 

3. As one moves away from a solenoid, the magnetic field decreases, i.e., near the solenoid 

the magnetic field is more than that at a distance. 

4. The intensity of magnetic field of a current carrying solenoid can be increased. 

 
 

FORCE ON A CURRENT CARRYING CONDUCTOR IN MAGNETIC FIELD 

Lorentz found that a charge moving in a magnetic field, in a direction other than the direction of 
magnetic field, experiences a force which is called the Lorentz force. Since current is defined as the 
motion of charge, therefore a conductor carrying current placed in a magnetic field, in direction other 
than the direction of magnetic field, will also experience a force. This can be demonstrated by the 
following experiment. 

Magnetic field due to a circular arc is given as   

0

μI θB = × where 'θ'ismeasuredindegrees
2R 360

  

The direction of magnetic field due to an arc can be found by considering it as complete circle 
and using the clock rule. 

Magnetic field due a semicircle = μI
4R

, Magnetic field to a quarter circle= μI
8R

  

Magnetic field to a three quarter circle= 3μI
8R
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Experiment:  Fig. shows a conductor AC which is free to move. The conductor is placed in a 

magnetic field B between the poles N and S of a horse shoe magnet, with its length AC normal to the 

magnetic field lines. The ends A and C of the conductor are connected to a rheostat, key and battery. 

EXPERIMENTALLY, IT IS OBSERVED THAT 

1. When no current flows in the conductor, no force acts on the conductor and the conductor does not 

move. 

2. When current is passed in the conductor, a force F acts on the conductor in a direction 

perpendicular to both the ' direction of current and the direction of magnetic field as shown in Fig., 

Due to the force F, the conductor begins to move in a direction normal to both the direction of 

current and the direction of magnetic field. 

3. When the direction of current through the conductor is reversed, the direction of force (i.e., the 

direction of movement of conductor) is also reversed. 

4. On reversing the direction of magnetic field, the direction of force (i.e., the direction of movement of 

conductor) is reversed. 

5. When conductor is placed such that the current in it is in direction parallel to the direction of 

magnetic field, no force acts on the conductor and it does not move. 

MAGNITUDE OF MAGNETIC FORCE ON A CURRENT CARRYING CONDUCTOR 

Experimentally it is found that the magnitude of force acting on a current carrying conductor placed in 

a magnetic field in a direction perpendicular to it, depends on the following three factors : 

(a) The force F is directly proportional to the current flowing in the conductor i.e  F I  
(b) The force F is directly proportional to the magnetic field strength i.e F B  
(c) The force F is directly proportional to the length of the conductor (inside the magnetic field), i.e 

F l  
Combining these, 

    F IBl  or F KIBl  
Where K is a constant, whose value depends on the choice of units.  
In S.I units K = 1.  
Thus,      F IBl   



4th Ghaziabad Super – 50                                                                                                       Magnetism 

14 | Physics                                                                                                                                             Class X |          

UNITS OF MAGNETIC FIELD 

From the above equation we get FB
Il

  , so the S.I. unit of magnetic filed is  newton
ampere metre

 

or NA-1 m-1  . It is also named as Telsa (Symbol T) or Weber/metre2 (Symbol Wb m-2)  
DIRECTION OF MAGNETIC FORCE  

The direction of force on a current carrying conductor placed in a magnetic field is obtained 
by the Fleming’s Left Hand rule.  
Fleming’s Left Hand rule: Stretch the fore finger, middle finger and the 
thumb of your left hand multually perpendicular to each other as 
shown in the fig. If the forefinger indicates the direction  of magnetic 
field and the middle finger indicates the direction of  current, then the 
thumb will indicate the direction of motion (i.e force) on conductor.  

 
Ex. 7:  Calculate the magnetic force per unit length on a conductor carrying of 10 A and 

making an angle of 300 with the direction of a uniform magnetic field of 0.3 T. 
Solution  : (i) Use F = Bi Sin . 

  Get the values of B, i and   from the given data.  

Then find 
F
l

 

Hence answer would be 1.5 N m 1
 

FORCE ON A MOVING CHARGE IN A MAGNETIC FIELD: 

Lorentz found that a charge moving in a magnetic field, in 
a direction other than the direction of magnetic field, 
experiences a force perpendicular to the plane containing 
the field vector and the velocity vector, whose direction is 
given by the Right Hand Thumb rule.(as shown in the 
figure). 
As the force is always perpendicular to the plane 
containing the field vector and velocity vector. 
The path traced by the moving charge particle will be a 
circle (force being perpendicular to velocity). 
The magnitude of the force is given as; 

BF qvBsin ; where '  q' is charge takenwithsign,   

'
' ' is theanglebetween the directionof motionandmagnetic field.
B' is magnitude of magnetic field,

 

 

if q is + ve then direction will be as found by thumb rule but if q is –ve then direction will be just 

reverse of the previous found. As the force sinBF qvB   always acts perpendicularly to the 

direction of  motion and therefore responsible for circular motion, we can say that  


2

B
mvF = qvBsin = =necessarycentripetalforce
R
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Ex. 8:   An infinitely long straight conductor ‘XY’ is carrying a current of 
5A. An electron is moving with a speed of 10 5 m/s parallel to the 
conductor in air from point A to B, as shown in figure. The 
perpendicular distance between the electron and the conductor 
‘XY’ is 20 cm. Calculate the magnitude of the force experienced 
by the electron. Write the direction of the force. 

 
Solution :  Magnetic field at a distance of 20 cm from current carrying conductor XY is  

  B = 02 I;
4 r



 B = 
7

2

2 10 5
20 10





 


T 

  B = 5  10 6 T 
Force experienced by the electron is  

  F = evB  (   = 90º) 
  = 1.6   10–19   105   5   10–6 N = 8   10–20 N 

According to Fleming’s left hand rule direction of force will be upwards. 

Ex. 9:  A positively-charged particle (alpha-particle) projected towards West is deflected 
towards North by a magnetic field. The direction of magnetic field is  

 (a) towards South (b) towards east (c) downward (d) upward 

Solution : The correct answer is (d) 
 Apply Fleming’s left-hand rule, we can infer that the direction of magnetic field is upwards.   

ELECTROMAGNET 

An electromagnet is an artificial magnet made from a piece of soft iron by passing electric current in 
a coil would around it. Thus, an electromagnet is a temporary strong magnet. If a soft iron bar is 
placed inside a solenoid as core, the iron bar acquires the magnetic properties only when an electric 
current flows through the solenoid and loses the magnetic properties as the current is switched off 
(since soft iron has a low receptivity). 

An electromagnet can be made in any shape, but usually it is made in the following two shapes: 

(A) I–shape (Bar magnet) and (B) U-shaped (Horse-shoe magnet).  

CONSTRUCTION OF I-SHAPED ELECTROMAGNET (OR BAR MAGNET): 

An I-shaped electromagnet is constructed by winding a thin insulated copper wire in form of a 
solenoid around a soft iron bar PQ. The ends of the wire are connected to a battery B through an 
ammeter A, a rheostat Rh and a key K as shown in Fig. 

 
When current is passed through the winding of solenoid by closing the key K, the end P of the bar 
becomes the South pole (S) since current at this face is clockwise, while the end Q at which the 
current is anticlockwise becomes the North pole (N). Thus the bar becomes a magnet. Such 
magnets are commonly used in relay. 
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CONSTRUCTION OF U-SHAPED (OR HORSESHOE) ELECTROMAGNET 

To construct a horse-shoe electromagnet, a thin insulated copper wire is spirally wound on the arms 
of a U-shaped soft iron core, such that the winding in the two arms is in opposite sense. In Fig. 10.8, 
winding in the arm P starts from the front and it is in the clockwise direction (when viewed from the 
bottom). On reaching the upper end of the arm P, winding starts from the back at the top of the arm 
Q and it is in anti-clockwise direction. The ends of the wire are connected to a battery through an 
ammeter, rheostat and a key. 

 
When current is passed through the winding by closing the key, the end of the arm P becomes the 

South pole S (current at this face is clockwise) and the end of the arm Q becomes the North pole N 

(current at this face is anti-clockwise). Thus we get a very strong magnetic field in the gap between 

the two poles. The magnetic field in the gap vanishes as the current in the circuit is switched off. 

 

WAYS OF INCREASING THE MAGNETIC FIELD OF AN ELECTROMAGNET 

The magnetic field of an electromagnet (I or U-shaped) can be increased by the following two ways: 

(i) By increasing the number of turns of the winding. 

(ii) By increasing the current through the solenoid. 

USES OF ELECTROMAGNET: 

 For lifting and transporting large masses of iron scrap, girders, plates etc., especially to the 
places where it is not convenient to take the help of human labor. Electromagnets are used to lift 
as much as 20,000 kg of iron in a single lift. To unload the iron mass at the desired place, the 
current in the electromagnet is switched off so that the load drops. 

 For loading furnaces with iron. 

 For separating magnetic substances such as iron from other debris (e.g., for separating iron 
from the crushed copper ore in copper mines). 

 For removing pieces of iron from wounds. 

 In several electrical devices such as Electric Bell, Telegraph, Electric Tram, Electric motor, relay, 
microphone, Loud speaker, etc. 

 In scientific research, to study the magnetic properties of a substance in a magnetic field. 

The source of current for sending current in the coil must be the D.C.(Direct Current) source (i.e., 
battery). With an A.C.(Alternating Current) source of frequency 50 Hz, the soft iron core does not get 
magnetized due to change of its polarity 50 times in each second. 
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PERMANENT MAGNET:    

A permanent magnet is made from steel. Once magnetized, it does not lose its magnetism easily 

(since steel has more retentively than soft iron). These magnets are used in electric meters {e.g., 

galvanometer, ammeter, voltmeter) and magnetic compass etc 

COMPARATIVE STUDY OF ELECTROMAGNET AND PERMANENT MAGNET: 

Electromagnet Permanent Magnet 

1. It is made of soft iron  
2. It produces the magnetic field so long  as 

current flows in its coils i.e., the magnetic field 
is temporary 

3. The magnetic field strength     can     be 
changed. 

4. The electromagnets can be made as strong 
as needed. 

5. The polarity of an electromagnet can be 
reversed. 

1. It is made of steel. 

2. It produces a permanent 
magnetic. 

3. The magnetic f ield strength 
cannot be changed. 

4. The Permanent magnets are not 
so strong. 

5. The polarity of a permanent magnet 
can’t be reversed. 

ADVANTAGES OF AN ELECTROMAGNET OVER A PERMANENT MAGNET: 
 An electromagnet can produce a strong magnetic field,  

 The strength of the magnetic field of an electromagnet can easily be changed by changing 

the current or the number of turns in its solenoid,  

 The polarity of the electromagnet can be changed by reversing the direction of current in its 

solenoid. 

DC(DIRECT CURRENT) MOTOR: 
Motor is a device which converts electrical energy into mechanical energy. 
Principle:  It works on the principle that a current carrying coil experiences couple when placed in a 

magnetic field, which sets it into continuous rotations. 

The main parts of motor are, 

1. Permanent magnet N, S 2. Armature coil A, B, C, D 3. Commutator  C1, C2 

4. Brush B1, B2 5. Battery B 
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The permanent magnet is given the necessary magnetic field. This is made concave in shape so as 
to give radial field. In big motors, in order to have strong magnetic field electromagnets are used. 

Armature coil consists of a large number of insulated copper coils wound on a laminated soft iron 
core. The function of the coil to set up magnetic field when a current is passed through it. The core 
is laminated to avoid any eddy current loss, and to provide strong magnetic field when current flows 
through the coil. 

COMMUTATOR: 

The ends of the wire are connected to the two split rings C1 and C2 of the commutator. The function 
of the commutator is to change the direction of the current after half a rotation of the coil. 

Brushes:  

The function of the two brushes B1 and B2 is to give electrical connection from the battery wire to the 
rotating coil, i.e., between the stationary parts and the moving parts of the electric circuit. 

Battery: 

The function of the battery is to give the motor the necessary electrical energy. 

WORKING OF THE MOTOR: 

The current from the terminal of the battery passes through the brush B1, split ring C1, and the 
armature coil ABCD returns via split ring C2, brush B2, to the negative terminal of the battery. The 
coil is placed in such a way that the magnetic field created by it is perpendicular to field due to 
magnets. 

The current carrying coil is kept in the magnetic field of the permanent magnet. Therefore it will 
experience a force. 

As per Fleming’s left hand rule, the arm AB of the coil experiences a force perpendicular to the 
plane of the paper and into the paper. The arm CD experiences a force perpendicular to the plane 
of paper and outwards (opposite to that of end AB) as shown in (a). These two forces constitute a 
couple and the motor rotates in clockwise direction. 

When the coil turns through 900, the magnetic field due to the coil and the field due to the 
permanent magnet become parallel to each other. Therefore rotation should stop as there will not 
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be any couple when the two fields are parallel. But due to the inertia of a motion, it continues to 
rotate and it turns through 1800. 

Now the commutator reverses the direction of the current which flows along DCBA. (as shown in 
(b). The arm CD of the wire experiences a force perpendicular to the plane of the paper and into the 
paper, and the arm AB experiences a force perpendicular to the plane of the paper and outwards 
(Opposite to that of end AB). Thus the motor rotates continuously in one direction. 

The revolutions per minute of a motor coil depends on the following: 

1. The number of the turns of the coil 

2. The area of the coil 

3. The magnitude of the current 

4. The strength of the magnetic field. 

 
 RADICAL TEST – I 
  

1. What is the unit of magnetic field? 

2. Name a naturally occurring magnet. 

3. Which alloy is used for making permanent magnets? 

4. Why does a compass needle get deflected when brought near a bar magnet? 

5. List two sources of magnetic field. 

6. Define magnetic field. 

7. What is a solenoid? 

8. Differentiate between a permanent magnet and an electromagnet. 

9. What do you understand by the magnetic effect of electric current? 

10. What is a galvanometer? Can it show the direction of the current? 
 

FARADAYS LAW OF ELECTROMAGNETIC INDUCTION 

Before studying faradays law of electromagnetism let us understand the term ‘magnetic flux’. 
MAGNETIC FLUX AND MAGNETIC FLUX DENSITY ‘B’: 

The space around the magnet where the influence of the magnet can be felt is called magnetic field. 

Let us imagine this field as constituted by magnetic lines of force. The total number of lines passing 

through the given area is called Magnetic flux " " . The unit of magnetic flux is Weber (Wb). If a 

magnetic substance exits in this field then the lienes of force pass thorugh it. These lines of force 

are called magnetic induction lines as these lines induce magnetic field in the magnetic substance.  

Magnetic flux per unit area is called Magnetic Flux density or Magnetic Induction.  

     i.e B
A
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FARADAY’S LAWS OF ELECTROMAGNETIC INDUCTION:  

1. Whenever the magnetic flux linking a coil changes, then an emf is induced in the coil.  

2. The magnitude of the induced emf is directly proportinal to the rate of the change of flux.  

3. Furthermore, the induced emf depends upon the number of truns of the coil and its area.   

From the above observation, we can conclude that:  

 if there is a relative motin between the magnet and the coil and emf is induced in the coil.  

 The emf lasts so long as ther is a relative motin between the magnet and the coil.  

 If there is no relative motion, then no emf is induced.  

 The magnitude of emf depends upon the relative speed.  

 The magnitude of emf depends upon the number of turns in the coil. 

Ex. 10:  A coil of insulated copper wire is connected to a galvanometer. What would happen if a 
bar magnet is: 

  (i) pushed into the coil? (ii) withdrawn from inside the coil? 

  (iii) held stationary inside the coil? 

Solution : (i) The magnetic flux linked with the coil changes (i.e., increases) as result of this an induced 
 current flows in the coil and the coil and the galvanometer shows a momentary deflection 

   (say towards right) i.e., the needle of the galvanometer moves momentarily in one direction. 

  (ii) The magnetic flux linked with the coil changes (i.e., decreases). As a result of this, an  
induced current flows in the coil but in direction the opposite to that is case (i). Obviously, 
the galvanometer momentary shows a deflection in the opposite direction (i.e., towards left) 
i.e., the needle of the galvanometer moves momentarily but in the opposite direction to (i). 

  (iii) When the magnet is held stationary in the coil, there will be a magnetic flux in the coil but it 
will remain constant. Since the magnetic flux does not change, there is no induced current 
in the coil and the galvanometer shows no deflection. 

LENZ'S LAW: 

According to Lenz's law, the direction of induced current is such that it opposes the very cause that 
produces it. 

Consider a bar magnet moving towards a coil with its North pole facing the coil. Due to the 
movement of magnet, current is induced in anti-clock-wise direction in the coil when it is viewed 
from magnet. The face pointing towards magnet becomes North -pole and opposes  its movement. 
When magnet is pulled away such that its North-pole leaves the coil, current is induced in clockwise 
direction giving the face of the coil pointing towards magnet a South polarity. Thus the movement of 
magnet which is responsible for induced current, is always opposed by the current itself. 
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FLEMING’S RIGHT-HAND RULE: 

To determine the direction of induced current in a conductor, 
when it is moved across a magnetic field, Fleming proposed the 
‘Right-hand rule’. Stretch the forefinger, middle finger and 
thumb of your right hand in three mutually perpendicular 
directions, such that he forefinger points in the direction of 
magnetic field (B), the thumb indicates the direction of motion 
(M), then the middle finger representes the direction of induced 
current (i)  in the conductor.   

APPLICATION OF FARADAY’S LAW: 

1. ELECTRIC GENERATOR: 

An electric generator is a device which converts mechanical energy in to electrical energy. 

When a coil is rotated in a magnetic field, an emf is induced in it. The mechanical energy required to 
rotate the conductor is converted into electrical energy. Hence, an electric generator converts 
mechanical energy into electrical energy. 

There are two types of Electric Generators – Alternating Current (AC) generator and Direct Current 
(DC) generator. In the former, the current changes direction after every half-rotation. In the latter, 
the current is unidirectional throughout. 

THE ALTERNATING CURRENT GENERATOR: 

The main parts of an AC generator are the horseshoe magnet, armature (coil), slip rings and carbon 
brushes. 

ALTERNATING CURRENT (AC) DYNAMO: 

PRINCIPLE: 

When a conducting coil in a closed circuit in a constant uniform magnetic field rotates, the magnetic 
flux passing through it changes continuously producing an induced emf or current in the circuit. 

Construction: It consists of four major parts. 
1. Armature: It consists of insulated copper coil 

wound over a rectangular frame and soft core 
which a laminated. In the figure ABCD 
represents armature. 

2. Slip rings: S1 and S2 are two slips rings 
connected to the ends of rectangular copper 
coil. They rotate along with the coil about the 
same axis. 

3. Carbon brushes:  B1 and B2 are two carbon 
brushes used as electrical contact between 
moving parts (S1 and S2) and stationary part 
(load R).  

 

4. Permanent magnet: N–S is powerful horse shoe magnet  having concave poles. It 
produces a uniform radial magnetic field. 
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2. TRANSFORMER: 

It is a static electrical device used to step-up a  low voltage to a high voltage or to setp –
down a high voltage into a low voltage and is used on AC circuits. Transformer works on the 
principle of electromagnetic induction. The main parts of a transformer  are  

 
i.  A soft Iron laminated core 

ii.  A primary coil and    

iii.  A secondary coil  

I.     CORE: 

The core is made up of a rectangular frame made up of soft iron. Each sheet is insulated 
from neighbouring sheet by varnishing it. 

 It is made up of soft iron to increase the magnetic permeability. 

 It is made up of laminations to  avoid eddy current loss (will discuss later). 

II.   PRIMARY COIL: 

The input of the alternating voltage is connected to this coil. Since the voltage changes with 
respect to time, changing magnetic flux is introduced by this coil. This changing flux is 
coupled to the secondary coil through the core. 

III.   SECONDARY COIL: 

The output from the transformer is taken from this coil. The changing flux due to changing 
voltage in the primary coil is coupled to the secondary coil. This will produce an alternating 
voltage. 

The symbolic representation of a transformer in electric circuits is as shown in the figure. 
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STEP-UP TRANSFORMER: 

A Step-up Transformer steps the primary (incoming) voltage up to a higher value. If the number of 
turns of the secondary coil is more than the number of turns of the primary coil, it is called a Step-up 
transformer. In this case, the secondary voltage will be more than the primary voltage. The 
secondary current is less than the primary current. 

STEP-DOWN TRANSFORMER: 

A Step-down Transformer steps the primary voltage down to a lower value. If the number of turns of 
the secondary coil is less than that of the primary coil, it is called a Step-down Transformer. In this 
case, the secondary voltage will be less than the primary voltage. The secondary current is more 
than the primary current in step-down transformer.  

By using Faraday’s Law, the following relation between the number of turns and the voltage in a 

transformer is given by 1 1

2 2

V N
V N

  

Where 1 2V ,V   primary & second voltage.  1 2N &N   Number of primary & secondary turns.  

 

ENERGY LOSS IN TRANSFORMERS: 

 Due to the finite resistance of the primary and secondary coils, there will be a power loss in the 
primary and secondary coils. This is known as Copper Loss of transformer.  

Copper loss  = 2I R  

 A part of the energy is wasted on account of the magnetic flux in the soft iron core. These are 
known as Magnetic losses or Hysteresis losses.  

 A part of energy is wasted on account of the Eddy current. This is known as Eddy current loss. 
This is minimized by using laminated core.  

EDDY CURRENTS: 

Induced current produced in a solid core placed in changing magnetic field is called an Eddy 
current. It has advantages and disadvantages. 

Let us see why eddy currents are undesirable. The eddy currents produced heat up the metallic 
solid core. The heating of core by eddy currents is undesirable because 

1. it results in the loss of useful energy, 

2. it increases the risk of the breakdown of the insulation of the winding . 

Eddy currents can be eliminated by the following methods: 

1. The solid metal is cut in such manner so as to increase the path of the eddy current. Hence 

the resistance increases and eddy current reduces. 

2. Eddy currents can be reduced by using a laminated core. Instead of using a solid core, if we 

use thin sheets packed together and insulated between two layers, the resistance increases 

and the eddy current is reduced. This is the reason why the coil of a transformer is wound on 

laminated core and not on the solid core. 
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Uses of Eddy Currents 

We can make use of the Eddy current for some useful purpose. Eddy currents produce heat in 
metals. Hence metals can be melted using the eddy current. This is the principle in induction melting 
and heating furnaces. 

DOMESTIC ELECTRIC CIRCUITS:    

In our homes, we receive supply of electric power through a main supply which is also called mains.  

  
Schematic diagram of common domestic circuits 

FEATURE OF DOMESTIC CIRCUIT  

Electric cables or Overhead wires 

The electric power to a house is supplied either through overhead wires or through underground 
cables. The cable has three separate insulated wires:  

(a) Live wire (or phase or positive)  

(b) Neutral wire (or negative) and  

(c) Earth wire. 

The live wire has usually red insulation cover, neutral wire has black insulation cover and the earth 
wire has green insulation cover. As per the new International Convention, live wire has brown 
coloured insulation cover whereas neutral and earth wires have light blue and green (or yellow) 
insulation covers. The potential difference between the live and neutral wire is 220 V. The neutral 
and the earth wires are connected together at the local sub-station so that both of them are at zero 
potential. 

Pole Fuse 
Before the electric lines enter a house, the agency supplying electricity, places a fuse (called the 
Pole Fuse or Company Fuse) in the live wire. The current rating of this fuse depends upon the load 
sanctioned by the agency to that house. 
Energy Meter or kWh Meter 

After the company fuse, the cable is connected to the energy meter, which records the electricity 
consumption of the house in kilowatt, hour (kWh). The earth wire from the meter is locally earthed 
in the compound of the house. 
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Main Fuse 

The live wire coming out from the output terminals of kWh meter has another fuse in it, which is 
called the Main Fuse. 

Main Switch 

Beyond the main fuse, the live and the neutral wires are connected to the main switch. It is a double 
pole switch and has an iron covering. The covering of the main switch is also locally earthed. The 
switch can cut off the live and the neutral wires from the household circuit by operating a single 
lever. 

Distribution Board 

Power lines coming from the main switch are taken to the distribution board. It is from the 
distribution board that the wires go to the different parts of the house through fuses in the board. 

Why is series arrangement not used for domestic circuits? 

In domestic circuits, series arrangement is not used because of the following reasons: 

(a) The total potential difference available (usually 220 volts) is divided between various 
appliances in the circuit according to their resistances since the current flowing through all the 
appliances is the same. Thus, each appliance will not get the required potential difference for it 
to operate properly. 

(b) If one of the appliances is out of order, e.g., if a bulb gets fused or if we switch off one of the 
appliances all the appliances in the circuit will stop working, as the circuit gets broken. 

(c) All the appliances will work simultaneously whether we want them to work or not, thereby 
involving a lot of power wastage. 

SHORT-CIRCUITING 

In general, short-circuiting occurs when the ends of a circuit are connected by a conductor of very 
low resistance as compared to that of the circuit. In household connections, short-circuiting occurs 
when the live (positive) wire and the neutral (negative) wire come in direct contact with each other.  

Reasons of short-circuiting 

Short-circuiting happens due to : 

(a) Damage to the insulation of the power-lines 

(b) A fault in an electric appliance due to which current does not pass through it. 

Consequences of short-circuiting 

On account of short-circuiting, resistance of the circuit decreases to a very small value and 
consequently the current becomes very large. This large current results in heating of live wires, 
which produces sparking at the point of short-circuiting. This sparking sometimes causes fire in a 
building. (Apart from short-circuiting, the increase in current in the circuit and consequent heating 
may also be due to overloading of the circuit). 

ELECTRIC FUSE: A SAFETY DEVICE 

An electric fuse is a device, which is used in series to limit the current in an electric circuit. It 
easily melts due to overheating when excessive current passes through it. A fuse is a wire of 
a material with very low melting point. 
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A fuse is a wire made of an alloy of lead (75%) and tin (25%), which melts at around 200ºC (low 
melting point). Electric fuse can avoid incidents like electric shock, fire, damage to an electric 
appliance due to : 

 Short-circuiting or 

 Overloading (withdrawing current beyond a specified limit) in a circuit. 

When a heavy current flows through the circuit, the fuse wire gets heated and melts. Consequently, 
the circuit is broken and the current stops flowing in it.  

A few important points regarding a fuse are as follows : 

(a) In household supply, a fuse is always connected in live wire and not in the neutral wire 
under any circumstance. Though it will melt even when connected with neutral wire, the 
electric appliance will continue to be in contact with the live wire. Thus, when the electric 
appliance is touched, it will give shock. 

(b) A fuse is always connected in the beginning of the circuit before any appliance is 
connected. This is done to protect the appliance from getting damaged. 

(c) Fuses of various current capacities are available. Remember that thicker the fuse wire, the 
greater is its current capacity. 

(d) A fuse used must be of Current Capacity (also called Current Rating) less than the 
maximum current which a circuit or an appliance can withstand. A fuse of current capacity 
of 5 A is put in a line meant to supply power to lights (i.e., bulbs) and fans whereas a fuse of 15 
A current capacity is meant for a line which operates an electric heater or a geyser, etc. 

EARTHING 

Many electric appliances of daily use like electric press, toaster, refrigerator, table fan etc. have a 
metallic body. If the insulation of any of these appliances melts and makes contact with the metallic 
casing, the person touching it is likely to receive a severe electric shock. This is due to the reason 
that the metallic casing will be at the same potential as the applied one. Obviously, the electric 
current will flow through the body of the person who touches the appliance. To avoid such serious 
accidents, the metal casing of the electric appliance is earthed. Since the earth does not offer any 
resistance, the current flows to the earth through the earth wire instead of flowing through the body 
of the person. More over, due to very low resistance (almost nil) offered by the earth wire, the 
current in the circuit rises to a very high value, thereby melting fuse in that circuit and cutting off its 
electric supply. 
ROLE OF MAGNETISM IN MEDICINE AND ORGANISMS 

In our body, small electric current travels along the nerve cells due to ions. This current produces a 
very weak magnetic field (about one billionth time weaker than the Earth's magnetic field) in our 
body. Heart and brain are the two main organs in our body where this magnetic field is quite 
significant. The magnetic field in our body enables us to obtain the images of its different parts by 
using a technique called MRI (Magnetic Resonance Imaging). On analysing the images obtained 
through MRI, we are able to make a medical diagnosis, e.g., location and size of a tumour in brain 
etc. Thus, magnetism plays an important role in modern medical science. 
 

Apart from this, there are certain organisms, which have the ability to sense Earth's magnetic field 
and travel from one place to another. For example, some type of fishes are able to detect magnetic 
field by using special receptors whereas in certain organisms, crystals of magnetite enable them to 
move along the Earth's magnetic field. 
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 RADICAL TEST – II 
  

1. Write the full form of MRI. 

2. Who discovered Electromagnetic induction? 

3. What is a fuse? 

4. What is a neutral wire? 

5. Name any 2 devices operated in 5A circuit lines. 

6. What is the voltage given to a commercial line? 

7. Name the device that converts Electrical energy into Mechanical energy and write its 
working principle. 

8. What is Fleming's Left Hand Rule? 

9. Name the causes when a domestic fuse breaks. What is the voltage of domestic supply? 

10. Explain the importance of a fuse wire in a household circuit. 

11. What is Earthing ? Explain how Earthing improves safety. 

12. What is purpose of Fleming's Right Hand Rule? Explain the rule. 

13. Write the working principle and explain then full working of an electric generator with the help 
of well-labelled diagram. 

14. Name 2 safety measures commonly used in electric circuits and appliances. What 
precautions should be taken to avoid the overloading and short circuiting of domestic electric 
circuits? What is the function of the earth wire? 

15. What is Electromagnetic Induction? Describe an experiment to demonstrate it. In a 
household circuit all the appliances are connected in parallel. Explain the reason. 
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CONCEPT MAP 

 
 

 
 
 
 
 
 
 
 
 

 A magnet is a substance with attractive 
and directive properties. 

 Magnetic field is a space around magnet 
where force of attraction and repulsion 
is detected. 

 Magnetic field lines that represent a 
uniform magnetic field are: 

a. The lines are directed from North pole 
to South pole. 

b. They are parallel and equidistant to 
each other and form closed and 
continuous curve.  

 Oersted demonstrated that around 
every conductor carrying an electric 
current there is a magnetic field. 

 The magnitude of magnetic field is (B)  

 Right Hand Thumb Rule – Imagine a 
straight conductor in your right hand 
such that the thumb points in the 
direction of current and the curling of 
fingers gives  the direction of magnetic 
field lines. 

 Fleming’s Left Hand Rule – On 
stretching your left hand, fore finger 
points in the direction of the magnetic 
field, the central finger points in the 
direction of current and the thumb points 
in the direction of motion of conductor.  

 Fleming’s Right Hand Rule – On 
stretching your right hand, such that the 
central finger and the first finger are 
mutually perpendicular to each other, 
the first finger points in the direction of 
magnetic field, the thumb points in the 
direction of motion of the conductor and 
the central finger points in the direction 
of induced current. 
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 The cable supplying power to house 
hold has  
a  Live wire (red). 
b Neutral wire (black) 
c Earth wire (green) 

 A fuse protects the electric circuits and 
appliances from short circuiting / over 
loading. 

 Electromagnetic Induction is the 
conversion of mechanical energy into 
electrical energy. 

 Electric motor is used to convert electric 
energy into mechanical energy. 

 Generator is used to convert mechanical 
energy into electrical energy. 
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INTRODUCTION 
 The chemical phenomena of substance is based on the atomic theory of matter. Faced with a repeated 

demonstration of the usefulness, detail and subtlety of the atomic concept, it is natural to wonder how such 
idea were generated. 

The origin of the atomic theory:     Ancient Indian and Greek philosopher’s believed that the wide variety of object 
around us is made from combination of five basic elements: Earth, Fire, Water, Air and Sky. The Indian 
philosopher Kanad (600 BC) was of the view that matter was composed of very small, indivisible particle 
called “parmanus”. Ancient Greek philosopher also believed that all matter was composed of tiny building 
blocks which were hard and indivisible. The Greek philosopher Domocritus named these building blocks as 
atoms, meaning indivisible. All these people had their philosophical views about matter, these views were 
never put to experimental test.  

 It was John Dalton who firstly developed a theory on the structure of matter, latter on which was known as 
Dalton’s atomic theory.  

  Dalton suggested that there are indivisible atoms; the atoms of different elements have different 
weights; and atoms combine in a variety of simple whole number ratios to form compounds. We recognize 
today that these postulates are not all exactly correct, but they were first rationalization of the quantitative 
laws of chemical combination. Inasmuch as the combining laws comprised the first convincing experimental 
demonstration that Dalton’s idea were essentially correct, they form the experimental basis for the atomic 
theory. Let us have a look  at each of these laws, with respect to both its role in the development of the atomic 
theory, and the extent to which it is held valid today.   

 
LAWS OF CHEMICAL COMBINATIONS 
 

The combination of elements to form compounds is governed by the following five basic laws. 
(i) Law Of Conservation Of Mass 
(ii) Law Of Definite Proportions: 
(iii) Law Of Multiple Proportions 
(iv) Law Of Reciprocal Proportions 
(v) Gay  - Lussac Law Of Combining Volumes 

 
LAW OF CONSERVATION OF MASS 
 
 It states that matter can neither be created nor destroyed. 
 
 “During any physical or chemical change the total mass of the products produced is equal to the total mass of 

the reactants reacted”.  
 

SOLVED EXAMPLE (CONSERVATION OF MASS) 

 
Ex. 1 When 20 g of NaHCO3 is heated, 12.62 g of Na2CO3 and 5.24g of CO2 is produced. How many grams of H2O 

is produced?   
Sol.:  Total mass of NaHCO3 heated = 20 gms  ;  
 Total mass Na2CO3 produced = 12.62 gms 
 Total mass of CO2 produced   = 5.24 gms 
  Mass of H2O produced       = 20–12.62 –5.24 = 2.14 gms  
 

 
 
 
 

Mole Concept 

 

11  



4th Ghaziabad Super – 50                                                   Mole Concept 

2 | Chemistry  Class X | 

Ex. 2 4.90 g of KClO3 when heated produced 1.92 g of oxygen and the residue (KCl) left behind weighs 2.96g. 
Show that these results illustrate the law of conservation of mass. 

Sol.: Weight of KClO3 taken = 4.90 g 
  Total weight of the products (KCl + O2) = 2.96 + 1.92 = 4.88 g 
  Difference between the wt. of the reactant and the total wt. of the products 
  = 4.90 – 4.88 =0.02 g. 
  This small difference may be due to experimental error. 
  Thus law of conservation of mass holds good within experimental errors. 
 
LAW OF DEFINITE PROPORTIONS: 
 A given compound always contains exactly the same proportion of elements by weight. 
 Irrespective of the source, a given compound always contains same elements in the same proportion.  
 This law implies that irrespective of how a compound is prepared or from where the compound originates, it 

is always made up of the same elements combined in the same proportion by the weight. 
 
Illustration 
 Water is composed of the elements hydrogen and oxygen. It is a available from various sources such 

as sea, reiver and well, lake, spring etc or can be synthesized in laboratory by combining elements. 
Water obtained from this source, on analysis they all have same mass ratio of H:O (1 : 8). Similarly, 
NaCl obtained from various sources will have same ratio of Na. Cl(= 23 : 35.5) 

  

SOLVED EXAMPLE (DEFINITE PROPORTIONS) 

 
Ex. 3 When 50 g of ammonia is heated it gives 41.18 g of Nitrogen. When 10 g of Nitrogen is combined 

with required amount of hydrogen it produces 12.14g ammonia. Show that the given data follows the 
law of constant compositions. 

Sol.:  If 50g of Ammonia gives 41.18g of Nitrogen, then the percentage of Nitrogen in ammonia 

 is 100
50

18.41
  = 82.36%. 

 If 10g of Nitrogen gives 12.14 g of Ammonia then percentage of Nitrogen in ammonia is 
10 100 82.37%

12.14
 

 
Ex.4  Zinc sulphate contains 22.65% Zn and 43.9% H2O. If the law of constant proportions is true, then 

the mass of zinc required to give 40 g crystals will be: 
Sol.: The mass of zinc required to give 40 g crystals will be  

 = 40 22.65 9.06gm
100


  

Ex. 5  Irrespective of the source, pure sample of water always yields 88.89% mass of oxygen and 
11.11% mass of hydrogen. This is explained by the law of: 

Sol.: As in water Hydrogen 2 H : O 1:8
Oxygen 16

    by mass  

 So oxygen = 8 100 88.89%
8 1

 


 

 Hydrogen = 1 100 11.11%
8 1

 


 

 Both value always constant. Obey law of constant composition. 
   
. 
LAW OF MULTIPLE PROPORTIONS 
 If two elements can combine to form more than one compound, the masses of one element that combine with 

a fixed mass of the other element, are in the ratio of small whole numbers. 
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For Ex., carbon and oxygen combine to form CO and CO2. In CO, 12 parts by mass of carbon combines with 16 parts 
by mass of oxygen while in CO2 12 parts by mass of carbon combines with 32 parts by mass of oxygen. Therefore the 
ratio of the masses of oxygen that combines with a fixed mass of carbon is 16:32 that is 1:2.  
 

SOLVED EXAMPLE (MULTIPLE PROPORTIONS) 

 
   
Ex. 6: Sodium and oxygen combine to form two compounds of which one is Na2O. The percentage of sodium in the 

other compound is 59%. Find the formula of this compound.  

Sol.:  Percentage of sodium in Na2O is 100
62

232


  = 74.2% and percentage of oxygen is 25.8%. Percentage of 

sodium in other compound is 59% while that of oxygen is 41%. This means that in the first compound (Na2O) 
if we take 100 gm then 25.8 gm of oxygen will be present therefore the mass of sodium combining with 1g of 

oxygen would be 
8.25
2.74 = 2.87 g. Similarly in the second compound the mass of sodium combining with one 

gm of oxygen is 
41
59  = 1.44g. The ratio of masses of sodium combining with the fixed mass of oxygen is 2.87: 

1.44 = 2:1. Therefore formula of the other compound is Na2O2. 
 
Ex. 7 Carbon is found to form two oxides, which contain 42.9% and 27.3% of carbon respectively. Show that these 

figures illustrate the law of multiple proportions. 
 
Sol.: Step 1: To calculate the percentage composition of carbon and oxygen in each of the two oxides 
        First oxide Second oxide 
     Carbon   42.9%  27.3%  (Given) 
     Oxygen   57.1%  72.7% 
     (by difference) 
  Step 2: To calculate the weights of carbon which combine with a fixed weight i.e., one part by weight of 

oxygen in each of the two oxides. 
  In the first oxide, 57.1 parts by weight of oxygen combine with carbon = 42.9 parts. 

   1 part by weight of oxygen will combine with carbon 42.9 0.751
57.1

  

   In the second oxide 72.7 parts by weight of oxygen combine with carbon = 27.3 parts. 

   1 part by weight of oxygen will combine with carbon 27.3 0.376
72.7

  

  Step 3: To compare the weights of carbon which combine with the same weight of oxygen in both the oxides? 
    The ratio of the weights of carbon that combine with the same weight of oxygen (1 part) is 0.751:  

  0.376 or 2:1 
    Since this is a simple whole number ratio, so the above data illustrate the law of multiple proportions. 
Ex.8 Hydrogen combines with oxygen to form H2O and H2O2 under different conditions. With this Ex. verify the 

law of multiple proportions.  
 
Sol.: H2O (molecular weight) = 2 + 16 = 18 
    2g Hydrogen  16 g Oxygen  
    1g Hydrogen  8 g Oxygen  
    H2O2 (Molecular weight) = 2 + 32 = 34  
    2g Hydrogen  32 g Oxygen  
    1g Hydrogen = 16 g Oxygen  
    Different weight of oxygen combining with same weight of hydrogen are in 1 : 2 weight ratio hence 

  the law of multiple proportions is verified.     
 
LAW OF RECIPROCAL PROPORTIONS 
“When two elements combine separately with fixed mass of third element then the ratio of their masses in which they 
do so is either the same or some whole number multiple of the ratio in which they combine with each other”. 
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Illustration:  
 Carbon, Sulphur and Oxygen form CO2, SO2 and CS2. In CO2 12 parts by mass of carbon combine with 32 

parts by mass of oxygen while in SO2 32 parts by mass of Sulphur combine with 32 parts by mass of oxygen. 
Ratio of masses of carbon and sulphur which combine with fixed mass of oxygen is 12:32 or 3:8.In CS2 12 
parts by mass of carbon combines with 64 parts by mass of sulphur therefore the ratio of mass of carbon to 
sulphur in carbon disulphide is 12:64 i.e. 3:16. 

 Therefore, the ratio is 3 3:
8 16

 or 2:1 

SOLVED EXAMPLE (LAW OF RECIPROCAL PROPORTIONS) 

 
Ex.9 One part of an element A combines with two parts of B (another element). Six parts of element C combine 
 with four parts of element B. If A and C combines together, the ratio of their masses will be governed by: 
 (A) law of definite proportions (B) law of multiple proportions 
 (C) law of reciprocal proportions (D) law of conservation of mass 
 

Sol.: B 2 B 4 2;
A 1 C 6 3
   from this when A combined with C the ratio is A/C = 1/3 

 Hence (C) is correct. 
 
Ex. 10 Hydrogen combines with chlorine to form HCl. It also combines with sodium to form NaH. If sodium and 

chlorine also combine with each other, they will do so in the ratio of their masses as   
 (A) 23 : 35.5 (B) 35.5 : 23 
 (C) 1 : 1 (D) 23 : 1 
Sol.: 1atom of hydrogen combined with 1 atom of chlorine and 1 atom of sodium. So when sodium react with 

chlorine the ratio is 1 : 1 by atom. While 23 : 35.5 by mass. 
 Hence (A) is correct. 
 
Ex. 11 Copper sulphide contains 66.5% Cu, copper oxide contains 79.9% copper and sulphur trioxide contains 

40% Sulphur. Show that these data illustrates law of reciprocal proportions. 
Sol.: In copper sulphides 

Cu : S mass ratio is 66.6 : 33.4 
In sulphur trioxide 
Oxygen : Sulphur (O:S) mass ratio is 60:40 
Now in CuS 
33.4 parts of sulphur combines with Cu = 66.6 parts 

60:40
35.33:5.66

SOCuS 

1.20:9.79
CuO

 

    40.0 parts of sulphur combines with cu = 66.6 40 79.8parts
33.4


  

    Now the ratio of masses of Cu and O which combines 
with same mass (40 parts) of sulphur separately is 79.8:60  …(1) 

    Cu : O ratio by mass in CuO is 79.9: 20.1  …(2)  

    Ratio 1: Ratio 2 = 79.8 20.1 1:3
60 79.9

   

 Which is simple whole number ratio, hence law of reciprocal proportion is proved. 
 

GAY  - LUSSAC LAW OF COMBINING VOLUMES:  
 The volumes of gaseous reactants reacted and the volumes of gaseous products formed, all measured at the 

same temperature and pressure bear a simple ratio.  
Illustration: 

 The reaction involved in Haber’s Process (Nitrogen and hydrogen gases react to form ammonia)  
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        2 2 3
1vol 3vol 2vol

N g 3H g 2NH g    

 It is observed that the ratio of the volumes of N2 and H2 reacted and volume of NH3 produced is equal to 1:3:2 
which is a simple ratio. 

 
 This law is applicable only for gaseous reactions and should not be used for non–gaseous reactants and 

products. 
 
 

SOLVED EXAMPLE (GAY - LUSSAC LAW OF COMBINING VOLUMES) 

 
Ex.12  In the reaction, 2 2 3N 3H 2NH  , the ratio of volumes of nitrogen, hydrogen and ammonia is 1 : 3 : 2. 

These figures illustrate the law of: 
 (A) constant proportions (B) Gay-Lussac 
 (C) multiple proportions (D) reciprocal proportions 
Sol.: The above ratio of 1 : 3 : 2 illustrates the Gay-Lussac law of combining volume.  
 Hence (B) is correct. 
 
Ex.13 How much volume of oxygen will be required for complete combustion of 40 ml of acetylene (C2H2) and how 

much volume of carbondioxide will be formed? All volumes are measured at NTP. 

Sol.:       2 22 g 2 g 2 g
2 volume 5volume 4volume

2C H 5O 4CO 2H O    

    40 ml  5 40ml
2
  4 40ml

2
  

    40 ml  100 ml  80 ml  
  So for complete combustion of 40 ml of acetylene, 100 ml of oxygen are required and 80 ml of 2CO is formed. 
 
 
ATOMIC MASS, MOLECULAR MASS & EQUIVALENT MASS  
  

     Atomic mass Unit (amu) = 1
12

  mass of one atom of C - 12 = 1.660539 x10-24 gm 

 Relative atomic mass of an elements = Atomic massof an element
1 Massof oneatom C 12

12


 

Atomicmassof anelement
1amu

 

 
One amu is also called one Dalton (Da). Nowadays amu has been replaced by ‘u’ which is known as unified 
mass. 

 
MOLECULAR MASS 
 Molecular Mass is the sum of atomic masses of the elements present in a molecule. It is obtained by 

multiplying the atomic mass of each element by the number of its atoms and adding them together. 
 
Illustration 
 Molecular mass of methane which contains one carbon atom and four hydrogen atoms can be obtained as 

follows: 
 Molecular mass of methane, CH4 = (12.011) + 4 (1.008)  = 16.043 
 Similarly, molecular mass of  H2O = 2 × atomic mass of hydrogen + 1 × atomic mass of oxygen 
         = 2 (1.008) + 16.00 = 18.016 
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SOLVED EXAMPLE (MOLECULAR MASS) 

 
Ex.14  Find out the molecular mass of followings:  
 (i) NH3 
 (ii) CaCO3 
 (iii) H2SO4 
 (iv) CO2  
Sol.: (i) Molecular mass of NH3 = 14 + 3 × 1 = 17 amu 
 (ii) Molecular mass of CaCO3 = 40 + 12 + 3 × 16 = 100 amu   
 (iii) Molecular mass of H2SO4 = 2 × 1 = 32 + 4 × 16 = 98 amu 
 (iv)  Molecular mass of CO2 =  12 + 2 × 16 = 44 amu 
 
MOLE CONCEPT 
 One mole is an amount of substance containing Avogadro's number of particles. Avogadro's number is equal to 

602,214,199,000,000,000,000,000 or more simply, 6.02214199 × 1023. 
 
 A mole (symbol mol) is defined as the amount of substance that contains as many atoms, molecules, ions, 

electrons or any other elementary entities as there are carbon atoms in exactly 12 gm of 12C. The number of 
atoms in 12 gm of 12C is called Avogadro’s number (NA).  

 
NA = 6.022  1023 

 
 

6 1023 
Particles 

22.4 L of gas 
at N.T.P or 

Molar volume 
 

1 gram atom 
of element 

1 gram mole 
of substance 

1 gram formula mass 
of substance 

1 MOLE 

In terms of 
particles 

In terms of 
volume 

In terms of 
mass 

 
 
GRAM ATOMIC MASS  

 The atomic mass of an element expressed in grams is called gram atomic mass of that element. 
 It is also defined as mass of 6.022 x 1023 atoms. 
 It is also defined as the mass of one mole atoms. 
 It is also defined as the mass of 1 gram atom of the element. 
 
Illustration 
 For oxygen atom: 
 Atomic mass of ‘O’ atom = mass of one ‘O’ atom = 16 amu 
 Gram atomic mass  = mass of  6.022  1023  ‘O’ atoms 
   = 16 amu x 6.022  1023 
   = 16 x 1.66  10 -24  x 6.022 x 1023 = 16  gm/mole 
   24 231.66 10 6.022 10 1     
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SOLVED EXAMPLE (GRAM ATOMIC MASS) 

 
Ex.16 How many atoms of oxygen are there in 16 g oxygen. 

Sol.: 24x 1.66 10 16 16g      A24

1x N
1.66 10 


 

Ex.17 Calculate the weight of following samples 
    (a) 100 atoms of carbon   (b) 0.5 mole atoms of sulphur 
    (c) 8 grams atom of oxygen  (d) 25 amu of chlorine 
    (e) 1.5 × 1020

 atoms of N 
Sol.: (a) 1 mole atom of C = 12 g 

   1 atom of C = 23

12 g
6.023 10

 

   100 atom of C = 21
23

12 100 g 1.99 10 g
6.023 10


 


 

  (b) AW of S = 32 
   GAW of S = 32g = 1 mole atom 
   0.5 mole atom = 0.5 32g 16gms   
  (c) GAW = 1 gm atom 
   GAW of oxygen = 16 g = 1 gm atom of oxygen 
   8 gm atom of oxygen  = 8 16 128g   
  (d) 25 amu of chlorine 
   1 amu = 1.66 × 10–24 g  
   25 amu = 1.66 × 10–24 × 25 g = 4.15 × 10–23 g  
  (e) 1.5 5 1020 atom of N 
   1 atom of N = 14 amu 

   1.5 × 1020 atom = 14×1.5×1020 amu = 14 × 1.5 ×
20

23

10 g
6.023 10

 3 314 10 gm 3.5 10 g
1

      

 
GRAM MOLECULAR MASS 
 The molecular mass of a substance expressed in gram is called the gram-molecular mass of the substance. 
 It is also defined as mass of 6.022 x 1023 molecules .r 
 It is also defined as the mass of 1 mole molecules.  
 It is also defined as the mass of 1 gram molecule. 
 
Illustration 
 
 For ‘O2’ molecules:   
 Molecular mass of ‘O2’ molecule  = mass of one ‘O2’ molecule      
     = 2  mass of one ‘O’ atom 
     = 2  16 amu 
     = 32 amu  
 Gram molecular mass    = mass of 6.022  1023 ‘O2’ molecules  
 = 32 amu  6.022  1023  
     = 32  1.66  10-24  gm  6.022  1023  
 = 32 gm/mole  
 

SOLVED EXAMPLE (GRAM MOLECULAR MASS) 

 
Ex.18 The molecular mass of H2SO4 is 98 amu. Calculate the number of moles of each element in  294 g of H2SO4. 

Sol.:  Gram molecular mass of H2SO4 = 98 gm 
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 Moles of H2SO4 = 294 3moles
98

  

 H2SO4    H   S  O 

 one molecule    2 atoms   one atom 4 atoms 
 1 x NA    2 x NA atoms   1 x NA atoms  4 x NA atoms 
  one mole    2 mole    one mole  4 mole  
 3 mole    6 mole    3 mole   12 mole   

Ex.19 Calculate the actual mass of one molecule of CO2 
Sol.: Molecular mass of CO2 = 44 
  Weight of one molecule of CO2 = 44 amu 
  Actual mass of CO2 molecule = 44 × 1.66 × 10–24 g = 7.304 × 10–23 g 
Ex.20 Calculate the mass and number of molecules of H2SO4in 1.5 gm molecules of sulphuric acid. 
Sol.: Molecular mass of H2SO4 = 98 
  1.5 gm molecules of H2SO4 = 98 × 1.5 g = 147.0 g 
  No. of molecule of H2SO4 = 1.5 × 6.023 × 1023 molecules 
  = 9.1 × 1023 molecules  
 
AVOGADRO LAW 
 
 Equal volume of the gases have equal number of molecules (not atoms) at same temperature and pressure 

condition.   

S.T.P.  (Standard Temperature and Pressure) 

 Temperature = 0oC or 273 K 

 Pressure = 1 atm = 760 mm of Hg  

 Volume of one mole of gas at STP is found to be experimently equal to 22.4 litres which is known as molar 
volume.  

 SOLVED EXAMPLE (AVOGADRO LAW) 

 
Ex.21 Calculate the volume in litre of 20 g hydrogen gas at STP. 

Sol.: No. of moles of hydrogen gas = Given mass 20gm 10mol
Molecular mass 2gm

   
 

 Volume of hydrogen gas at STP = 10 x 22.4 lt = 224 lt. 

Ex.22  The largest number of molecules is in: 

 (A) 28 g of CO (B) 46 g of C2H5OH 

 (C) 36 g of H2O (D) 54 g of N2O5 

Sol.: 36 g H2O = 2 mole of H2O while other option has less mole. 
 Hence (C) is correct.  

Ex.23 The number of molecules in 89.6 litre of a gas at NTP are: 

 (A) 6.02 × 1023 (B) 2 × 6.02 × 1023 

 (C) 3 × 6.02 × 1023 (D) 4 × 6.02 × 1023 

Sol.: 89.6 litre of a gas at NTP = 89.6/22.4 = 3 mole = 3  NA  
 = 3  6.02  1023 molecules 
 Hence (D) is correct. 
Ex.24  The total number of protons in 10 g of calcium carbonate is: 
 (A) 3.0115 × 1024 (B) 1.5057 × 1024 

 (C) 2.0478 × 1024 (D) 4.0956 × 1024 
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Sol.: The number of moles of CaCO3 present in 10 gram = 10/100 = 0.1 mole. So number of total proton = 0.1  
6.023  1023 (20 + 6 + 8  3) = 3.0115 × 1024   

Ex.25 Calculate the mass of (i) an atom of silver (ii) a molecule of carbon dioxide.  

Sol.: (i)  1 mole of Ag atoms = 108 g   
  ( Atomic mass of silver = 108u) = 6.022  1023 atoms  
  6.022  1023 atoms of silver have mass = 108g  
   Mass of one atoms of silver 

  = 22
23

108 1.793 10 g
6.022 10

 


 

 (ii) 1 mole of CO2 = 44 g  
  ( Molecular mass of CO2 = 1 × 12 + 2 × 16 = 44u) = 6.022  1023 molecules  
  Thus, 6.022  1023 molecules of CO2 has mass = 44 g  

   1 molecule of CO2 has mass = 
23

23

44 44 10 g
6.022 10 6.022





= 7.307  1023 g  

Ex. 26 Calculate the number of molecules present 
 (i) in 34.20 grams of cane sugar (C12H22O11) 
 (ii) in one litre of water assuming that the density of water is 1 g/cm3 
 (iii) in one drop of water having mass 0.05 g.  
Sol.: (i) 1 mole of C12H22O11 = 342 g 
   12 22 11Molecular mass of canesugar C H O    

  = 12  12 + 22  1 + 11  16 = 32 amu  
  = 6.022  1023 molecules 
 Now 342 g of cane sugar contain 6.022  1023 molecules.  
   34.2 g of cane sugar will contain 

  = 
236.022 10 34.2

342


  

  = 6.022  1022 molecules 
 (ii) 1 mole of water = 18 g = 6.022  1023 molecules.  
  Mass of 1 litre of water = Volume  density = 1000  1 = 1000 g  
  Now 18 g of water contains = 6.022  1023 molecules.  

   1000 g of water will contain =
236.022 10 1000

18
   

  = 3.346  1025 molecules 
 (iii) 1 mole of H2O = 18 g = 6.022  1023 molecules.  
  Mass of 1 drop of water = 0.05 g  
  Now 18 g of H2O contain = 6.022  1023 molecules.  
   0.05 g of H2O will contain =        

 
23

216.022 10 0.05 1.673 10 molecules
18


    

Ex.27 Calculate the number of moles in each of the following:  
 (i) 392 grams of sulphuric acid 
 (ii) 44.8 litres of carbon dioxide at STP  
 (iii) 6.022  1023 molecules of oxygen 
 (iv) 9.0 grams of aluminium 
 (v) 1 metric ton of iron (1 metric ton = 103 kg)  
 (vi) 7.9 mg of Ca (vii) 65 g of carbon.  
Sol.: (i) 1 mole of H2SO4 = 98 g  
  ( Molecular mass of H2SO4 = 2 × 1 + 32 + 4 × 16 = 98u)  
  Thus 98 g of H2SO4 = 1 mole of H2SO4  
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   392 g of H2SO4 = 1 392
98

  = 4 moles of H2SO4 

 (ii) 1 mole of CO2 = 22.4 litres at STP  
  i.e. 22.4 litres of CO2 at STP = 1 mole  

   44.8 litres of CO2 at STP = 1 44.8
22.4

 = 2 moles CO2  

 (iii) 1 mole of O2 molecules = 6.022  1022 molecules.  
  6.022  1023 molecules = 1 mole of oxygen molecules.  
 (iv) 1 mole of Al = 27 g of Al 
  ( Atomic mass of aluminium = 27g)  
  i.e. 27 g of aluminium = 1 mole of Al  

   9 g of aluminium = 1 9
27

  = 0.33 mole of Al 

 (v) 1 metric ton of Fe = 103 kg = 106 g  
  1 mole of Fe = 56 g of Fe  

   106 g of Fe = 
610 molecules

56
= 1.786 × 104 moles 

 (vi) 7.9 mg of Ca = 7.9   103 g of Ca 

  =  
37.9 10 mol atomicmassof Ca 40u

40


  

 (vii) 65.5g of C = 65.5 × 10–6 g of C 

  = 
6

665.5 10 mol 5.458 10 mol
12




 
 

 
 
T-MAP: INTERCONVERSION OF MOLE-VOLUME, MASS AND NUMBER OF PARTICLES 
  

Mole
x NA

NA

Number Volume at STP
x22.4 lt

 22.4 lt

Mass

x mol. wt
x At. wt

 mol. wt

 At. wt

of entities

 
 
IMPORTANT NOTES 
 

1. STP or NTP conditions : Standard conditions means that temperature is 0C or 273K and pressure is one 
atmosphere or 760mm of Hg. 

2. 1 gm - atom is same as 1 mole of an atom & hence will have wt equal to atomic wt expressed in gms.  
3. 1 gm – molecule is same as 1 mole of the molecule & hence will have wt equal to molecular wt expressed in 

gms. 
4. 1 gm – Ion is same as 1 mole of an ion  & hence will have wt equal to ionic wt  

 
 Remember 1 gm of atom & 1gm– atom are two different phrases. Former is mentioning wt (equal to 1gm) & 

latter is mentioning moles. 
e.g.  (1)  “ x g atom of nitrogen “ = x moles of N atom  = (x × NA) number of N atoms  
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  (2) “ x g molecule of nitrogen”  = x moles of N2 molecules = (x × NA) molecules of N2  
        = (2x × NA) number of N atom  
 
 
 
 

SOLVED EXAMPLE (INTERCONVERSION OF MOLE-VOLUME, MASS AND NUMBER OF 
PARTICLES) 

 
Ex.28 How many g atom and no. of atoms are there in (a) 60 g carbon (b) 224.4 g Cu? 
 Given : At. Weight of C and Cu are 12 and 63.6 respectively. Avogadro’s no. = 6.02 x 1023. 
 

Sol.:    g atom = wt
at.wt

 and No. of atoms = wt Av.NO.
at.wt


 

 
    For 60 g C :  g atom  = 60 5

12


 

   No. of atoms  = 
23

2360 6.02 10 30.1 10
12

 
   

 (b)   For 224.4 g Cu : g atom  = 224.4 3.53
63.6

  

    No. of atoms    = 
23

23224.4 6.02 10 21.24 10
63.6
 

   

 
Ex.29 Find the number of g atoms and weight of an element having  2 x 10 23 atoms. At. Weight of element is 32. 
 
Sol.:  NA atoms have 1 g atom  

 2 × 1023 atoms have = 
23

23

2 10 0.33g atom
6.022 10





 

 NA atoms of elements weigh 32 g  

 2 × 1023 atoms of element weigh = 
23

23

20 10 32 10.628g
6.022 10
 




 

 
Ex.30 How many mole and molecules of O2 are there in 64g O2? What is the mass of one molecule of O2? 
 
Sol.:   moles of O2 in 32 g O2 = 1  

  In 64 g O2 moles  64 1 2mole
32


   

  32 g O2 contains  6.022 x 1023 molecules  

 64 g O2 contains = 
23

236.022 10 64 12.044 10
32
 

  molecules  

   NA molecules of O2 weigh 32 gm  

  1 molecule of O2 weighs 23
23

32 5.3138 10 gm
6.022 10

  
  

. 
 
Ex.31 From 200 mg of CO2 , 1021 molecules are removed. How many g and mole of CO2 are left? 
 
Sol.:  6.022 x 1023  molecules of CO2 = 44 g  

  1021 molecules of CO2 = 
21

23

44 10 g
6.022 10




= 7.31 x 10 – 2 = 73. 1 mg 

  CO2 left = 200 – 73.1 = 126.9 mg 

 Also Mole of CO2 left  = 
3

3wt. 126.9 10 2.88 10
M.wt 44
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AVERAGE WEIGHT  
 
AVERAGE ATOMIC WEIGHT 
 For elements, which have atoms with different relative masses (isotopes) the atomic mass is taken as weighted 

mean of the atomic masses. 
Average atomic weight  = ∑ %  of Isotope X Atomic Wt. of Isotope  

 
 
 

SOLVED EXAMPLE (AVERAGE WEIGHT) 

 
Ex.32 Calculate average atomic wt. of silicon if relative abundance is 92.23% Si28, 4.77%Si29, 3% Si30 

 

Sol.:  Av at wt = 92.23 28 4.77 29 3 30 28.1amu
100

    
 = 28.1 amu  

 
Ex.33 Calculate % abundance of Ag109 if it is known that silver exist in only two isotopes  Ag107& Ag109 & average 

atomic weight  = 108.5 

Sol.:  Let the % abundance of Ag109 be x  

  108.5 =  x 109 100 x 107
100

   
 

 
 10850 – 10700 = 2x  x = 75% 

 Shortcut to calculate % abundance when an element X is having only two  isotopes XA & XB & average 
atomic wt is Xavg 

  % of xA = 
B

avg
A B

x wt.of x |
100

| wt of x wt.of x |
 




 

 % obtained above is mole %.  
 

AVERAGE MOLECULAR WEIGHT  
 For homogenous mixture of several  substances having number of moles, ni  & molecular mass M(i) for ith  

species, the average molecular weight is given as  

 Average Molecular wt. = 1 1 2 2

1 2

n M n M .....
n n .......

   
 

 

 =
i i

i

n M
Totalweight

Totla no. of moles n




 

 

SOLVED EXAMPLE (AVERAGE MOLECULAR WEIGHT) 

 
Ex.34 Dry air has a molar composition as 20% O2 & 80% N2. Calculate average molecular wt. of dry air.  

Sol.: Av. Molecular wt. = 20 32 80 28 28.8
100

    

 
DETERMINATION OF MOLECULAR & EMPERICAL FORMULAE 

 The molecular formula of a compound may be defined as the formula which gives the actual number of atoms 
of various elements present in the molecule of the compound.  

 In order to find out molecular formula of a compound, the first step is to determine its empirical formula from 
the percentage composition. 
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Mass % of an element = Mass of that element 100
Molar mass

  

 
EMPIRICAL FORMULA 
 
 The empirical formula of a compound may be defined as the formula which gives the simplest whole number 

ratio of atoms of the various elements present in the molecule of the compound. 
 
 Empirical formula mass of substance is equal to the sum of atomic masses of all the atoms in the empirical 

formula of the substance.  Molecular formula is a whole number multiple of empirical formula.  
 Thus Molecular formula = (Empirical formula)  n   where n = 1,2,3… 
 

molecular Formula Molecular Massn
Empiricalformula Empirical Mass

 
     

 
STEPS FOR WRITING THE EMPIRICAL FORMULA   
 
 The percentage of the elements in the compound is determined by suitable methods and from the data 

collected, the empirical formula is determined by the following steps: 
 Divide the percentage of each element by its atomic mass. This will give the relative number of moles of 

various elements present in the compound. 
 Divide the quotients obtained in the above step by the smallest of them so as to get a simple ratio of moles of 

various elements. 
 Multiply the figures, so obtained by a suitable integer if necessary in order to obtain a whole number ratio. 
 Finally write down the symbols of the various elements side by side and put the above number as the 

subscripts to the lower right hand corner of each symbol. This will represent the empirical formula of the 
compound. 

 
STEPS FOR WRITING THE MOLECULAR FORMULA 
 
 Calculate the empirical formula as described above. 
 Find out the empirical formula mass by adding the atomic masses of all the atoms present in the empirical 

formula of the compound. 
 Divide the molecular mass (determined experimentally by some suitable method) by the empirical formula 

mass and find out the value of n. 
 
DENSITY 
 
  Density is of two types, Absolute Density and Relative Density 
 
 For liquid and solids: 

 Absolute density = mass
volume

 

 Relative density or specific gravity = o

densityof thesubs tan ce
densityof water 4 C  

For Gases:  Absolute density ( mass / volume)  = Molar mass PM
Molar volume RT

  

  Where P is pressure of gas, M = mol. Wt. of gas, R is the gas constant, T is the temperature. 
 
VAPOUR DENSITY 
 
 Vapour density is defined as the density of the gas with respect to hydrogen gas at the same temperature and 

pressure.  
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 Vapour density = 
22

gas

HH

PMgas
d RT

PMd
RT

   V. D. = 
2

gas gas

H

M M
M 2

    

 Mgas = 2 (V.D.) 
 Relative density can be calculated w.r.t. to other gases also. 
 

SOLVED EXAMPLE (VAPOUR DENSITY) 

 
Ex.35 What is the V.D. of SO2 with respect to CH4 

Sol.:  V.D. = 
 
 

2

4

SO

CH

MW

MW
 V.D. = 64 4

16
   

 
Ex.36 11.2 litre of the particular  gas at S.T.P. weighs 16 gram. What is the V. D. of gas. 
  
Sol.:  wt.of 11.2 litre = 16 gram. 

  moles = 11.2 16
22.4 M

  M = 32 gm/ mole V.D.= 32 16
2
   

 
Ex.37 A substance, on analysis, gave the following percentage composition: Na = 43. 4%, C = 11.3%, O = 45.3%. 

Calculate its empirical formula. {Na = 23, C = 12,  O = 16] 
Sol.: 

Element SYMBOL % age Atomic 
Mass 

Relative number of 
moles 

Simple ratio 
of moles 

Simplest  whole 
no. ratio 

Sodium Na 43.4 23 88.1
23

4.43
  2

94.0
88.1

  2 

Carbon C 11.3 12 94.0
12

3.11
  1

94.0
94.0

  1 

Oxygen O 45.3 16 83.2
16

3.45
  3

94.0
83.2

  3 

 Therefore, the empirical formula is Na2CO3. 
 
Ex.38 A compound has the following composition: Mg = 9.76%, S = 13.01%, O = 26.01%, H2O = 51.22%. What is 

its empirical formula? [Mg = 24, S = 32, O = 16, H = 1] 
Sol.: 

Element Symbol % age Atomic 
Mass 

Relative number 
of moles 

Simple ratioof 
moles 

Simplest 
Wholeno. 

ratio 

Magnesium Mg 9.76 24 406.0
24
76.9

  1
406.0
406.0

  1 

Sulphur S 13.01 32 406.0
32

01.13
  1

406.0
406.0

  1 

Oxygen O 26.01 16 625.1
16

01.26
  4

406.0
625.1

  4 

Water H2O 51.22 18 846.2
18

22.51
  7

406.0
846.2

  7 

  Hence, the empirical formula is MgSO4. 7H2O. 
 
Ex.39 What is the simplest formula of the compound which has the following percentage   composition. Carbon 

80%, Hydrogen 20%. If the molecular mass is 30, calculate its molecular formula.   
Sol.:     
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Element % age At. Mass Relative number of 
moles 

Simple ratio of 
moles 

Simples whole 
no.ratio 

C 80 12 66.6
12
80

  1
66.6
66.6

  1 

H 20 1 20
1

20
  3

66.6
20

  3 

  Empirical formula is CH3  

  Empirical mass = 12  1 + 1  3 = 15 2
15
30

 mass formula Emprical
mass Molecularn     

  
 Molecular formula = Empirical formula  2 = CH3  2 = C2H6 
 
Ex.40 A compound on analysis gave the following percentage composition:  
 C = 54.54%, H = 9.09%, O = 36.36%. The vapour density of the compound was found to be 44. Find out the 

molecular formula of the compound. 
 
Sol.:  Calculation of empirical formula. 

Element % age At. Mass Relative number 
of moles 

Simple ratio of 
mole 

Simplest whole no. 
ratio 

C 54.54 12 53.4
12

54.54
  2

27.2
53.4

  2 

H 9.09 1 09.9
1
09.9

  4
27.2
09.9

  4 

O 36.36 16 27.2
16

36.36
  1

27.2
27.2

  1 

   Empirical formula is C2H4O. Calculation of molecular formula: 
  Empirical formula mass = 12 2+14+161 = 44 
  Molecular mass = 2  Vapour density = 2 44 = 88 

  2
44
88

 mass formula Empirical
mass Molecularn   

  Molecular formula = Empirical formula  n = C2H4O  2= C4H8O2. 
 
Ex.41 An organic compound on analysis gave the following data:  C = 57.82%, H = 3.6%, and the rest is oxygen. Its 

vapour density is 83. Find its empirical and molecular formula. 
 
Sol.: Calculation of empirical formula: 

Element % age At. Mass Relative number of 
moles Simple ratio of moles Simplest whole 

no. ratio 
C 57.82 12 80.4

12
82.57

  2
4.2
8.4
  4 

H 3.60 1 60.3
1
60.3

  5.1
3.2
6.3
  3 

O 38.58 16 40.2
16

58.38
  1

4.2
4.2
  2 

  Empirical formula is  C4H3O2.  Empirical formula mass = 124+ 13 + 2  16 = 83 
 Molecular mass = 2  V.D. = 2  83 = 166 

 2
83

166
 mass formula Emprical

mass Molecularn   

 Molecular formula = Empirical formula  n = C4H3O2  2 = C8H6O4 
 
Ex.42 2.746 gm of a compound gave on analysis 1.94 gm of silver, 0.268 gm of sulphur and 0.538 gm of oxygen. 

Find the empirical formula of the compound. (At masses : Ag = 108, S = 32, O = 16) 

Sol.:  To calculate percentage composition. 
 Percentage composition of the compound is calculated as under: 
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 Silver = 1.94 100 70.65%
2.746

   

 Sulphur = 75.9100
746.2
268.0

 %  Oxygen = 0.538 100
2.746

  = 19.6% 

 To calculate empirical formula:  

Element % age At. Mass Relative number of 
moles Simplest ratio of moles Simplest whole 

no.ratio 

Ag 70.65 108 70.65 0.654
108

  2
305.0
654.0

  2 

S 9.75 32 305.0
32
75.9

  1
305.0
305.0

  1 

O 19.6 16 22.1
16

6.19
  4

305.0
22.1

  4 

  Empirical formula is Ag2SO4 

 

STOICHIOMETRY 
 Stoichiometry deals with the calculation of masses (sometimes volumes also) of the reactants and the products 

involved in a chemical reaction. 
 
Illustration 
 Let us consider the combustion of methane. A balanced equation for this reaction is as given below: 
   

CH4 (g) + 2O2 (g) → CO2 (g) + 2 H2O(g) 
 
 The above balance reaction gives the following information: 
 For every 1 mole of CH4, 2 mole of O2 will be required to produce 1 mole of CO2 and 2 moles of H2O. this 

signifies  Mole – Mole relation 
 For every 16 gms of CH4 , 64 gms of O2 will be required to produce 44gms of CO2 and 36 gms of H2O this 

signifies Mass – Mass relation 
 Ratio of moles of CO2 : H2O at any time = 1 : 2 
 There will be no change in total mass of all reactants and products at any time for any chemical reaction. 
 For the above reaction only, there will be no change in total number of moles of all reactants and products. 
 In order to solve the problems based on chemical calculations the following steps, in general, are quite 

helpful. 
 Write the balanced chemical equation. 
 Write the atomic mass/molecular mass/moles/molar volumes of the species involved in calculations. 
 Calculate the result by applying unitary method. 
 
INTERPRETATION OF BALANCED CHEMICAL EQUATIONS  

  Once we get a balanced chemical equation then we can interpret a chemical equation by following ways 
1. Mass – mass analysis  
2. Mass – volume analysis  
3. Volume – volume analysis  
 
MASS – MASS ANALYSIS 
  Consider the reaction,    3 22KClO K 2KCl 3O    
  According to stoichiometry of the reaction 
  Mass – mass ratio:        2 x 122.5       :      2  x 74.5    :    3 x 32  

  Or        3Massof KClO 2 122.5
Massof KCl 2 74.5





 

 

     3

2

Massof KClO 2 122.5
Massof O 3 32
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SOLVED EXAMPLE (STOICHIOMETRY) 

 
Ex.43 367.5 gram KClO3 ( M = 122.5) is heated. How many gram KCl and oxygen is  produced.  
 
Sol.: Balanced chemical equation for heating of KClO3 is  
     3 22KClO 2KCl 3O   

 Mass – mass ratio:         2 x 122.5 gm 2 x 74.5 gm :  3 x 32 gm 
 

 3Massof KClO 2 122.5 367.5 122.5
Massof KCl 2 74.5 W 74.5


  


  

 WKCl = 3 x 74.5 = 223.5 gm   

 3

2

Massof KClO 2 122.5 367.5 2 122.5
Massof O 3 32 W 3 32

 
  

 
  

 Woxygen = 144 gm 
 
Ex.44 How many grams of oxygen (O2) are required to completely react with 0.200 g of hydrogen (H2) to yield 

water (H2O)? Also calculate the amount of water formed. (At. Mass H = 1; O = 16). 
 
Sol.: The balanced equation for the reaction is  
 2H2  + O2   2H2O 
 2 mol   1 mol    2 mol 
 4 g    32 g     36 g 
 Now, 4g of H2 require oxygen  = 32 g  

 0.200 g of H2 require oxygen = 
4

32    0.200 = 1.6 g 

 Again,  4g of H2 produce H2O = 36 g 

 0.200 g of H2 produce H2O = 200.0
4

36
  = 1.8 g. 

 
MASS – VOLUME ANALYSIS 
 
 Now again consider decomposition of KClO3 
    3 22KClO 2KCl 3O   
 Mass Volume ratio,    2 x 122.5 gm    :      2 x 74.5 gm   :   3 x 22.4 lt at S.T.P. 
 we can use two relation for volume of oxygen. 

   3

2

Massof KClO 2 122.5
volumeof O atSTP 3 22.4lt





 …(i)  

 And   
2

Massof KCl 2 74.5
volumeof O atSTP 3 22.4lt





 …(ii) 

 

SOLVED EXAMPLE (MASS – VOLUME ANALYSIS) 

 
Ex.45 Calculate the volume of O2 and volume of air needed for combustion of 1 kg carbon at STP.(Assume air 

contains 20% oxygen) 
Sol.: 2 2C O CO   
  12 g C requires O2 = 22.4 litre of O2 = 1 mole of O2 = 32 g of O2 

  1000 g C requires 2
22.4 1000O litre

12


  

       = 1866.67 litre O2 
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2air OV 5 V 5 1866.67 9333.35litre      

 
 
Ex.46 What volume of oxygen at N.T.P. can be produced by 6.125 g of potassium chlorate according to the reaction 

2KClO3    2KCl + 3O2. 
Sol.: The given chemical equation is : 
 2KClO3   2KCl  +  3O2 
 2 mol  2 mol  3 mol 
 2  122.5 g    3  22.4L at N.T.P 
 Now 245 g of KClO3 produce oxygen at N.T.P. = 3  22.4 L 

 6.125 g of KClO3 produce oxygen =  
245

4.223    6.125 = 1.68 L at N.T.P. 

VOLUME – VOLUME RELATIONSHIP  
 
 It relates the volume of gaseous species (reactants or product) with the volume of another gaseous species 

(reactant or product) involved in a chemical reaction.  
 

SOLVED EXAMPLE (VOLUME RELATIONSHIP) 

 
Ex.47 What volume of oxygen gas at NTP is necessary for complete combustion of 20 litre of propane measured at 

0oC and 760 mm pressure. 
Sol.:  The balanced equation is  

 
3 8 2 2 2C H 5O 3CO 4H O

1vol 5vol
1litre 5litre

  
 

 1 litre of propane requires = 5 litre of oxygen  
 20 litre of propane will require = 5 x 20 = 100 litre of oxygen at 760 mm pressure and 0oC. 
 
Ex.48 The percentage by volume of 3 8C H  in a mixture of 3 8 4C H , CH  and CO is 36.5. Calculate the volume of  CO2 

produced when 100 mL of the mixture is burnt in excess of O2. 
Sol.:  3 8 2 2 2C H 5O 3CO 4H O l    

  4 2 2 2CH 2O CO 2H I l    

 2 2
1CO O CO
2

   

 Let a mL, b mL and c mL be volumes of C3 H8, CH4 and CO respectively in 100 mL given simple, then a + b 
+ c = 100 and a = 36.5 

 Now CO2 is formed as a result of combustion of mixture. 

  Vol. of CO2 formed = 
2

2

2

1vol. gives 3vol. CO
3a b c 1vol. gives 1vol. CO

1vol. gives 1 vol. CO

 
    
 
 



 

 =  3 36.5 100 36.5 173mL     

 
 
 
LIMITING REAGENT  
 
 In many situations one of the reactants is present in excess therefore some of this reactant is left over on 

completion of the reaction. For Ex., consider the combustion of hydrogen. 
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    2H2(g) + O2(g)  2H2O(g) 
 Suppose that 2 moles of H2 and 2 moles of O2 are available for reaction. It follows from the equation that only 

1 mole of O2 is required for complete combustion of 2 moles of H2 ; 1 mole of O2 will, therefore, be left over 
on completion of the reaction. The amount of the product obtained is determined by the amount of the reactant 
that is completely consumed in the reaction. This reactant is called the limiting reagent. Thus, limiting reagent 
may be defined as the reactant which is completely consumed during the reaction. 

 In the above Ex. H2 is the limiting reagent. The amount of H2O formed will, therefore, be determined by the 
amount of H2. Since 2 moles of H2 are taken, it will form 2 moles of H2O on combustion. 

 
 The best method to identify limiting reagent is by dividing given moles of each reactant by their 

stoichiometric coefficient, the one with least ratio is limiting reagent. It is particularly useful when number of 
reactants are more than two. 

 

SOLVED EXAMPLE (LIMITING REAGENT) 

 
 
Ex.49 How much magnesium sulphide can be obtained from 2.00 g of magnesium and 2.00 g of sulphur by  the 

reaction  Mg + S  MgS? Which is the limiting reagent? Calculate the amount of the reactants which 
remains unreacted. 

Sol. : First of all each of this masses are converted into moles: 

  2.00 g of  Mg = 
3.24

00.2  = 0.0824 moles of Mg 

 2.00 g of S = 
1.32

00.2  = 0.0624 moles of S 

 From the equation, Mg + S  MgS, it follows that one mole of Mg reacts with one mole of S. We are 
given more moles of Mg than of S. Therefore, Mg is in excess and some of it will remain unreacted when the 
reaction is over. S is the limiting reagent and will control the amount of product. From the equation we note 
that one mole of S gives one mole of MgS, so 0.0624 mole of S will react with 0.0624 mole of Mg to form 
0.0624 mole of MgS. 

 Molar mass of MgS    = 56.4 g 

  Mass of MgS formed = 0.0624  56.4 g = 3.52 g of MgS 
 Moles of Mg left unreacted  = 0.0824 –0.0624 moles of Mg 
     =  0.0200 moles of Mg 

 Mass of Mg left unreacted  = moles of Mg  molar mass of Mg 

     =  0.0200  24.3 g of Mg = 0.486 g of Mg 
 
Ex.50 4 mole of MgCO3 is reacted with 6 moles of HCl Sol.. Find the volume of CO2 gas produced at STP. The 

reaction is MgCO3 + 2HCl  MgCl2 + CO2 + H2O 
Sol.: From the reaction MgCO3 + 2HCl  MgCl2 + CO2 + H2O 
 Given moles          4 mole     6 mole 
 Given mole ratio         2       :    3 
 Stoichiometric 
 Coefficient ratio        1       :     2 
 There should be one limiting reagent. 
 To find the limiting reagent, divide the given moles by stoichiometric coefficient. 
  MgCO3  HCl 

  4 4
1
   6 3

2
  

 HCl is limiting reagent. 

  2molesof CO producedMoles of HCl
2 1

  

  moles of CO2 produced = 3 moles 
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  volumes of CO2 produced at S.T.P, = 3 22.4 67.2L   
 
Ex.51 What weight of AgCl will be precipitated when a Sol. containing 4.77 g NaCl is added to a Sol. of 5.77g of 

AgNO3?? 
Sol.: 3 3AgNO NaCl AgCl NaNO    

 mmoles. mixed 5.77 1000
170

  4.77 1000
58.5

  

  = 33.94  = 81.54    0   0  
 mmoles. left   0    47.60   33.94         33.94 
   mmoles of AgCl formed = 33.94 

  w 1000 33.94
143.5

    AgClW 4.87g  

 
CALCULATION INVOLVING PERCENT YIELD  
 
 The amount of the product that is actually obtained is called the actual yield.  
 

% yield = Actual yeild
Therotical yeild

  100 

 

SOLVED EXAMPLE (CALCULATION INVOLVING PERCENT YIELD) 

 
Ex.52 A sample of KClO3 on decomposition yielded 448 mL of oxygen gas at NTP Calculate : 
 (i) weight of oxygen produced ,  
 (ii) weight of KClO3 originally taken  
 (iii) weight of KCl produced 
 (K = 39 , Cl = 35.5 and O = 16)  

Sol.:  (i) Mole of oxygen = 448 0.02
22400

  

 Wt. of oxygen = 0.02 x 32 = 0.64gm  
 (ii) KClO3   KCl + O2 

 Applying POAC for O atoms, 
 Moles of O atoms in KClO3 = moles of O atoms in O2 
 3  (moles of KClO3 )= 2 (moles of O2) 
 (1 mole of KClO3 contains 3 moles of  O and 1 mole of O2 contains 2 moles of O)  

 3

3

wt.of KClO vol. at NTP(litre3 2
mol. wt.of KClO 22.4

    

 3wt.of KClO vol. at NTP(litre3 2
122.5 22.4

    

 Wt. of KClO3 = 1.634 g 
 (iii) Again applying POAC for K atoms,  
 Moles of K atoms in KClO3 = 1 x moles of KCl 
 (1 mole of KClO3   contains 1 mole of K and 1 mole of KCl contains 1 mole of K)  

 3

3

wt. of KClO wt. of KCl1 1
mol. wt. of KClO mol.wt. of KCl

    

 Wt. of KCl = 0.9937 g. 
 
 Ex.53 27.6 g of K2CO3 was treated by a series of reagents so as to convert all of its carbon to    K2Zn3 [ Fe(CN)6]2. 

Calculate the weight of the product. 
 
Sol.:   Several

2 3 2 3steps 6 2
K CO K Zn Fe CN     

 Since C atoms are conserved, applying POAC for C atoms, 
 Moles of C in K2CO3  = moles of C in K2Zn3 [ Fe(CN)6 ]2 



4th Ghaziabad Super – 50                                             Mole Concept 

21 | Chemistry  Class X | 

 1 x mole of K2CO3 = 12 x moles of K2Zn3 [ Fe(CN)6]2 
 (  1 mole of K2CO3 contains 1 mole of K2Zn3[Fe(CN)6]2 contains 12 mole of C)  

 2 3

2 3

wt. of K CO wt. of the product12
mol. wt. of K CO mol.wt.of product

   

 Wt. of K2 Zn3 [Fe(CN)6]2 = 27.6 698 11.6g.
138 12

   

 [mol. wt. of K2CO3 = 138 and mol. wt. of K2Zn3[Fe(CN)6]2 = 698] 
 
Ex.54 In a gravimetric determination of P, an aqueous Sol. of dihydrogen phosphate ion 2 4H PO  is treated with a 

mixture of ammonium and magnesium ions to precipitate magnesium ammonium phosphate, Mg(NH4)PO4. 
6H2O. This is heated and decomposed to magnesium pyrophosphate, Mg2P2O7 which is weighed. A Sol. of 

2 4H PO  yielded 1.054 g of Mg2P2O7. What weight of NaH2PO4 was present originally? 
 
Sol.:   heated2

2 4 4 4 4 2 2 2 7NaH PO Mg NH Mg NH PO 6H O Mg P O      
 Since P atoms are conserved, applying POAC for P atoms, moles of P in 2 4NaH PO = moles of P in 2 2 7Mg P O  
 1 × moles of NaH2PO4 = 2 × moles of Mg2P2O7 
 ( 1 mole of NaH2PO4 contains 1 mole of P and 1 mole of Mg2P2O7 contains 2 moles of P) 

 2 2 72 4

2 4 2 2 7

wt. of Mg P Owt.of NaH PO 2
mol. wt. of NaH PO mol.wt.of Mg P O

   

  2 4wt. of NaH PO 1.0542
120 222

   

  Wt.  of NaH2PO4 = 1.14 g. 
 
Ex.55  What weight of CO is required to form Re2(CO)10 from 2.50 g of Re2O7 according to the unbalanced reaction: 
 Re2O7 + CO  Re2 (CO)10 + CO2 

(Re = 186.2, C = 12 and O = 16 ) 
 
Sol.:  Suppose the relative moles of each reactant and product are as follows (just for convenience) 
  2 7 210b moles d molesa moles cmoles

Re O CO Re CO CO    

 Applying POAC for Re atoms, 
 Moles of Re in Re2O7 = moles of Re in Re2(CO)10  
 2 × moles of Re2O7 = 2× moles of Re2 (CO)10 
 2a  = 2c  or   a = c      … (i) 
 Applying POAC for C atoms, 
 Moles of C atoms in CO = moles of C in Re2(CO)10 + moles of C in CO2 
 1 × moles of CO = 10 × moles  of Re2(CO)10 + 1 × moles of CO2 
 Or    b = 10c + d      …. (ii) 
 Applying POAC for O atoms, 
 Moles of O in Re2O7 + moles of O in CO 
 = moles of O in Re2(CO)10 + moles of O in CO2 
 7 × moles of Re2O7 + 1 × moles of CO = 10 × moles of Re2(CO)10 + 2 × moles of CO2 
 or 7a + b = 10 c + 2d     …. (iii) 
 From the eqns. (i), (ii), (iii), we get,  17a = b 
 i.e.,  17 × moles of Re2O7 = moles of CO 

   2 7mol. wt.of Re O 484.42.50 wt. of CO in g17
mol. wt. of CO 28484.4 28

 
    

 

    Wt. of CO = 2.46 g. 
 
Ex.56 1.84 g of a mixture of CaCO3 and MgCO3 was heated to a constant weight. The constant weight of the residue 

was found to be 0.96 g. Calculate the percentage composition of the mixture. (Ca = 40, Mg = 24, C = 12, O = 
16) 

 
Sol.: On heating CaCO3 and MgCO3, one of the products, CO2, escapes out. 
 We have, 
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3 3 2yg 0.96 y gxg 1.84 x g
CaCO MgCO CaO MgO CO


      

 Applying POAC for Ca atoms, 
 Moles of Ca atoms in CaCO3 = moles of Ca atoms in CaO 
 1 × moles of CaCO3 = 1 × moles of CaO 

 x y
100 56

  3CaCO 100
CaO 56

 
  

  … (i) 

 Again applying POAC for Mg atoms, 
 Moles of Mg in MgCO3 = moles of Mg in MgO 
 1× moles of MgCO3 = 1 × moles of MgO 

 3MgCO 841.84 x 0.96 y
MgO 4084 40

  
   

    …. (ii) 

 From eqns. (i) and (ii), we get x = 1 g, y = 0.84 g 

 % of CaCO3 = 1 100 54.34%
1.84

   

 % of MgCO3 = 45.66%    
 
Ex.57 What mass of zinc is required to produce hydrogen by reaction with HCl which is enough to produce 4 mol of 

ammonia according to the reactions. 
    Zn + 2HCl  ZnCl2 + H2 
    3H2 + N2  2NH3 
 
Sol.:  The given equations are  
 Zn + 2HCl  ZnCl2 + H2 
 3H2 + N2  2NH3 
 From the equations it is clear that  
 2 mol of NH3 require = 3 mol of H2  ; 3 mol of H2 require = 3 mol of Zn 
 Thus, 2 mol of NH3 require = 3 mol of Zn = 3  65 g of Zn 
 

  4 mol of NH3 require  = 
2
653   4 = 390 g of Zn.  

 
CONCENTRATION TERMS 
 All the concentration terms given below are applicable only when there is a homogenous Sol. or when solute 

completely dissolves in the solvent.  
 The following concentrations terms are used to expressed the concentration of a Sol.. These are 
1. Molarity (M) 
2. Molality (m) 
3. Mole fraction (X) 
4. % calculation 
5. ppm 
 
MOLARITY (M) 
 
 The number of moles of a solute dissolved in 1 L (1000 ml) of the Sol. is known as the molarity of the Sol.. 
 

Molarity of Sol. = number of moles
volume of solution in litre

 

 

SOLVED EXAMPLE (CONCENTRATION TERMS) 
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Ex.58 149 gm of potassium chloride (KCl) is dissolved in 10 Lt of an aqueous Sol.. Determine the molarity of the 
Sol. (K = 39, Cl = 35.5) 

 
Sol.: Molecular mass of KCl = 39 + 35.5 = 74.5 gm 

  Moles of KCl = 149gm 2
74.5gm

    

  Molarity of the Sol. = 2 0.2M
10

  

 
Ex.59 What volume of a 3.0 M HCl Sol. be mixed with 500 mL of a 7 M HCl Sol. to prepare a HCl Sol. whose 

molarity will be 4.0? 
 
Sol.:  Let V mL of 3.0 M HCl Sol. is taken, then 3V + 500 × 7 = 4× (500 + V)  V = 1500 mL 
 
Ex.60 Determine molarity of a Sol. obtained by mixing 50 mL of a 0.26 M H2SO4 Sol. with another 150 mL 0.48 M 

H4SO4 Solution.  
 
Sol.: It is a case of mixing of two Sol.s of different molarities. Applying the mixing formula: 

  1 1 2 2
3

3

M V M V 50 0.26 150 0.48M 0.425M
V 50 150
   

  


= 0.425 M 

 
Ex.61 What volume of a 5.00 M 2 4H SO  Sol. should be added to a 150 mL 1.0 M 2 4H SO  Sol. to obtain a Sol. of 

sulphuric acid of molarity 2.5? 
 
Sol.: It is again a case of mixing of two Sol.s. Let us assume that V mL of the stock Sol. of 2 4H SO  is added. 
    5V + 150 × 1.0 = 2.5 × (150 + V)  
     2.5 V = 225 

 Mole
x NA

NA

Number Volume at STP
x22.4 l t
22.4 l t

Mass

x mol . wt
x At. wt

mol. wt
At.  wt

o f e n titi es   225V 90mL
2.5

   

 
Ex.62 A 150 mL 0.25 M NaCl Sol., 250 mL 0.45 M CaCl2 Sol. and a 100 mL 0.60 M AlCl3 Sol. are mixed together 

and diluted to a final volume of 750 mL by adding enough water. Determine molarity of chloride ion (Cl–)in 
Sol. assuming that all three salts are completely soluble as well as completely dissociated. 

Sol.: First we need to calculate total mmoles of Cl– from the three salt Sol. s: 
 mmoles of Cl– ion from NaCl = 37.5 
 mmoles of Cl–  ion from CaCl2 = 2 × mmoles of CaCl2 
                  = 2 × 112.5 = 225 
 mmoles of Cl– ion from AlCl3  = 3 × mmoles of AlCl3  
           = 3 × 60 = 180 
    Total mmoles of Cl–in final Sol. 
                       = 37.5 + 225 + 180 = 442.5 

    Molarity of Cl– = mmoles of Cl 442.5 0.59M
mL of solution 750



   

  
MOLALITY (m) 
 
 The molality is the number of moles of solute present in one Kg of solvent  
 

 
solute

solvent

w 100m
M.Mass w gm





 

 
 Molality is independent of temperature changes. 
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SOLVED EXAMPLE (MOLALITY) 

 
 
Ex.63 255 gm of an aqueous Sol. contains 5 gm of urea. What is the  concentration of the 
  Sol. in terms of molality. (Mol. wt. of urea = 60) 
Sol.: Mass of urea = 5 gm 
 Molecular mass of urea = 60 

 Number of moles of urea = 5 0.083
60

  

 Mass of solvent = (255 – 5) = 250 gm 

  Molality of the Sol. = Number of molesof solute 1000
Massof solvent in gram

  

 = 0.083 1000 0.333
250

     

 
Ex.64 The molarity and molality of a Sol. are M and m respectively. If the molecular weight of the solute is M , 

calculate the density of the Sol. in terms of M, m and  M . 
Sol.:  Let weight of solute be w g and weight of solvent is W g and volume of Sol. is V mL. 

   
w 1000M
M V





   … (1) 

   
w 1000m
M W





   … (2) 

   
w WD

V


    … (3) 

 By Eq. (1) 
MM Vw
1000


    … (4) 

 By Eq. (2) 
w 1000 MM V 1000W
M m 1000 M m

 
 

   
  by Eq. (4) 

   
MVW
m

    … (5) 

  By Eq. (3) 

MV MM V
m 1000D

V




   1 MD M
m 1000

    
  

 
 

 
 
Ex.65 Find the molarity and molality of a 15% Sol. of H2SO4 (density of H2SO4 = 1.020 g cm3 (Atomic mass: H = 

1, O = 16, S = 32 amu).  

Sol.: 15% of Sol. of H2SO4 means 15 g of H2SO4 are present in 100 g of the Sol. i.e. 
  Mass of H2SO4 dissolved = 15 g  
  Mass of the Sol. = 100 g  
  Density of the Sol. = 1.02 g/cm3 (given)  
  Calculation of molality:  
  Mass of Sol. = 100 g  
  Mass of H2SO4 = 15g  
  Mass of water (solvent) = 100 – 15 = 85 g  
  Mol. mass of H2SO4 = 98  

   15 g H2SO4 = 15 0.153moles
98

  

  Thus 85 g of the solvent contain 0.153 moles 100 g of the solvent contain 

   0.153 1000 1.8
85
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  Hence the molality of H2SO4 Sol. = 1.8 m  
  Calculation of molarity:  
  15 g of H2SO4 = 0.153 moles  

    

  Thus 98.04 cm3 of Sol. contain H2SO4 = 0.153 moles  
 
MOLARITY(M) AND MOLALITY(M) FOR PURE SUBSTANCES  
1.  Water :   
  Let the sample of water has 1000 ml  
  Mass of water = 1000 gm [density of water = 1gm/mL.] 

  Moles of water 1000
18

mol     

        & molality = 

1000
18 55.55
1

mol
m

kg

 
 
      

 
2.  Pure ethanol : 
   d gm/ml (density of ethanol) 
  (C2H5OH) let volume of ethanol taken be  1000 ml. 
   ethanol in 1000 ml =  

  Mol of ethanol  =
1000d

46
   Molarity  =  

  & molality of ethanol =    

 Parts per million (ppm)     Amount of solute ( in g ) with 106 g solvent  
 Parts per billion ( ppb)    Amount of solute ( in g ) with 109 g solvent 
 
MOLE FRACTION (X)  

 Mole fraction of a component in a Sol. is defined as :  

 No.of moles of that components
Totalno.of molesof all thecomponents

 

 For a Sol. containing only in nA mole of A and nB mole of B 

 Mole fraction of A (xA) = A

A B

n
n n  

 Mole fraction of B (xB) = B

A B

n
n n  

 Sum of mole fraction of all the components of a Sol. is equal to 1. i.e., xA + xB = 1  
 
PERCENTAGE  CONCENTRATION 
 
 The concentration of a Sol. may also be expressed in terms of percentage in the following way. 
 
1. % WEIGHT BY WEIGHT (W/W):  
 
 It is given as mass of solute present in per 100 gm of Sol.. 

Wt. of solutionVol. of solution
Density of solution

 3100 98.04 cm
1.02

 

1000
18 55.55
1

Molarity M

 
 
   

wt of 1000 d gm


1000

46
d

1000
100046

1000 46
1000

d mol

d kg
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mass of solute in gm% w/w =  × 100
mass of solution in gm

 

 
2. % WEIGHT BY VOLUME (W/V) :  
 
 It is given as mass of solute present in per 100 ml of Sol.  

mass of solute in gm% w/v =  × 100
volume of solution in ml

 

 
3. % VOLUME BY VOLUME (V/V) :  
 
 It is given as volume of solute present in per 100 ml Sol..    

Volume of solute in ml% V/V =  × 100
Volume of solution in ml

 

 

SOLVED EXAMPLE (PERCENTAGE CONCENTRATION) 

 
 
Ex.66 0.5 g of a substance is dissolved in 25 g of a solvent. Calculate the percentage amount of  the substance in the 

Sol.. 
 
Sol.: Mass of substance = 0.5 g Mass of solvent = 25 g 

  Percentage of the substance (w/w) 
0.5 100 1.96

0.5 25
  

  
 
Ex. 45:   320cm  of an alcohol is dissolved in 380cm  of water. Calculate the percentage of alcohol in solution. 
 
Sol.: Volume of alcohol = 320cm  Volume of water = 380cm  

  percentage of alcohol 
20 100 20

20 80
  


% 

 



4th Ghaziabad Super – 50                                             Mole Concept 

27 | Chemistry  Class X | 

MOLAR MAP 
 
Reaction:  A (reactant)   B (product)           

Where  and  are coefficient of reactant and product respectively.  
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INTRODUCTION
An expression of the form  2ax bx c   where , ,a b c C  with 0a  is called a quadratic expression or
second degree polynomial or a quadratic polynomial in the variable x . Here , ,a b c  are called coefficients.

The form 2ax bx c   is called the standard form of the quadratic expression in x . In this, the first term
2ax  is called the quadratic term. The second term, bx  is the linear term; and the last term c  is called

the constant term. Example :  2 2 25 2 3,2 3,3 2 5x x x ix i x     

Quadratic Equation
Any equation that can be expressed in the form 2 0ax bx c    where , ,a b c C  and 0a , is
called a quadratic equation in x . Here , ,a b c  are called coefficients. The form 2 0ax bx c    is called
the standard form of the quadratic equation in x .
Example : 25 8 2 4x x x    which can be expressed as 25x 10 4 0x   is a quadratic equation.

Equation v/s Identity

A quadratic equation is satisfied by exactly two values of ' x ' which may be real or imaginary.
The equation, a x2 + b x + c = 0 is:
a quadratic equation if 0a  Two Roots

a linear equation if 0, 0a b  One Root

a contradiction if 0, 0a b c   No Root

an identity if 0a b c   Infinite Roots

If 2ax bx c 0    is satisfied by three or more distinct values of ' x ', then it is an identity..

Note:
(i) 3x2 + 2x – 1 = 0 is a quadratic equation here a = 3.
(ii) (x + 1)2 = x2 + 2x + 1 is an identity in x.

Here highest power of x in the given relation is 2 and this relation is satisfied by three different
values x= 0, x = 1 and x = – 1 and hence it is an identity because a polynomial equation of nth

degree cannot have more than n distinct roots.

Solution Set / Roots / zeros of an equation

In a given domain, the set of all roots of an equation,  is called the solution set of the equation.

For example, the set  1, 2,3 is the solution set of the equation 3 26 11 6 0x x x   
Solving an equation means finding its solution set. In other words, solving an equation is the process of
obtaining  all its roots.

 
        

  

11  

 

 
 
 

Quadratic Equation 
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Roots of quadratic equation
A complex number,   is called a  root or  a solution of a quadratic equation

2 0ax bx c    2 0a b c    . The set of all solutions of the equation is called its
solution set and the process of finding the solution set is
called solving of the equation.

2 0ax bx c   ——— (1)
The values of x , that satisfy (1), are called the roots of the equation
(or the solutions or zeroes of the equation).
Recall that every polynomial of degree n has at the most n zeroes. So,  every quadratic equation
  has 2 roots.

  Also, recall the fundamental theorem of factorization; If x = k is a zero of a polynomial P(x) then
  x – k is a factor of P(x).

  Let ,    be the roots of (1). Then, using factor theorem,  x   and  x   are the factors

  of  L.H.S.of (1) i.e.of 2ax bx c 

  (1)  x2 + 
a
b  x + a

c
= 0 ——— (2)

and x2 + 
a
b  x + a

c
=   x x   ,  for all x

(2) x2 +
a
b

 x  + 2

2

4a
b

+ 2

2

4a
b

a
c       = 0


2

2 









a
bx = a

c
a

b
2

2

4
       = 2

2

4
4

a
acb 

  
a

bx
2

  = 
a

acb
2

42 
     x = 

a
acbb

2
42 

So the two roots &   are given by

a
acbb

a
acbb

2
4   &    

2
4 22 




 

Discriminant of a quadratic equation  ax2 + bx+ c = 0
It is denoted by D and defined as D = b2 – 4ac.

Sum & Product of the Roots

For quadratic equation ax2 + bx + c = 0 , If &   are the roots then :

  = sum of the roots = 
a
b

2

coefficientof x
coefficientof x

 

&    = product of the roots =
a
c

 
2

constant term
coefficient of x



Higher degree polynomial equations

Let us start with a cubic polynomial equation. Consider px3 + qx2 + rx +s = 0, p 0 , q, r, sR.
Let , ,  be the roots, then
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x3 + 
p
q  x 2 +

p
r

 x + p
s

 = (x – a) (x – b) (x – g) for all x   R

 +  +  = p
q

,     +  +  = p
r

,    = p
s

Let A1 =  +  + ,   A2 =  +  + ,  A3 = 

Then we have A1 = 3

2

of   tcoefficien
of   tcoefficien

x
x

p
q 



 ,

A2 = 3of   tcoefficien
of  tcoefficien

x
x

p
r
   &  AA3 = 3of  tcoefficien

 termconstant
xp

s 




To generalise this idea, consider an nth degree equation

Relation between Roots and Coefficients

Let    1 2 3 n, , ,....  are roots of the equation

 
      n n 1 n 2

0 1 2 n 1 nf(x) a x a x a x .... a x a 0

      0 1 2 nf(x) a (x ) x ........(x )

           n n 1
0 1 n 0 1 2 na x a x ....a a x x .... x

Comparing the coefficients of n 1x  on both sides, we get

           1
1 1 2 n i

0

aS ......
a



 
n 1

1 n

coeff. fo xS
coeff. of x

Comparing the coefficients of 2nx  both sides, we get:

 


            2 2
2 1 2 1 3 i j

i j 0

aS ..... 1
a  

  


2 n 2

2 n

1 coeff.of x
S

coeff. of x

  


k n k

k n

1 coeff.of x
S

coeff. of x     
       

n
n n

n 1 2 3 n n
0

1 const.termaS ... 1
a coeff. of x

Hence kS  denotes the sum of the products of the roots taken K at a time.

SOLVED EXAMPLE (QUADRATIC EQUATION) 

Ex.1 If a, b are the roots of the equation 6x2 - 6x + 1 = 0, then prove that

4321
)(

2
1)(

2
1 3232 dcbadcbadcba 

Sol.: 6
1and1 

Now )(
2
1)(

2
1 3232  dcbadcba



     | MATHEMATICS                                                                                Class X |4

4th Ghaziabad Super – 50                     Quadratic Equation

 )()()()(
2
1 3322  dcbaa

    )(3)(2)(2
2
1 32  dcba
















 







 

2
11

3
112

2
1 dcba

432
dcba 

Ex.2  ,    are the roots of the equation (a – 2) x2– (5 – a) x – 5 = 0. Find ‘a’ if .62|| 

Sol.: We have 2
5




a

a
 and 2

5




a

But  4)()( 22

24 = 2
20

2
5 2














aa
a

011110623 2  aa
i.e.  (a – 3) (23a – 37) = 0

a = 3 or 
37
23

Ex.3 If the roots of the equation (x – a) (x – b) – k = 0 be c and d, prove that the roots of  (x – c) (x – d) + k
= 0 are a and b.

Sol.: c and d are the roots of x2  (a + b) x + ab - k = 0

c + d = a + b and cd = ab – k

a + b = c + d and ab = cd + k … (i)

But a and b are the roots of (x – a) (x – b) = 0

i.e. of x2 – (a + b)x + ab = 0

i.e. of x2 – (c + d)x + cd + k  = 0 using (i)

i.e. of  (x – c) (x – d) + k = 0

Ex.4 If , ,  are the roots of 7 x3 - x - 2 = 0, find the value of  














.

Sol.:   0;  
7
2and

7
1



Now  






























 3111)(  on expansion

)0since(03 














 

    3
















Ex.5 Solve the equation (x + 2) (x + 3) (x + 8) (x + 12) = 4x2

Sol.: The given equation is (x + 2) (x + 3) (x + 8) (x + 12) = 4x2 …(i)
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Since, (-2) (-12) = (-3) (8) we can write equation (i) as
(x + 2) (x + 12) (x + 3) (x + 8) = 4x2

 (x2 + 14x + 24) (x2 + 11x + 24) = 4x2 …(ii)
Now x = 0 is not a root of (i)
Dividing by x2 in both sides of (ii) we get

 411241424








 






 
x

x
x

x …(iii)

Put y
x

x 
24

 then equation (iii) can be reduced in the form

(y + 14) (y + 11) = 4
or y1 = -15  and  y2 = -10
Thus, the original equation is equivalent to the collection of equations






















02410
02415i.e.,

1024

,1524

2

2

xx
xx

x
x

x
x

Solving these collection, we get

2
12915,

2
12915

21





 xx , x3 = -6,  x4 = -4

Nature of the roots of 2ax bx c 0    if a, b, c are real and a  0

i) ,  are real and distinct iff D > 0.

ii) ,   are real and equal iff D = 0.

iii) ,   are non-real iff D < 0.

(A short note on non - real roots) :

If D < 0  then 4ac – b2 > 0  &  D = (–1)(4ac – b2)
There is no real number whose square is –1. Consider an imaginary number i whose square is –1.

 (i is non-real.) Then the two non-real roots &   can be expressed as

 = p + iq     &     = p – iq where p = a
b

2


  &   q = 
a

bac
2

4 2

So, &   are expressed in a new notation.

A non-real number p + iq, where ,p q R  and i2 = –1, is called a complex number.

p – iq is called the complex conjugate of p + iq. Here,   is the complex conjugate of  .

So we have learnt an important fact, for a, b, c R  the non-real roots i.e. the complex roots of a
quadratic equation ax2 + bx + c = 0 appear in pairs (one root is the complex conjugate of the
other).
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Note:

(i) Roots of 2ax bx c 0    have  opposite signs when b2  4ac > 0 and ac < 0

(ii) Roots of 2ax bx c 0    have same sign when 2b 4ac 0   and ac > 0
The following table summarizes the nature of the roots:

Consider the quadratic equation, a x2 + b x + c = 0 having ,  as its roots & D = b2 - 4 a c

      

    D = 0                  D > 0
Roots are equal  =  = - b/2a         Roots are unequal

     

    a, b, c  R & D > 0 a, b, c  R & D < 0
    Roots are real    Roots are non-real  = p + i q,   = p - i q

     

a, b, c  Q & a, b, c  Q &
D is a perfect square of rational number D is not a perfect square of rational number
  Roots are rational  Roots are irrational

¯  i.e.  = p + q ,  = p - 
q

a = 1, b, c  I & D is a perfect square
Roots are integral.

SOLVED EXAMPLES 

Ex.6 Let a > 0, b > 0 and c > 0. Then prove that both the roots of the equation ax2 + bx + c = 0 have negative
real parts.

Solu.: We have acbD 42  . If D  0, then the roots of the equation are given by

a
Dbx

2




As  D < b2  ( a > 0, c > 0), it follows that the roots of the quadratic equation are negative. In case D
< 0, then the roots of the equation are given by

which have negative real parts.

Ex.7 For what integral value of ‘a’ are the roots of the equation ax2 + (2a - 1)x +(a - 2) = 0 rational?

Sol.: The roots are rational if the discriminant is a perfect square.

i.e.  (2a - 1)2 – 4(a) (a – 2) must be a perfect square.

i.e.  4a + 1 must be a perfect square
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Since a is an integer, 4a + 1 must be an odd number and a perfect square. The square of an odd
number is an odd number.
\ 4a + 1 = (2n + 1)2 for some n

\ a = )1(
4

44 2


 nnnn  where n is a natural number..

QUADRATIC EXPRESSION

Graph of Quadratic Expression

The expression ax2 + bx + c is said to be a real quadratic expression in x where a, b, c are real and a 
0. Let  y = f(x) = ax2 + bx + c, where a, b, c  R (a  0). f(x) can be re-written as

f(x) = 
                       

2 22

2 2

b 4ac b b Da x a x –
2a 4a 2a 4a

, where D = b2 – 4ac is the discriminant  of

the quadratic expression.


  
 

Dy
4a  = a 

 
 

 

2
bx

2 a

« The graph between x, y is always a parabola.
Therefore y = f(x) represents a parabola whose

axis is parallel to the y-axis, with vertex at  A 





 


a4
D,

a2
b

 .

therefore the co-ordinate of vertex are 
 
  
 

b D,
2a 4 a

« The parabola intersect the y-axis at point (0, c).

« The x- co-ordinate of point of intersection of parabola with x-axis are the real roots of the
quadratic equation f (x) = 0. Hence the parabola may or may not intersect the  x-axis at real points.

Note : If a > 0, the parabola will be concave upwards and if a < 0 the parabola will be concave downwards
and it depends on the sign of b2 - 4ac whether the parabola cuts the x-axis at two points

(b2 – 4ac > 0), touches the x-axis (b2–4ac = 0) or never intersects with the x-axis (b2 - 4ac < 0).
This gives rise to the following cases:

(i) a > 0 and b2–4ac < 0

 f(x) > 0  x R
In this case the parabola always remains concave
upwards and above the x-axis

(ii) a > 0 and b2– 4ac = 0
  f(x)   0   x R                                                              x x

y = f(x)

–b/2a

In this case the parabola touches the x-axis and remains
concave upwards.
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(iii) a > 0 and b2 – 4ac > 0.

Let f(x) = 0 has two real roots   and   (  <  ).
Then f(x) > 0 x (– ,  )  ( ,  ),

f(x) < 0  x ( ,  )  and f(x) = 0 for x { , }   .

In this case the parabola cuts the x-axis at two points   and 
and remains concave

upwards.
(iv) a < 0 and b2 – 4ac < 0

x x
–b/2a

y = f(x)  f(x) < 0 xR.

In this case the parabola remains concave
downwards and always below the x-axis.

(v) a < 0 and b2– 4ac = 0
  f(x)   0   x  R

In this case the parabola touches the x-axis and
remains concave downwards.

(vi) a < 0 and b2 – 4ac > 0.

Let f(x) = 0 has two real roots   and   (  <  ).

Then f(x) < 0 x (– ,  )  ( ,  ),          
 

b / 2ax ' x

 y f x

 

f(x) > 0  x ( ,  )

and f(x) = 0 for x { , }   .
In this case the parabola cuts the x-axis at two points

  and   and remains concave downwards.

Notes:  (i) if a > 0, then minima of f(x) occurs at x = –b/2a and if a < 0, then maxima of f(x)
occurs at x = –b/2a

 (ii) If f(x) = 0 has two distinct real roots, then a.f(D) < 0 if and only if d lies between
the roots and a.f(D) > 0 if and only if d lies outside the roots.

Sign of Quadrat ic Expression

The value of expression, f (x) = a  x2 + b x + c at x = x0 is equal to y-co-ordinate of a point on
parabola y = a x2 + b x + c whose x-co-ordinate is x0. Hence if the point lies above the x-axis for
some x = x0, then f (x0) > 0 and vice-versa. We get six different positions of the graph with
respect to x-axis as shown.

x x

y = f(x)

–b/2a
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 b / 2a

x ' x

 y f x

NOTE: (i) " x Î R, y > 0 only if a > 0 & D = b² - 4ac < 0 (figure 3).
(ii) " x Î R, y < 0 only if a < 0 & D = b² - 4ac < 0 (figure 6).

Range of Quadratic Expression f(x) = ax2 + bx +c

Absolute Range: If a > 0  f (x) Î 







 ,

a4
D

; If a < 0 Þ f (x) Î 









a4
D,

Hence maximum or minimum values of the expression f (x) is -
a4

D  in respective cases and it

occurs at x = - a2
b

 (at vertex).

SOLVED EXAMPLE (QUADRATIC EXPRESSIONS) 

Ex.8 The minimum value of  f(x) = x2 – 5x + 6 is
(a) -1 (b) -1/2 (c) -1/4 (d) -2

Sol. The minimu Value of f(x) = x2 – 5x + 6 occurs at x = - b/2a
which is - D/4a.
Here, -D/4a = -1/4


