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Energy Bands in Solids:

� According to Quantum Mechanical Laws , the energies of electrons in a 
free  atom can not have arbitrary values but only some definite 
(quantized) values.

� However, if an atom belongs to a crystal , then the energy levels are 
modified .

� This modification is not appreciable in the case of energy levels of 
electrons in the inner shells (completely filled).

� But in the outermost shells, modification is appreciable because the 
electrons are shared by many neighbouring atoms.

� Due to influence of high electric field between the core of the atoms and 
the shared electrons, energy levels are split-up or spread out forming 
energy bands.

Consider a single crystal of silicon having N atoms .  Each atom can be 
associated with a lattice site.

Electronic configuration of Si is 1s 2, 2s2, 2p6,3s2, 3p2.  (Atomic No. is 14)
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Formation of Energy Bands in Solids:
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Each of N atoms has its own energy levels.  The ene rgy levels are identical, 
sharp, discrete and distinct.
The outer two sub-shells (3s and 3p of M shell or n  = 3 shell) of silicon atom 
contain two s electrons and two p electrons.  So, t here are 2N electrons 
completely filling 2N possible s levels, all of whi ch are at the same energy.

Of the 6N possible p levels, only 2N are filled and  all the filled p levels have 
the same energy.

(ii)  Oc < r < Od:
There is no visible splitting of energy levels but there develops a tendency 
for the splitting of energy levels.

(iii) r = Oc:
The interaction between the outermost shell electro ns of neighbouring
silicon atoms becomes appreciable and the splitting  of the energy levels 
commences.

(i) r = Od (>> Oa):

(iv) Ob < r < Oc: 

The energy corresponding to the s and p levels of e ach atom gets slightly 
changed.  Corresponding to a single s level of an i solated atom, we get 2N 
levels.  Similarly, there are 6N levels for a singl e p level of an isolated atom.



Since N is a very large number ( ≈ 1029 atoms / m 3) and the energy of each level 
is of a few eV, therefore, the levels due to the sp reading are very closely 
spaced. The spacing is ≈ 10-23 eV for a 1 cm 3 crystal.

The collection of very closely spaced energy levels  is called an energy band.

(v) r = Ob:
The energy gap disappears completely.  8N levels ar e distributed
continuously.  We can only say that 4N levels are f illed and 4N levels are 
empty.

(v) r = Oa:
The band of 4N filled energy levels is separated fr om the band of 4N unfilled 
energy levels by an energy gap called forbidden gap or energy gap or   
band gap .

The lower completely filled band (with valence electrons) is called the 
valence band and the upper unfilled band is called the conduction band .

Note:

1. The exact energy band picture depends on the rela tive orientation of 
atoms in a crystal.

2. If the bands in a solid are completely filled, th e electrons are not permitted 
to move about, because there are no vacant energy l evels available.
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The first possible energy band diagram 
shows that the conduction band is only 
partially filled with electrons.

With a little extra energy the electrons 
can easily reach the empty energy 
levels above the filled ones and the 
conduction is possible.

The second possible energy band 
diagram shows that the conduction 
band is overlapping with the valence 
band. 

This is because the lowest levels in the 
conduction band needs less energy 
than the highest levels in the valence 
band.

The electrons in valence band overflow 
into conduction band and are free to 
move about in the crystal for 
conduction.

The highest energy level in the 
conduction band occupied by 
electrons in a crystal, at absolute 0 
temperature, is called Fermi Level .

The energy corresponding to this 
energy level is called Fermi energy .

If the electrons get enough energy 
to go beyond this level, then 
conduction takes place.
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Conduction Band

Valence Band

Forbidden Energy Gap
• •••

≈1 eV

Semiconductors:

Eg-Si = 1.1 eV EgGe= 0.74 eV

At absolute zero temperature, no 
electron has energy to jump from 
valence band to conduction band 
and hence the crystal is an insulator.

At room temperature, some valence 
electrons gain energy more than the 
energy gap and move to conduction 
band to conduct even under the 
influence of a weak electric field.

The fraction is p α e
-

Eg

kB T
Since E g is small, therefore, the fraction 
is sizeable for semiconductors.

As an electron leaves the valence band, it leaves s ome energy level in band 
as unfilled.

Such unfilled regions are termed as ‘holes’ in the valence band.  They are 
mathematically taken as positive charge carriers.  

Any movement of this region is referred to a positive hole moving from one 
position to another.

•• ••
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Insulators:

Eg-Diamond = 7 eV

Electrons, however heated, can not 
practically jump to conduction band 
from valence band due to a large 
energy gap .  Therefore, conduction is 
not possible in insulators.

Electrons and Holes:
On receiving an additional energy, one of the elect rons from a covalent band 
breaks and is free to move in the crystal lattice.

While coming out of the covalent bond, it leaves be hind a vacancy named
‘hole’.

An electron from the neighbouring atom can break awa y and can come to the 
place of the missing electron (or hole) completing the covalent bond and 
creating a hole at another place.  

The holes move randomly in a crystal lattice.

The completion of a bond may not be necessarily due  to an electron from a 
bond of a neighbouring atom.  The bond may be comple ted by a conduction 
band electron. i.e., free electron and this is refe rred to as ‘electron – hole 
recombination’.



Intrinsic or Pure Semiconductor:
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Intrinsic Semiconductor is a pure semiconductor.                
The energy gap in Si is 1.1 eV and in Ge is 0.74 eV.

Ge: 1s2, 2s2, 2p6,3s2, 3p6, 3d10, 4s2, 4p2.  (Atomic No. is 32 )

Si: 1s 2, 2s2, 2p6,3s2, 3p2.  (Atomic No. is 14 )

In intrinsic semiconductor, the number of thermally  generated electrons 
always equals the number of holes.                              
So, if n i and p i are the concentration of electrons and holes respec tively, then
n i = p i.
The quantity n i or p i is referred to as the ‘intrinsic carrier concentration’.

Doping a Semiconductor:
Doping is the process of deliberate addition of a v ery small amount of 
impurity into an intrinsic semiconductor.

The impurity atoms are called ‘dopants’.

The semiconductor containing impurity is known as ‘impure or extrinsic 
semiconductor’.

Methods of doping:

i) Heating the crystal in the presence of dopant atom s.

ii) Adding impurity atoms in the molten state of sem iconductor.

iii) Bombarding semiconductor by ions of impurity at oms.
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Extrinsic or Impure Semiconductor:
N - Type Semiconductors:
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When a semiconductor of Group IV (tetra valent) suc h as Si or Ge is doped 
with a penta valent impurity (Group V elements such a s P, As or Sb), N –
type semiconductor is formed.

When germanium (Ge) is doped with arsenic (As), the four valence 
electrons of As form covalent bonds with four Ge ato ms and the fifth 
electron of As atom is loosely bound.



The energy required to detach the fifth loosely bou nd electron is only of 
the order of 0.045 eV for germanium.

A small amount of energy provided due to thermal ag itation is sufficient to 
detach this electron and it is ready to conduct cur rent.

The force of attraction between this mobile electro n and the positively 
charged (+ 5) impurity ion is weakened by the diele ctric constant of the 
medium.

So, such electrons from impurity atoms will have en ergies slightly less 
than the energies of the electrons in the conductio n band.

Therefore, the energy state corresponding to the fi fth electron is in the 
forbidden gap and slightly below the lower level of  the conduction band.

This energy level is called ‘ donor level ’.

The impurity atom is called ‘donor ’.

N – type semiconductor is called ‘donor – type semiconductor ’.



When intrinsic semiconductor is doped with donor im purities, not only does 
the number of electrons increase, but also the numb er of holes decreases 
below that which would be available in the intrinsi c semiconductor.

The number of holes decreases because the larger nu mber of electrons 
present causes the rate of recombination of electro ns with holes to increase.  

Consequently, in an N-type semiconductor, free electrons are the majority 
charge carriers and holes are the minority charge carriers .

Carrier Concentration in N - Type Semiconductors:

If n and p represent the electron and hole concentr ations respectively in  
N-type semiconductor, then

n p = n i p i = n i
2

where n i and p i are the intrinsic carrier concentrations.

The rate of recombination of electrons and holes is  proportional to n and p.
Or, the rate of recombination is proportional to th e product np. Since the 
rate of recombination is fixed at a given temperatu re, therefore, the product 
np must be a constant.

When the concentration of electrons is increased ab ove the intrinsic value 
by the addition of donor impurities, the concentrat ion of holes falls below 
its intrinsic value, making the product np a constant, equal to n i

2.



P - Type Semiconductors:

When a semiconductor of Group IV (tetra valent) suc h as Si or Ge is doped 
with a tri valent impurity (Group III elements such as In, B or Ga), P – type 
semiconductor is formed.

When germanium (Ge) is doped with indium (In), the three valence 
electrons of In form three covalent bonds with thre e Ge atoms.  The 
vacancy that exists with the fourth covalent bond with four th Ge atom 
constitutes a hole . 
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The hole which is deliberately created may be fille d with an electron from 
neighbouring atom, creating a hole in that position from where the electron 
jumped.

Therefore, the tri valent impurity atom is called ‘acceptor ’.

Since the hole is associated with a positive charge moving from one position 
to another, therefore, this type of semiconductor i s called     
P – type semiconductor.

The acceptor impurity produces an energy level just  above the valence band.

This energy level is called ‘acceptor level ’.

The energy difference between the acceptor energy l evel and the top of the 
valence band is much smaller than the band gap.

Electrons from the valence band can, therefore, eas ily move into the acceptor 
level by being thermally agitated.

P – type semiconductor is called ‘acceptor – type semiconductor ’.

In a P – type semiconductor, holes are the majority charge carriers and the 
electrons are the minority charge carriers .

It can be shown that, n p = n i p i = n i
2



Distinction between Intrinsic and Extrinsic Semicon ductor:

In N-type, the no. of electrons is 
greater than that of the holes 
and in P-type, the no. holes is 
greater than that of the 
electrons.

The number of holes is always 
equal to the number of free 
electrons.

4

Conductivity depends on the 
amount of impurity added.

Conductivity increases with rise 
in temperature.

3

Conductivity is greatly 
increased.

Conductivity is only slight.2

Group III or Group V elements 
are introduced in Group IV 
elements.

Pure Group IV elements.1

Extrinsic SCIntrinsic SCS. No.



Distinction between Semiconductor and Metal:

Making alloy with another metal 
decreases the conductivity.

Doping the semiconductors with 
impurities vastly increases the 
conductivity.

4

Obeys Ohm’s law.Does not obey Ohm’s law or 
only partially obeys.

3

Conductivity is an intrinsic 
property of a metal and is 
independent of applied potential 
difference.

Conductivity increases with rise 
in potential difference applied.

2

Conductivity decreases with 
rise in temperature.

Semiconductor behaves like an 
insulator at 0 K. Its conductivity 
increases with rise in 
temperature.

1

MetalSemiconductorS. No.



σ =  e (neµe + nhµh)Or

Electrical Conductivity of Semiconductors:

E

IeIhI   = Ie + Ih
Ie = neeAve Ih = nheAvh

So, I  = neeAve + nheAvh

If the applied electric field is small, 
then semiconductor obeys Ohm’s law.

V

R
=  neeAve + nheAvh

=  eA (n eve + nhvh)

Or
V A

ρl
=  eA (n eve + nhvh)

since 
A

ρl
R =

E
ρ

=  e (neve + nhvh) since E =
l

V

Mobility ( µ) is defined as the drift 
velocity per unit electric field.

1
ρ

=  e (neµe + nhµh)

Note: 

1. The electron mobility is higher than the hole mob ility.

2. The resistivity / conductivity depends not only o n the 
electron and hole densities but also on their mobil ities.

3. The mobility depends relatively weakly on tempera ture.

I
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PN Junction Diode:
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When a P-type semiconductor is joined to a N-type s emiconductor such 
that the crystal structure remains continuous at th e boundary, the resulting 
arrangement is called a PN junction diode or a semiconductor diode or a 
crystal diode .

When a PN junction is formed, the      
P region has mobile holes (+) and 
immobile negatively charged ions.

N region has mobile electrons (-) and 
immobile positively charged ions.

The whole arrangement is electrically neutral.

For simplicity, the minority charge carriers are no t shown in the figure.



+

+

+

-

-

-

P N

-

-

-

-

-

-

+

+

+

+

+

+

-

-

-

-

-

-

+

+

+

+

+

+

PN Junction Diode immediately after it is formed :

After the PN junction diode is formed –

i) Holes from P region diffuse into N region due to difference in concentration.

ii) Free electrons from N region diffuse into P regi on due to the same reason.

iii) Holes and free electrons combine near the junct ion.

iv) Each recombination eliminates an electron and a hole.

v) The uncompensated negative immobile ions in the P  region do not allow any 
more free electrons to diffuse from N region.

vi) The uncompensated positive immobile ions in the N region do not allow any 
more holes to diffuse from P region.

Fr

Fr

E

V

Depletion region



vii) The positive donor ions in the N region and th e negative acceptor ions in 
the P region are left uncompensated.

viii) The region containing the uncompensated accept or and donor ions is 
called ‘ depletion region ’ because this region is devoid of mobile charges.

Since the region is having only immobile charges, t herefore, this region 
is also called ‘ space charge region ’.

ix) The N region is having higher potential than P r egion.

x) So, an electric field is set up as shown in the f igure.

xi) The difference in potential between P and N regi ons across the junction 
makes it difficult for the holes and electrons to m ove across the junction.  
This acts as a barrier and hence called ‘ potential barrier ’ or ‘ height of the 
barrier ’.

xii) The physical distance between one side and the other side of the barrier is 
called ‘ width of the barrier ’.

xiii) Potential barrier for Si is nearly 0.7 V and f or Ge is 0.3 V.

xiv) The potential barrier opposes the motion of the  majority carriers.

xv) However, a few majority carriers with high kinet ic energy manage to 
overcome the barrier and cross the junction.

xvi) Potential barrier helps the movement of minorit y carriers.



Forward Bias:

When the positive terminal of the battery is connec ted to P-region and 
negative terminal is connected to N-region, then th e PN junction diode is said 
to be forward-biased.
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i) Holes in P-region are repelled by +ve terminal of the battery and the free 
electrons are repelled by –ve terminal of the batter y.

ii) So, some holes and free electrons enter into the  depletion region.

iii) The potential barrier and the width of the depl etion region decrease.

iv) Therefore, a large number of majority carriers d iffuse across the junction.

v) Hole current and electronic current are in the sa me direction and add up.
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v) Once they cross the junction, the holes in N-regi on and the electrons in P-
region become minority carriers of charge and const itute minority 
current.

vi) For each electron – hole recombination, an electr on from the negative 
terminal of the battery enters the N-region and the n drifts towards the 
junction.

In the P-region, near the positive terminal of the battery, an electron 
breaks covalent bond in the crystal and thus a hole  is created. The hole 
drifts towards the junction and the electron enters  the positive terminal of 
the battery.

vii) Thus, the current in the external circuit is d ue to movement of electrons, 
current in P-region is due to movement of holes and  current in N-region is 
due to movement of electrons.

viii) If the applied is increased, the potential ba rrier further decreases.  As a 
result, a large number of majority carriers diffuse  through the junction 
and a larger current flows.



When the negative terminal of the battery is connec ted to P-region and 
positive terminal is connected to N-region, then th e PN junction diode is said 
to be reverse-biased.

i) Holes in P-region are attracted by -ve terminal of  the battery and the free 
electrons are attracted by +ve terminal of the batte ry.

ii) Thus, the majority carriers are pulled away from  the junction. 

iii) The potential barrier and the width of the depl etion region increase.

iv) Therefore, it becomes more difficult for  majori ty carriers diffuse across 
the junction.

Reverse Bias:
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v) But the potential barrier helps the movement of t he minority carriers.  As 
soon as the minority carriers are generated, they a re swept away by the 
potential barrier.

vi) At a given temperature, the rate of generation o f minority carriers is 
constant.

vii) So, the resulting current is constant irrespect ive of the applied voltage.  
For this reason, this current is called ‘ reverse saturation current ’.

viii) Since the number of minority carriers is small , therefore, this current is 
small and is in the order of 10 -9 A in silicon diode and 10 -6 A in germanium 
diode.

ix) The reverse – biased PN junction diode has an eff ective capacitance 
called ‘transition or depletion capacitance’.  P an d N regions act as the 
plates of the capacitor and the depletion region ac ts as a dielectric 
medium.
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Diode Characteristics:
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V
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Forward Bias:

Reverse Bias:

D

µA
+

V
+

D

Resistance of a Diode:

i) Static or DC Resistance   R d.c = V / I

ii) Dynamic or AC Resistance 

Ra.c = ∆V / ∆I

Li
ne

ar
 R

eg
io

n

Vk – Knee Voltage

VB – Breakdown Voltage

0
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PN Junction Diode as a 
Half Wave Rectifier: D

RL
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The process of 
converting 
alternating 
current into 
direct current 
is called
‘rectification ’.

The device 
used for 
rectification is 
called 
‘rectifier ’.

The PN 
junction diode 
offers low 
resistance in 
forward bias 
and high 
resistance in 
reverse bias.
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+PN Junction Diode as a 
Full Wave Rectifier:

D2

●●

A B

+

RL

●

●

●●

A B

D1

D2

RL

●

●

●●

A B

D1

D2

When the diode 
rectifies whole 
of the AC wave, 
it is called ‘ full 
wave rectifier ’.

During the 
positive half 
cycle of the 
input ac signal, 
the diode D 1 
conducts and 
current is 
through BA.

During the 
negative half 
cycle, the diode 
D2 conducts 
and current is 
through BA.
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Junction Transistor:
Transistor is a combination of two words ‘ transfer ’ and ‘ resistor ’ which 
means that transfer of resistance takes place from input to output section.

It is formed by sandwiching one type of extrinsic s emiconductor between 
other type of extrinsic semiconductor.

NPN transistor contains P-type semiconductor sandwi ched between two   
N-type semiconductors.

PNP transistor contains N-type semiconductor sandwi ched between two   
P-type semiconductors.

P NN

N PP

●●

●

●●

●

Emitter Base Collector 

Emitter

Base 

Collector 

Emitter

Base

Collector

N N

P

P P

N
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Action of NPN Transistor:

P N
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In NPN transistor, the arrow mark on the emitter is coming  away from the base 
and represents the direction of flow of current.  I t is the direction opposite to 
the flow of electrons which are the main charge car riers in N-type crystal.



The electrons in the emitter are repelled by the –v e terminal of the emitter-base 
battery.  Since the base is thin and lightly doped,  therefore, only a very small 
fraction (say, 5% ) of the incoming electrons combine with the holes.   The 
remaining electrons rush through the collector and are swept away by the +ve
terminal of the collector-base battery.

For every electron – hole recombination that takes place at the base region one 
electron is released into the emitter region by the –ve terminal of the e mitter-
base battery.  The deficiency of the electrons caus ed due to their movement 
towards the collector is also compensated by the el ectrons released from the 
emitter-base battery.

The current is carried by the electrons both in the external as well as inside the 
transistor.

Ie = Ib + Ic

The forward bias of the emitter-base circuit helps the movement of electrons 
(majority carriers) in the emitter and holes (major ity carriers) in the base 
towards the junction between the emitter and the ba se. This reduces the 
depletion region at this junction.
On the other hand, the reverse bias of the collecto r-base circuit  forbids the 
movement of the majority carriers towards the colle ctor-base junction and the 
depletion region increases.

The emitter junction is forward-biased with emitter -base battery V eb.                
The collector junction is reverse biased with colle ctor-base battery V cb.



Action of PNP Transistor:
P N
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In PNP transistor, the arrow mark on the emitter is going into the base and 
represents the direction of flow of current.  It is  in the same direction as that 
of the movement of holes  which are main charge car riers in P-type crystal. 



The holes in the emitter are repelled by the +ve ter minal of the emitter-base 
battery.  Since the base is thin and lightly doped,  therefore, only a very small 
fraction (say, 5% ) of the incoming holes combine with the electrons.   The 
remaining holes rush through the collector and are swept away by the -ve
terminal of the collector-base battery.

For every electron – hole recombination that takes place at the base region one 
electron is released into the emitter region by breaking the covalent bo nd and it 
enters the +ve terminal of the emitter-base battery.   The holes reaching the 
collector are also compensated by the electrons rel eased from the collector-
base battery.

The current is carried by the electrons in the external circuit and by the holes 
inside the transistor.

Ie = Ib + Ic

The forward bias of the emitter-base circuit helps the movement of holes 
(majority carriers) in the emitter and electrons (m ajority carriers) in the base 
towards the junction between the emitter and the ba se. This reduces the 
depletion region at this junction.

On the other hand, the reverse bias of the collecto r-base circuit  forbids the 
movement of the majority carriers towards the colle ctor-base junction and the 
depletion region increases.

The emitter junction is forward-biased with emitter -base battery V eb.                
The collector junction is reverse biased with colle ctor-base battery V cb.
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PNP Transistor Characteristics in Common Base Configuration:

Ie

Ib
Eeb

Ecb

Ic

Ie (mA)
V

cb
=0

 V

V
cb

=-
10

 V

V
cb

=-
20

 V

0

Input Characteristics Output Characteristics

Vcb (Volt)

Ic (mA)

Ie =  0 mA

Ie = 10 mA

Ie = 20 mA

0Veb (Volt)
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PNP Transistor Characteristics in Common Emitter Configuration:

Ib

Ie
Ebe

Ece

Ic

Ib (µA)

V
cb

=
0.

2 
V

V
cb

=
0.

1 
V

V
cb

=
0 

V

0

Input Characteristics Output Characteristics

Vce (Volt)

Ic (mA)

Ib = -100 µA

0Vbe (Volt)

Ib = -200 µA

Ib = -300 µA



●

NPN Transistor as Common Base Amplifier:

E

B

C
N N

PIe

Ib

Ic
●●

●

Eeb

●
Vcb

Ecb

RL

Input Signal

Output 
Amplified Signal

IcRL

Vcb = Ecb – Ic RL ……….(2)

Input section is forward biased and output section is reverse biased with 
biasing batteries Eeb and Ecb.  

The currents Ie, Ib and Ic flow in the directions shown such that

Ie = Ib + Ic ……….(1)

IcRL is the potential drop across the load resistor RL.

By Kirchhoff’s rule,

+Vcb

-Vcb



Phase Relation between the output and the input sig nal:

+ve Half cycle:

During +ve half cycle of the input sinusoidal signal , forward-bias of N-type 
emitter decreases (since emitter is negatively bias ed).

This decreases the emitter current and hence the co llector current.          
Base current is very small (in the order of µA).

In consequence, the voltage drop across the load re sistance R L decreases.

From equation (2), it follows that V cb increases above the normal value.

So, the output signal is +ve for +ve input signal.

-ve Half cycle:

During -ve half cycle of the input sinusoidal signal , forward-bias of N-type 
emitter increases (since emitter is negatively bias ed).

This increases the emitter current and hence the co llector current.          
Base current is very small (in the order of µA).

In consequence, the voltage drop across the load re sistance R L increases.

From equation (2), it follows that V cb decreases below the normal value.

So, the output signal is -ve for -ve input signal.

Vcb = Ecb – Ic RL ……….(2)

Input and output 
are in same phase.
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PNP Transistor as Common Base Amplifier:

IbEeb

●

● Vcb

Ecb

RL

●●

●

E

B

C
P P

N

Input Signal

Output 
Amplified Signal

IcRL

Vcb = Ecb – Ic RL ……….(2)

Input section is forward biased and output section is reverse biased with 
biasing batteries Eeb and Ecb.  

The currents Ie, Ib and Ic flow in the directions shown such that

Ie = Ib + Ic ……….(1)

IcRL is the potential drop across the load resistor RL.

By Kirchhoff’s rule,

Ie Ic

+Vcb

-Vcb



Phase Relation between the output and the input sig nal:
+ve Half cycle:

During +ve half cycle of the input sinusoidal signal , forward-bias of P-type 
emitter increases (since emitter is positively bias ed).         
This increases the emitter current and hence the co llector current.               
Base current is very small (in the order of µA).                                                           
In consequence, the voltage drop across the load re sistance R L increases. 
From equation (2), it follows that V cb decreases.  But, since the P-type 
collector is negatively biased, therefore, decrease  means that the collector 
becomes less negative w.r.t. base and the output in creases above the 
normal value (+ve output).                                                       
So, the output signal is +ve for +ve input signal.
-ve Half cycle:

During -ve half cycle of the input sinusoidal signal , forward-bias of P-type 
emitter decreases (since emitter is positively bias ed).         
This decreases the emitter current and hence the co llector current.         
Base current is very small (in the order of µA).                                                           
In consequence, the voltage drop across the load re sistance R L decreases. 
From equation (2), it follows that V cb increases.  But, since the P-type 
collector is negatively biased, therefore, increase  means that the collector 
becomes more negative w.r.t. base and the output de creases below the 
normal value (-ve output).                                                       
So, the output signal is -ve for -ve input signal.

Vcb = Ecb – Ic RL ……….(2)

Input and output 
are in same phase.



Gains in Common Base Amplifier:
1) Current Amplification Factor or Current Gain:

(i)  DC current gain: It is the ratio of the collector current (I c) to the    
emitter current (I e) at constant collector voltage.

(ii)  AC current gain: It is the ratio of change in collector current ( ∆Ic) to the    
change in emitter current ( ∆Ie) at constant collector voltage.

αdc = 
Ic

Ie Vcb

αac = 
∆Ic

∆Ie Vcb

2)  AC voltage gain: It is the ratio of change in output voltage (collec tor 
voltage ∆Vcb) to the change in input voltage (applied signal vo ltage ∆Vi).

AV-ac = 
∆Vcb

∆Vi

AV-ac = αac x  Resistance GainAV-ac = 
∆Ic x Ro

∆Ie x R i

oror

3)  AC power gain: It is the ratio of change in output power  to the c hange 
in input power.

AP-ac = 
∆Po

∆Pi

AP-ac = αac
2 x  Resistance Gainoror

∆Vcb x ∆Ic

∆Vi x ∆Ie
AP-ac = 



NPN Transistor as Common Emitter Amplifier:

Ie Ece

Vce RL

E

B

C

N

N
P

●
●

●

Ebe

●

●

Input Signal

Output 
Amplified Signal

IcRL

Vce = Ece – Ic RL ……….(2)

Input section is forward biased and output section is reverse biased with 
biasing batteries Ebe and Ece.  

The currents Ie, Ib and Ic flow in the directions shown such that

Ie = Ib + Ic ……….(1)

IcRL is the potential drop across the load resistor RL.

By Kirchhoff’s rule,

+Vce

-Vce

Ib

Ic
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Phase Relation between the output and the input sig nal:
+ve Half cycle:

During +ve half cycle of the input sinusoidal signal , forward-bias of base and 
emitter increases (since P-type base becomes more p ositive and N-type 
emitter becomes more -ve).

This increases the emitter current and hence the co llector current.          
Base current is very small (in the order of µA).

In consequence, the voltage drop across the load re sistance R L increases.

From equation (2), it follows that V ce decreases below the normal value.

So, the output signal is -ve for +ve input signal.
-ve Half cycle:

During -ve half cycle of the input sinusoidal signal , forward-bias of P-type 
base and N-type emitter decreases.

This decreases the emitter current and hence the co llector current.           
Base current is very small (in the order of µA).

In consequence, the voltage drop across the load re sistance R L decreases.

From equation (2), it follows that V ce increases above the normal value.

So, the output signal is +ve for -ve input signal. 

Vce = Ece – Ic RL ……….(2)

Input and output are out of 
phase by 180°.



●

PNP Transistor as Common Emitter Amplifier:

Ib

Ie

Ic

Vce

Ece

RL

E

B

C

P

P
N

●
●

●

Ebe

●

Input Signal

Output 
Amplified Signal

IcRL

Vce = Ece – Ic RL ……….(2)

Input section is forward biased and output section is reverse biased with 
biasing batteries Ebe and Ece.  

The currents Ie, Ib and Ic flow in the directions shown such that

Ie = Ib + Ic ……….(1)

IcRL is the potential drop across the load resistor RL.

By Kirchhoff’s rule,

+Vce

-Vce



Phase Relation between the output and the input sig nal:
+ve Half cycle:

During +ve half cycle of the input sinusoidal signal , forward-bias of base and 
emitter decreases (since N-type base becomes less n egative and P-type 
emitter becomes less +ve).                                                              
This decreases the emitter current and hence the co llector current.          
Base current is very small (in the order of µA).                                                  
In consequence, the voltage drop across the load re sistance R L decreases.     
From equation (2), it follows that V ce increases.  But, since P-type collector is 
negatively biased, therefore, increase means that t he collector becomes 
more negative w.r.t. base and the output goes below  the normal value.              
So, the output signal is -ve for +ve input signal.
-ve Half cycle:

During -ve half cycle of the input sinusoidal signal , forward-bias of base 
and emitter increases.                                          
This increases the emitter current and hence the co llector current.           
Base current is very small (in the order of µA).                                                     
In consequence, the voltage drop across the load re sistance R L increases. 
From equation (2), it follows that V ce decreases. But, since P-type collector 
is negatively biased, therefore, decrease means tha t the collector becomes 
less negative w.r.t. base and the output goes above  the normal value.              
So, the output signal is +ve for -ve input signal. 

Vce = Ece – Ic RL ……….(2)

Input and output are out of 
phase by 180°.



Gains in Common Emitter Amplifier:
1) Current Amplification Factor or Current Gain:

(i)  DC current gain: It is the ratio of the collector current (I c) to the base 
current (I b) at constant collector voltage.

(ii)  AC current gain: It is the ratio of change in collector current ( ∆Ic) to the    
change in base current ( ∆Ib) at constant collector voltage.

βdc = 
Ic

Ib Vce

βac = 
∆Ic

∆Ib Vce

2)  AC voltage gain: It is the ratio of change in output voltage (collec tor 
voltage ∆Vce) to the change in input voltage (applied signal vo ltage ∆Vi).

AV-ac = 
∆Vce

∆Vi

AV-ac = βac x  Resistance GainAV-ac = 
∆Ic x Ro

∆Ib x R i

oror

3)  AC power gain: It is the ratio of change in output power  to the c hange 
in input power.

AP-ac = 
∆Po

∆Pi

AP-ac = βac
2 x  Resistance Gainoror

∆Vce x ∆Ic

∆Vi x ∆Ib
AP-ac = 

AV = gm RLAlso
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4) Transconductance: It is the ratio of the small change in collector 
current ( ∆Ic) to the corresponding change in the input voltage (base 
voltage ( ∆Vb) at constant collector voltage.

gm = 
∆Ic

∆Vb Vce

or gm = 
βac

Ri

Relation between α and β:
Ie = Ib + Ic

Dividing the equation by I c, we get

= 
Ie

Ic
+ 1 

Ib

Ic

α = 
Ic

Ie
β = 

Ic

Ib
But and

= 
1

α
+ 1 

1

β
or β = 

α

1 – α
and α = 

β

1 + β



●

●

CL

●

Ece

●

L’
Transistor as an Oscillator:  
(PNP)

Ebe

Ic

E

B

C

P

P
N

●
●

●

●

●

K

L’’

Ib

Ie

Output RF Signal

An oscillator is a device which can produce undampe d electromagnetic 
oscillations of desired frequency and amplitude.                
It is a device which delivers a.c. output waveform of desired frequency from 
d.c. power even without input signal excitation.

I

I0

t
0

Saturation current

Saturation current

Tank circuit containing an inductance L and a capacitance C connected in 
parallel can oscillate the energy given to it betwe en electrostatic and magnetic 
energies.  However, the oscillations die away since  the amplitude decreases 
rapidly due to inherent electrical resistance in th e circuit.



In order to obtain undamped oscillations of constant  amplitude, transistor can 
be used to give regenerative or positive feedback f rom the output circuit to the 
input circuit so that the circuit losses can be com pensated.

When key K is closed, collector current begins to g row through the tickler 
coil L’ .  Magnetic flux linked with L’ as well as L increases as they are 
inductively coupled.  Due to change in magnetic flu x, induced emf is set up 
in such a direction that the emitter – base junction  is forward biased.  This 
increases the emitter current and hence the collect or current.  

With the increase in collector current , the magnet ic flux across L’ and L 
increases.  The process continues till the collecto r current reaches the 
saturation value. During this process the upper pla te of the capacitor C gets 
positively charged.

At this stage, induced emf in L becomes zero.  The capacitor C starts 
discharging through the inductor L.

The emitter current starts decreasing resulting in the decrease in collector 
current.  Again the magnetic flux changes in L’ and L but it induces emf in 
such a direction that it decreases the forward bias  of emitter – base junction.

As a result, emitter current further decreases and hence collector current 
also decreases.  This continues till the collector current becomes zero. At 
this stage, the magnetic flux linked with the coils  become zero and hence no 
induced emf across L.



2π

1
f =

LC

However, the decreasing current after reaching zero  value overshoots (goes 
below zero) and hence the current starts increasing  but in the opposite 
direction.  During this period, the lower plate of the capacitor C gets +vely
charged.

This process continues till the current reaches the  saturation value in the 
negative direction.  At this stage, the capacitor s tarts discharging but in the 
opposite direction (giving positive feedback) and t he current reaches zero 
value from –ve value. 

The cycle again repeats and hence the oscillations are produced.
The output is obtained across L’’.                                                               

The frequency of oscillations is given by

I
I0

Undamped Oscillations

t
0

I

I0

Damped Oscillations

t
0
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ELECTRONIC DEVICES - IV
1. Analog and Digital Signal

2. Binary Number System

3. Binary Equivalence of Decimal Numbers

4. Boolean Algebra

5. Logic Operations: OR, AND and NOT

6. Electrical Circuits for OR, AND and NOT Operations

7. Logic Gates and Truth Table

8. Fundamental Logic Gates: OR, AND and NOT (Digital Circuits)

9. NOR and NAND Gates

10.NOR Gate as a Building Block

11.NAND Gate as a Building Block

12.XOR Gate



Analogue signal

A continuous signal value which 
at any instant lies within the range 
of a maximum and a minimum 
value.

A discontinuous signal value 
which appears in steps in pre-
determined levels rather than 
having the continuous change.

Digital signal

V = V0 sin ωωωωt
1  0 1  0 1  0 1  0 1

V

t
0

(5 V)

(0 V)

Digital Circuit:
An electrical or electronic circuit which operates only in two states (binary 
mode) namely ON and OFF is called a Digital Circuit.  

In digital system, high value of voltage such as +10 V or +5 V is 
represented by ON state or 1 (state) whereas low value of voltage such as 
0 V or -5V or -10 V is represented by OFF state or 0 (state).

(5 V)

(-5 V)

V

0
t



Binary Equivalence of Decimal Numbers:

Decimal number system has base (or radix) 10 becaus e of 10 digits viz. 0, 1, 
2, 3, 4, 5, 6, 7, 8 and 9 used in the system.

Binary number system has base (or radix) 2 because of 2 digits viz. 0 and 2  
used in the system.

Binary Number System:

A number system which has only two digits i.e. 0 and 1 is known as 
binary number system or binary system.

The states ON and OFF are represented by the digits 1 and 0 respectively 
in the binary number system.

1001100001110110010101000011001000010000B

9876543210D

111111101101110010111010B

151413121110D



Boolean Algebra:

George Boole developed  an algebra called Boolean A lgebra to solve logical 
problems.  In this, 3 logical operations viz. OR, A ND and NOT are performed 
on the variables.

The two values or states represent either ‘TRUE’ or ‘FALSE’; ‘ON’ or ‘OFF’; 
‘HIGH’ or ‘LOW’; ‘CLOSED’ or ‘OPEN’; 1 or 0 respectiv ely. 

OR Operation:

OR operation is represented by ‘+’.
Its boolean expression is  Y = A + B
It is read as “Y equals A OR B”.
It means that “if A is true OR B is true, then Y wi ll be true”.

A

B

E

● ●

● ●

ONONON

ONOFFON

ONONOFF

OFFOFFOFF

Bulb YSwitch BSwitch A

Y

Truth Table
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A B

ONONON

OFFOFFON

OFFONOFF

OFFOFFOFF

Bulb YSwitch BSwitch A

Y

Truth Table

AND Operation:

AND operation is represented by ‘.’
Its boolean expression is  Y = A . B
It is read as “Y equals A AND B”.
It means that “if both A and B are true, then  Y wi ll be true”.

E

● ● ● ●

NOT Operation:

NOT operation is represented by ′ or ¯ . Its boolean expression is  Y = A ′ or Ā
It is read as “Y equals NOT A”. It means that “if A is true, then Y will be false”.

A

Y
E

● ●
●

Truth Table

OFFON

ONOFF

Bulb YSwitch A



Logic Gates:

The digital circuit that can be analysed with 
the help of Boolean Algebra is called logic 
gate or logic circuit.

A logic gate can have two or more inputs 
but only one output.

There are 3 fundamental logic gates namely 
OR gate, AND gate and NOT gate.

Truth Table:

The operation of a logic gate or circuit can 
be represented in a table which contains all 
possible inputs and their corresponding 
outputs is called a truth table.

If there are n inputs in any logic gate, then 
there will be n2 possible input 
combinations.

0 and 1 inputs are taken in the order of 
ascending binary numbers for easy 
understanding and analysis.  1111

0111

1011

0011

1101

0101

1001

0001

1110

0110

1010

0010

1100

0100

1000

0000

DCBA

Eg. for 4 input gate



Digital OR Gate:

D1

D2 RL

A

B

●

●

●●

Y

●

5 V
+

E

●

5 V
+

E
E

●

E

111

101

110

000

Y = A + BBA

Truth Table

●

●
●

A
B

Y

The positive voltage (+5 V) 
corresponds to high input  
i.e. 1 (state).
The negative terminal of the 
battery is grounded and 
corresponds to low input    
i.e. 0 (state).

Case 1: Both A and B are  
given 0 input and the diodes do 
not conduct current. Hence no 
output is across R L.  i.e. Y = 0

Case 2:  A is given 0 and B is given 1.  Diode D 1 does 
not conduct current (cut-off) but D 2 conducts.  Hence  
output (5 V) is available across R L. i.e. Y = 1

Case 3: A is given 1 and B is given 0.  Diode D 1
conducts current but D 2 does not conduct.  Hence  
output (5 V) is available across R L. i.e. Y = 1

Case 4: A and B are given 1.  Both the diodes 
conduct current.  However output (only 5 V) is 
available across R L. i.e. Y = 1



Digital AND Gate:

RL

A

B

D1

●

D2

●

●●

Y

●

5 V
+

E 5 V
+

E

●

E

●

5 V
+

E

111

001

010

000

Y = A . BBA

Truth Table

●

●
●

A
B

Y

Case 1: Both A and B are given 0 
input and the diodes conduct 
current (Forward biased).  Since  
the current is drained to the earth, 
hence, no output across R L.         
i.e.   Y = 0
Case 2:  A is given 0 and B is 
given 1.  Diode D 1 being forward 
biased conducts current but D 2

does not conduct.   However, the 
current from the output battery is 
drained through D 1. So,  Y = 0

Case 3: A is given 1 and B is given 0.  Diode D 1 does 
not conduct current but D 2  being forward biased
conducts . However, the current from the output 
battery is drained through D 2. Hence, no output is 
available across R L.  i.e.  Y = 0

Case 4: A and B are given 1.  Both the diodes do not 
conduct current.  The current from the output batte ry 
is available across R L and output circuit.  Hence, 
there is voltage drop (5 V) across R L.  i.e. Y = 1
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●

Rb

●

E

Digital NOT Gate:

●

5 V
+

E

●

Y

E

RL
●

●

●

E

B

C

N

N
P

A
●

5 V
+

E

Truth Table

01

10

Y=A′A

● ●A
Y

NPN transistor is connected to biasing 
batteries through Base resistor (R b) 
and Collector resistor (R L).  Emitter is 
directly earthed.  Input is given  
through the base and the output is 
tapped across the collector.

Case 1: A is given 0 input.  In the 
absence of forward bias to the P-type 
base and N-type emitter, the transistor 
is in cut-off mode (does not conduct 
current).  Hence, the current from the 
collector battery is available across the 
output unit.  Therefore, voltage drop of 
5 V is available across Y. i.e. Y= 1

Case 2: A is given 1 input by connecting the +ve terminal of  the 
input battery.  P-type base being forward biased ma kes the 
transistor in conduction mode.  The current supplie d by the 
collector battery is drained through the transistor  to the earth.  
Therefore, no output is available across Y. i.e. Y = 0



NOR Gate:

●

E

RL

●

●

Y

5 V
+

E

E

●

●
●

●

E

B

C

N

N
P

RbD1

RLD2

A

B

●

●

●●

E

●

5 V
●

+

+

E

E

5 V
Truth Table

0111

0101

0110

1000

Y = (A + B) ′A + B BA

●

●
● ●

A

B
A + B Y = (A + B) ′

●
●

●

A

B

Y = (A + B) ′
Symbol:

Circuit:



●

E

RL

●

●

Y

5 V
+

E

E

●
●

●

E

B

C

N

N
P

RbD1

D2 RL

A

B

●

●

●●

●

5 V
+

E

5 V
+

E

●

5 V
+

E

NAND Gate:

Truth Table

0111

1001

1010

1000

Y = (A . B) ′A . B BA

●

●

●

A

B
● ●

A . B Y = (A . B) ′

●

●

●

A

B
Y = (A . B) ′

Symbol:

Circuit:



NOR Gate as a Building Block:

OR Gate:

AND Gate:

NOT Gate:

●
●

●

A

B (A + B) ′
●

Y = A + B
●

●●
A′

A

●●

B′
B

Y = A . B
●

●

●

A′

B′

●●

Y = A′
A

1011

1001

1010

0100

A + B(A + B) ′BA

100011

011001

010110

011100

(A′+B′)′A′+B′B′A′BA

01

10

A′A



NAND Gate as a Building Block:

●A ●

A′

●B ●

B′

Y = A + B
●

●

●

A′

B′

OR Gate:

AND Gate:

● ●

Y = A . B
●

●

●

A

B
(A . B) ′

NOT Gate:

● ●

Y = A′
A

1011

0101

0110

0100

A . B(A . B) ′BA

100011

101001

100110

011100

(A′ . B′)′A′.B′B′A′BA

01

10

A′A
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XOR Gate:

●

●

●

●
●

●A
A′

B ●

B′

A

B

A′B

AB ′

1

1

0

0

A

1

0

1

0

B

0

0

1

1

A′

0

1

0

1

B′

000

110

101

000

Y = A′B + AB ′

= A      B
AB ′A′B

●

●
●

A
B

Y = A      B

Y = A′B + AB ′

= A     B



ATOMS & NUCLEI
1. Rutherford’s Alpha Scattering Experiment

2. Distance of Closest Approach (Nuclear Size)

3. Impact Parameter

4. Composition of Nucleus

5. Atomic Number, Mass Number and Atomic Mass Unit

6. Radius of the Nucleus and Nuclear Density

7. Mass Energy Relation and Mass Defect 

8. Binding Energy and Binding Energy per Nucleon
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Rutherford’s Alpha Scattering Experiment
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Alpha – particle is a nucleus of helium atom carryin g a charge of ‘+2e’ and 
mass equal to 4 times that of hydrogen atom.  It tr avels with a speed nearly 
104 m/s and is highly penetrating.

2.1 x 10-7 m10-6 mThickness of 
Gold foil

1.6 x 107 m/s104 m/sSpeed of           
α-particle

Bismuth

83Bi 214

Radon

86Rn222

Source of          
α-particle

Geiger & 
Marsden
Experiment

Rutherford 
Experiment



α-particles which travel towards the 
nucleus directly get retarded due to 
Coulomb’s force of repulsion and 
ultimately comes to rest and then 
fly off in the opposite direction.

A few α-particles (1 in 9000) 
were deflected through large 
angles (even greater than 90°).

Some of them even retraced 
their path. i.e. angle of 
deflection was 180°.

3

α-particles being +vely charged and 
heavy compared to electron could 
only be deflected by heavy and 
positive region in an atom.  It 
indicates that the positive charges 
and the most of the mass of the 
atom are concentrated at the centre 
called ‘nucleus’.

Some of the α-particles were 
scattered by only small angles, 
of the order of a few degrees.

2

It indicates that most of the space 
in an atom is empty.

Most of the α-particles passed 
straight through the gold foil.

1

ConclusionObservationS. No.

N(θ) α
1

sin 4(θ/2)



Distance of Closest Approach (Nuclear size):

+r0

When the distance between α-particle 
and the nucleus is equal to the distance 
of the closest approach (r 0), the α-particle 
comes to rest.

At this point or distance, the kinetic 
energy of α-particle is completely 
converted into electric potential energy 
of the system.

½ mu 2 =
1

4πε0

2 Ze2

r0

r0 =
1

4πε0

2 Ze2

½ mu 2
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Impact Parameter (b):

+r0

The perpendicular distance of the 
velocity vector of the α-particle from 
the centre of the nucleus when it is 
far away from the nucleus is known 
as impact parameter.

θ

b

u

b =
4πε0

Ze2

(½ mu 2) 

cot ( θ/2)

i)  For large value of b, cot θ/2 is large and θ, the scattering angle is small.

i.e. α-particles travelling far away from the nucleus suff er small deflections.

ii) For small value of b, cot θ/2 is also small and θ, the scattering angle is large.
i.e. α-particles travelling close to the nucleus suffer la rge deflections.

iii) For b = 0 i.e. α-particles directed towards the centre of the nucle us,           

cot θ/2 = 0      or    θ/2 = 90° or    θ = 180°

The α-particles retrace their path.



Composition of Nucleus:
Every atomic nucleus except that of Hydrogen has tw o types of particles –
protons and neutrons.  (Nucleus of Hydrogen contain s only one proton)

Proton is a fundamental particle with positive char ge 1.6 x 10 -19 C and   
mass 1.67 x 10 -27 kg (1836 times heavier than an electron ).

Neutron is also a fundamental particle with no char ge and       
mass 1.675 x 10-27 kg (1840 times heavier than an electron ).

Atomic Number (Z):
The number of protons in a nucleus of an atom is ca lled atomic number.

Atomic Mass Number (A):
The sum of number of protons and number of neutrons  in a nucleus of an 
atom is called atomic mass number.

A = Z + N

Atomic Mass Unit (amu):
Atomic Mass Unit (amu) is (1 / 12)th of mass of 1 a tom of carbon.

1 amu = 
1

12

12
x

6.023 x 1023
g =  1.66 x 10-27 kg



Size of Nucleus:
Nucleus does not have a sharp or well-defined bound ary.

However, the radius of nucleus can be given by

R = R0 A⅓ where R 0 = 1.2 x 10-5 m is a constant which is the 
same for all nuclei and                                         
A is the mass number of the nucleus.

Radius of nucleus ranges from 1 fm to 10 fm.

Nuclear Volume,  V = (4/3) π R3 = (4/3) π R0
3 A

V α A

Nucleus Density:

Mass of nucleus,    M  = A  amu =  A x 1.66 x 10 -27 kg

Nuclear Volume,      V = (4/3) π R3 = (4/3) π R0
3 A 

4

3

22

7
x= x (1.2 x 10 -15)3 A  m3

= 7.24 x 10-45 A  m3

Nucleus Density, ρ = M / V =  2.29 x 1017 kg / m 3



Discussion:

1. The nuclear density does not depend upon mass num ber.  So, all 
the    nuclei possess nearly the same density.

2. The nuclear density has extremely large value.  S uch high 
densities are found in white dwarf stars which cont ain mainly 
nuclear matter.

3. The nuclear density is not uniform throughout the  nucleus.  It has 
maximum value at the centre and decreases gradually  as we move 
away from the centre of the nucleus.

4. The nuclear radius is the distance from the centr e of the nucleus 
at which the density of nuclear matter decreases to  one-half of its 
maximum value at the centre.



Mass – Energy Relation:

According to Newton’s second law of motion, force a cting on a body is 
defined as the rate of change of momentum.

d

dt
F = (mv)

dv

dt
= m

dm

dt
+ v

If this force F displaces the body by a distance dx , its energy increases by

dv

dt
= mdK = F.dx dx

dm

dt
+ v dx

dx

dt
= mdK dv

dx

dt
+ v dm

= m v dv + v 2 dm            ………… (1)dK

According to Einstein’s relation of relativistic ma ss,

m =
m0

[1 – (v2 / c2)]½
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Squaring and manipulating, m2c2 – m2v2 = m0
2c2

Differentiating   (with m 0 and c as constants)

c2 2m dm – m 2  2v dv – v 2 2m dm = 0

c2 dm – mv dv – v 2 dm = 0

c2 dm = mv dv + v 2 dm             ……………..(2)

From (1) and (2), dK = dm c 2

If particle is accelerated from rest to a velocity v, let its mass m 0 increases to m.
Integrating,

Total increase in K.E. = 
0

K

dK = c2 dm  
m0

m

K = (m – m 0) c2 or K + m0 c2  = m c2

Here m0c2 is the energy associated with the rest mass of the body and K is the 
kinetic energy.

Thus, the total energy of the body is given by

or

E = m c 2

This is Einstein’s mass - energy equivalence relatio n.



Mass Defect:
It is the difference between the rest mass of the n ucleus and the sum of the 
masses of the nucleons composing a nucleus is known  as mass defect.

∆m = [ Zm p + (A – Z) mn ] - M

Mass defect per nucleon is called packing fraction .

Binding Energy:
It is the energy required to break up a nucleus int o its constituent parts and 
place them at an infinite distance from one another .

B.E = ∆m c 2

Nuclear Forces:
They are the forces between p – p, p – n or n – n in t he nucleus.  They can be 
explained by Meson Theory.

There are three kinds of mesons – positive ( π+), negative ( π-) and neutral ( π0).

π+ and  π- are 273 times heavier than an electron.
π0 is 264 times heavier than an electron .

Nucleons (protons and neutrons) are surrounded by m esons.



Main points of Meson Theory:

1. There is a continuous exchange of a meson between  one nucleon and 
other.  This gives rise to an exchange force betwee n them and keep 
them bound.

2. Within the nucleus, a neutron is never permanentl y a neutron and a 
proton is never permanently a proton.  They keep on  changing into each 
other due to exchange of π-mesons .

3. The n – n forces arise due to exchange of π0 – mesons between the 
neutrons.

n          → n + π0 (emission of π0)

n + π0 → n                   (absorption of π0)

4.  The p – p forces arise due to exchange of π0 – mesons between the 
protons.

p          → p + π0 (emission of π0)

p + π0 → p                   (absorption of π0)



5.  The n – p forces arise due to exchange of π+ and π- mesons between the 
nucleons.

n          → p + π- (emission of π-)

n + π+ → p                   (absorption of π+)

p          → n + π+ (emission of π+)

p + π- → n                   (absorption of π-)

6.  The time involved in such an exchange is so sma ll that the free meson 
particles cannot be detected as such.

Binding Energy per Nucleon:

It is the binding energy divided by total number of  nucleons. 

It is denoted by B

B = B.E / Nucleon = ∆m c2 / A
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1.  Binding energy per nucleon of very light nuclid es such as 1H2 is very small.
2.  Initially, there is a rapid rise in the value o f binding energy per nucleon.

3. Between mass numbers 4 and 20, the curve shows cy clic recurrence of 
peaks corresponding to 2He4, 4Be8, 6C12, 8O16 and 10Ne20.  This shows that the 
B.E. per nucleon of these nuclides is greater than those of their immediate 
neighbours.  Each of these nuclei can be formed by adding an alpha particle 
to the preceding nucleus.

4. After A = 20, there is a gradual increase in B.E.  per nucleon.  The maximum 
value of 8.8 MeV is reached at A = 56.  Therefore, I ron nucleus is the most 
stable.

5. Binding energy per nucleon of  nuclides having ma ss numbers ranging from 
40 to 120 are close to the maximum value.  So, thes e elements are highly 
stable and non-radioactive.

6.  Beyond A = 120, the value decreases and falls t o 7.6 MeV for Uranium.

7. Beyond A = 128, the value shows a rapid decrease.   This makes elements 
beyond Uranium  (trans – uranium elements) quite uns table and radioactive.

8. The drooping of the curve at high mass number ind icates that the nucleons 
are more tightly bound and they can undergo fission  to become stable.

9.  The drooping of the curve at low  mass numbers indicates that the nucleons 
can undergo fusion to become stable. 

Special Features of Binding Energy Curve



Radioactivity:

Lead 
Box

Radioactive   
substance

α

β

γ
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Radioactivity is the phenomenon of emitting 
alpha, beta and gamma radiations 
spontaneously.

Soddy’s Displacement Law:

1.        ZYA 
Z-2YA-4

α

2.        ZYA 
Z+1YA

β

3.        ZYA 
ZYA (Lower energy)

γ

Rutherford and Soddy’s Laws of Radioactive Decay:
1. The disintegration of radioactive material is pur ely a random process and 

it is merely a matter of chance. Which nucleus will  suffer disintegration, or 
decay first can not be told.

2. The rate of decay is completely independent of th e physical composition 
and chemical condition of the material.

3. The rate of decay is directly proportional to the  quantity of material 
actually present at that instant.  As the decay goe s on, the original material 
goes on decreasing and the rate of decay consequent ly goes on 
decreasing.  



If  N is the number of radioactive atoms present at  any instant, then the rate of 
decay is,

dt

dN
- α N or

dN

dt
- = λ N

where λ is the decay constant or the disintegration constan t.

Rearranging,

N

dN
= - λ dt

Integrating, log e N = - λ t + C where C is the integration constant.

If at t = 0, we had N0 atoms, then

log e N0 = 0 + C

log e N - log e N0 = - λ t

or log e (N / N0) = - λ t

or
N

= e- λt
N0

or N =  N0 e- λ t N
o.

 o
f a

to
m

s 
(N

) N0

N0/2

N0/4
N0/8
N0/16

Time in half lives
0    T   2T   3T   4T



Radioactive Disintegration Constant ( λ):

According to the laws of radioactive decay,

N

dN
= - λ dt

If dt = 1 second, then

N

dN
= - λ

Thus, λ may be defined as the relative number of atoms deca ying per second.

Again, since N =  N0 e- λ t

And if, t = 1 / λ,  then N =  N0 / e 

or
N0

N
=

e

1

Thus, λ may also be defined as the reciprocal of the time w hen N / N0 falls to 1 / e.



Half – Life Period:

Half life period is the time required for the disin tegration of half of the amount 
of the radioactive substance originally present.

If  T is the half – life period, then

N0

N
=

2

1
= e - λ T

e λ T = 2

(since    N = N 0 / 2)

λ T = log e 2 = 0.6931

T =
λ

0.6931

T 
λ = 

0.6931
or

Time t in which material changes from N 0 to N:

t = 3.323 T log 10 (N0 / N)

Number of Atoms left behind after n Half – Lives:

N = N0 (1 / 2)t/TN = N0 (1 / 2)n or
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Units of Radioactivity:

1. The curie (Ci):  The activity of a radioactive su bstance is said to be one 
curie if it undergoes 3.7 x 10 10 disintegrations per second.

1 curie = 3.7 x 10 10 disintegrations / second

2. The rutherford (Rd): The activity of a radioactive  substance is said to be 
one rutherford if it undergoes 10 6 disintegrations per second.

1 rutherford = 10 6 disintegrations / second

3. The becquerel (Bq):  The activity of a radioactive  substance is said to be 
one becquerel if it undergoes 1 disintegration per s econd.

1 becquerel = 1 disintegration / second

1 curie = 3.7 x 10 4 rutherford = 3.7 x 10 10 becquerel

Nuclear Fission:
Nuclear fission is defined as a type of nuclear dis integration in which a heavy 
nucleus splits up into two nuclei of comparable siz e accompanied by a 
release of a large amount of energy.

0n1 + 92U235 → (92U236) → 56Ba141 + 36Kr92 +30n1 + γ (200 MeV)



Chain Reaction:

n = 1

N = 1

n = 2

N = 9

n = 3

N = 27

Neutron (thermal) 0n1

Uranium   92U235

Barium      56Ba141

Krypton     36Kr92

n = No. of fission stages

N = No. of Neutrons

N = 3n



Chain Reaction:

n = 1

N = 1

n = 2

N = 9

n = 3

N = 27

Critical Size:

For chain reaction to occur, the 
size of the fissionable material 
must be above the size called 
‘critical size’.

A released neutron must travel 
minimum through 10 cm so that it 
is properly slowed down (thermal 
neutron) to cause further fission.

If the size of the material is less 
than the critical size, then all the 
neutrons are lost.

If the size is equal to the critical 
size, then the no. of neutrons 
produced is equal to the no. of 
neutrons lost.

If the size is greater than the 
critical size, then the reproduction 
ratio of neutrons is greater than 1 
and chain reaction can occur.



Nuclear Fusion:
Nuclear fusion is defined as a type of nuclear reac tion in which two lighter 
nuclei merge into one another to form a heavier nuc leus accompanied by a 
release of a large amount of energy.
Energy Source of Sun:
Proton – Proton Cycle:

1H1 +   1H1 → 1H2 +   1e0 +  0.4 MeV

1H1 +   1H2 → 2He3 +  5.5 MeV

2He3 +   2He3 → 2He4 +  2 1H1  +  12.9 MeV

Carbon - Nitrogen Cycle:

6C12 +   1H1 → 7N13 + γ (energy)

7N13 → 6C13 +  1e0 (positron)

Energy Source of Star:

6C13 +   1H1 → 7N14 + γ (energy)

7N14 +   1H1 → 8O15 + γ (energy)

8O15 → 7N15 +  1e0 (positron)

7N15 +   1H1 → 6C12 +  2He4 +  γ (energy)

End of Atomic Nucleus
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COMMUNICATION SYSTEMS

1. BASICS OF COMMUNICATION

2. AMPLITUDE MODULATION



BASICS OF COMMUNICATION
1. Communication:  Processing, sending and receiving of information

2. Information:  Intelligence, signal, data or any measurable physic al quantity

3. Basic Communication System:

Source of 
information

Transmitter

Link

ReceiverDestination

i) Speech           
ii) Pictures                     
iii) Words                  
iv) Codes                     
v) Symbols                 
vi) Commands 
vii) Data

i) Oscillators  ii) Amplifiers     
iii) Filters  iv) Antenna

i) Wire Links                
ii) Wireless                 
iii) Optic Fibres

i) Radio  ii) TV  iii) Computer  iv) Telephone                  
v) Teleprinter vi) Telegraph vii) Fax viii) Internet   



Forms of Communication: Types of communication:

1. Radio Broadcast

2.    Television Broadcast

3.    Telephony

4.    Telegraphy

5. Radar

6. Sonar

7. Fax (Facsimile Telegraphy)

8. E-mail

9. Teleprinting

10. Telemetering

11. Mobile Phones

12. Internet

1. Cable 
communication

2. Ground wave 
communication

3. Sky wave 
communication

4. Satellite 
communication

5. Optic fibre
communication



Analogue signal

A continuous signal value 
which at any instant lies within 
the range of a maximum and a 
minimum value.

A discontinuous signal value 
which appears in steps in pre-
determined levels rather than 
having the continuous change.

Digital signal

0 t

V
1 0 1  0 1 0 1 0 1

T/4    T/2    3T/4    T    5T/4  3T/2   7T/4  2T
t

0
π 2π 3π 4ππ/2 3π/2 5π/2 7π/2 θ = ωt

E ,I
E0
I0

E = E0 sin ωt
I  = I0 sin ωt



MODULATION:

Types of Modulation :

1. Amplitude Modulation

2. Frequency Modulation

3. Pulse Modulation

4. Phase Modulation

Modulation is the process of variation of some charact eristic 
of a high frequency wave (carrier wave) in accordance with the 
instantaneous value of a modulating signal.

Modulator

A.F. 
Signal Amp. 

Modulated 
Signal

H.F. Signal 
Oscillator
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AMPLITUDE MODULATION (AM):

e m= Em sin ωωωωmt

ec = Ec sin ωωωωct

e = (Ec + Em sin ωωωωmt) sin ωωωωct

Modulation Index (m a)= kaEm/Ec

If k a=1,    then   m a= Em/Ec

e = Ec sin ωωωωct + (m aEc/2) cos ( ωωωωc - ωωωωm)t - (m aEc/2) cos ( ωωωωc + ωωωωm)t

(Courtesy: Internet)



1. The Amplitude Modulated wave is the summation of three 
sinusoidal waves with the frequencies ννννc, ννννc-ννννm and ννννc+ννννm
namely Original frequency, Lower Side Band frequency and 
Upper Side Band frequency respectively.

2. The Bandwidth required for AM, BW = 2 ννννm

3. The amplitude E c of the unmodulated carrier wave is made 
proportional to the instantaneous voltage (e m= Em sin ωωωωmt)
of the modulating wave.

Voltage 
Amplitude

ννννc-ννννm Frequency

Inferences from equation for e:

ννννc ννννc+ννννm
(Courtesy: Internet)



Significance of Modulation Index:  

maEc= kaEm
Emin

Emaxe

0

Emax = Ec + maEc

Emin = Ec - maEc

Emax - Emin

Emax + Emin

ma = 

Generally,

0 < ma < 1

AF signal

ma = 0  (No modulation)

ma = 0.5 or 50% 

On manipulating, we get

ma = 1 or 100%

ma > 1 or 100%

Ec



Power Relation in the AM wave:

If the modulated wave is applied to a resistor of r esistance R 
(say antenna circuit), then the r.m.s. power dissip ated in the 
form of heat is,

Pr.m.s = (1/R)[{[{[{[{Ec /2√√√√2}}}}2 + {{{{maEc /2√√√√2}}}}2 + {{{{maEc /2√√√√2}}}}2]]]]

Prms = (Ec
2 /2R) [[[[1 + (ma

2 /2)]]]] = Pc[[[[1 + (ma
2 /2)]]]]

(where P c is power dissipated by unmodulated carrier     
wave)

If ma = 1, then P rms →→→→ Pmax and Pmax = 3 Pc /2

Similarly, Power carried by both side bands PSB = Prms / 3
which is wasted.



1.  AM is an easier method of transmitting and receivi ng speech 
signals.

2. It requires simple and inexpensive receivers.

3. It is a fairly efficient system of modulation.

Drawbacks:

1. AM is more likely to suffer from noise.

2. Appreciable energy is contained by three components of AM 
wave.  Sufficient energy can be saved by suppressing carrier 
wave and one of the side bands.  This process makes the 
equipment complex.

3.  Cost of such transmitters and receivers becomes prac tically 
more.

Advantages:
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Space Communication

This Chapter includes: 

1. Space Communication

2. Power Density, Attenuation

3. Range of Electromagnetic Waves

4. Ground Wave Propagation

5. Sky Wave Propagation

6. Space Wave Propagation

7. TV Transmission and Height of TV Antenna

8. Satellite Communication

9. Remote Sensing Satellites



Space Communication:
Space Communication means free space communication. 

A free space does not have solid particles or ionis ed particles and it has no 
gravitational or other fields of its own.  When the  frequency of transmitted 
wave is very high the actual space is considered ne arly  a free space.

Power Density:
Power density is radiated power per unit area and i s inversely proportional 
to the square of distance from the source.  

Antenna:
Antenna is a device which acts as an emitter of ele ctromagnetic waves and 
it also acts as a first receiver of energy.

Attenuation:
Attenuation is the loss of power of radiation due t o absorption of energy in 
space and power density goes on decreasing as the e lectromagnetic waves 
go away from their source.  

It is proportional to the square of the distance tr avelled and is generally 
measured in decibel (dB).



30 kHz to 300 kHzLFLow Frequency2

300 kHz to 3 MHzMF or 
MW

Medium Frequency or 
Medium Wave

3

3 MHz to 30 MHzHF or 
SW

High Frequency  or Short 
Wave

4

30 MHz to 300 MHzVHFVery High Frequency5

300 MHz to 3,000 MHzUHFUltra High Frequency6

3,000 MHz to 30,000 
MHz (3 GHz to 30 GHz)

SHFSuper High Frequency or 
Micro Waves

7

30 GHz to 300 GHzEHFExtremely High Frequency8

3 kHz to 30 kHzVLFVery Low Frequency1

Frequency RangeShort 
Form

Name of the frequency 
range (Band)

S. 
No.

Range of Electromagnetic Waves:



Depending on the frequency, radio waves and micro w aves travel in space in 
different ways depending on the behaviour of these w aves w.r.t. the earth 
and the atmosphere.  They are:

1. Ground wave propagation

2. Sky (or ionospheric) wave propagation

3. Space (or tropospheric) wave propagation

1. Ground wave propagation: (AM Radio waves)

In ground wave propagation, the radio waves (AM)  t ravel along the surface 
of the earth. These waves are called ground waves o r surface waves.

In fact, these waves are not confined to surface of  the earth but are guided 
along the earth’s surface and they follow the curva ture of the earth.

The energy of the radio waves decreases as they tra vel over the surface of 
the earth due to the conductivity and permittivity of the earth’s surface.

Attenuation increases with the increase in frequenc y.

Therefore, the ground waves are limited to frequency of 1.5 MHz (1500 kHZ) 
or wavelength of 200 m .

Propagation of Electromagnetic Waves:
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Earth

Ground waves progress along the surface of the eart h and must be vertically 
polarised to prevent from short-circuiting the elect ric component.

A wave induces currents in the earth over which it passes and thus loses 
some energy by absorption.  This is made up by ener gy diffracted downward 
from the upper portions of the wavefront.

Another way of attenuation is due 
to diffraction and gradual tilting 
of the wavefront.  
The increasing tilt of the 
wavefront causes greater short-
circuiting of electric field 
components of the wave.  
Eventually, at some distance 
from the antenna, the wave “lies 
down and dies”.
The maximum range of a 
transmitter depends on its 
frequency as well as its power.
In MF band, the range can not be 
increased only by increasing its 
power because propagation is 
definitely limited by its tilt.

Direction of 
propagation of wave

T

Successive 
Wavefronts

θ

θ – Angle of 
diffraction

N



2.  Sky wave propagation or Ionospheric wave propagation :       
(AM Radio waves)

Sky waves are the AM radio waves which are received  after being reflected 
from ionosphere.  The propagation of radio wave sig nals from one point to 
another via reflection from ionosphere is known as sky wave propagation.

The sky wave propagation is a consequence of the to tal internal reflection of 
radiowaves.  Higher we go in the ionosphere, free e lectron density increases 
and refractive index decreases. 

The UV and high energy radiations from the Sun are absorbed by the air 
molecules and they get ionised to form the ionised la yer or electrons and 
ions.  Ionosphere extends from 80 km to 300 km in t he atmosphere above 
the earth’s surface.

The oscillating electric field of electromagnetic w ave (frequency ω) does not 
affect the velocity of the ions (negligible change because the em wave field 
is weak) in the ionosphere but changes the velocity  of the electrons.

This changes the effective dielectric constant ε’ and hence the refractive 
index n’ as compared to the free space values ε0 and n 0.

ε’ and n’ are related to ε0 and n 0 as

n’ = √(ε’n0) n’ = n 0 [1 – (Ne2 / ε0mω2)]½

where e is the electronic charge, m is the mass of the electron and N is 
the electron density in the ionosphere.

or



It is clear that the refractive index of ionosphere  n’ is less than its free space 
value n 0.  So, it acts as rarer medium.  Therefore, for the  angle of incidence 
above the critical angle, the electromagnetic waves  undergo total internal 
reflection and reach the earth back.

Since n’ depends on ω and N, the waves of different frequencies will be 
reflected back from the different depths of ionosph ere depending on 
electron density N in that region.

If the frequency ω is too high, then the electron density N may never be so 
high as to  produce total internal reflection.  Thi s frequency is called   
‘critical frequency ’ (f c).  If the maximum electron density of the ionosphe re is 
Nmax per m 3, then the critical frequency is given by:

fc ≈ 9(Nmax)½

The critical frequency ranges approximately from 5 to 10 MHz.
The frequencies higher than this cross the ionosphe re and do not return 
back to the earth.

The sky wave propagation is limited to the range of  2 MHz to 30 MHz.  This 
region is called ‘ short wave band ’.

The communication in AM band below 200 m wavelength is via the          
sky wave only.



Ionospheric Layer

Lower Rays

Upper Ray

Actual Height
Virtual Height

T Ground SurfaceSkip Distance
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Important Terms used in Sky wave propagation:
Critical Frequency (f c):

It is the highest frequency for a given ionospheric layer that can be returned  
down to the earth by that layer after having been b eamed straight up at it.

fc ≈ 9(Nmax)½

Maximum Usable Frequency (MUF):

It is the limiting frequency but for some specific angle of  incidence other than 
the normal.

MUF =
cos θ

Critical Frequency
= fc sec θ

This is called ‘secant law’ and is very useful in ma king preliminary 
calculations for a specific MUF.  Strictly speaking , it applies only to the flat 
earth and the flat reflecting layer.

Skip Distance:

It is the shortest distance from a transmitter, mea sured along the surface of 
the earth, at which a sky wave of fixed frequency ( more than f c) will be 
returned to earth, but nevertheless a definite mini mum also exists for any 
fixed transmitting frequency.



At the skip distance, only the normal or lower ray can reach the destination, 
whereas at greater distances, the upper ray can be received as well, causing 
interference.  This is a reason why frequencies not  much below the MUF are 
used for transmission.  

Another reason is the lack of directionality of hig h-frequency antennas.

If the frequency used is low enough, it is possible  to receive lower rays by 
two different paths after either one or two hops.  But this will result in 
interference again.

Transmitter ReceiverMaximum Single Hop Distance  

Ionospheric Layer

Repeater



3.  Space wave propagation or Tropospheric wave propagati on: 
(AM Radio waves)

Space waves travel in (more or less) straight lines .  But they depend on line-
of-sight conditions.  So, they are limited in their  propagation by the curvature 
of the earth.

They propagate very much like electromagnetic waves  in free space.

This mode is forced on the waves because their wave lengths are too short for 
reflection from the ionosphere, and because the gro und wave disappears very 
close to the transmitter, owing to tilt.

Radio Horizon:

The radio horizon for space waves is about four-thi rds as far as the optical 
horizon.  This beneficial effect is caused by the v arying density of the 
atmosphere, and because of diffraction around the c urvature of the earth.  

It is given with good approximation, by the empiric al formula

d t =4 √h t

where d t = distance (in km) from the transmitting antenna,

h t = height (in m) of transmitting antenna above the g round

The same formula applies to the receiving antenna.



= 4 √h t + 4 √hrd = d t + dr T R
hr

h t d t dr
If the transmitting and receiving 
antennas are 225 m and 16 m above 
the ground, then the distance 
between them can be 76 km            
(= 60 + 16).

Commercially, links more than 100 
km are hardly used.

Earth

Frequency Modulated Communication (TV Signals):
The TV signals are frequency – modulated.  They empl oy frequency greater 
than 80 MHz.  

They can not be propagated by ground wave because t he signals get 
absorbed by ground due to their high frequency.

The propagation by sky wave is also not possible be cause the ionosphere 
can not reflect the frequencies higher than 40 MHz.

The only way for the transmission of TV signals is that the receiving antenna 
should directly intercept the signal from the trans mitting antenna.         
(Space-wave or line of sight propagation )

The distance between the Transmitter and the Receiv er is
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Height of TV Transmitting Antenna:
The TV signals (frequency modulated 
electromagnetic waves) travelling in 
a straight line directly reach the 
receiver end and are then picked up 
by the receiving antenna. 

Due to the finite curvature of the 
earth, the waves cannot be seen 
beyond the tangent points P and Q.  

The effective range of reception of 
the broadcast is essentially the 
region from P to Q which is covered 
by the line of sight.

T

R

h t

d
EarthP Q

R

d

Let h be the height of the transmitting antenna, d be the distance (radius) of 
coverage from the foot of the tower and R be the ra dius of the earth.

F

OT2 = OQ2 + QT2

(R + h)2 = R2 + d2 (Note:  QT ≈ FQ = d)

or d2 = h2 + 2hR

d  = √(h2 + 2hR) or d  ≈ √(2hR)

The antenna of height 
80 m can transmit the 
signal with coverage 
radius of 32 km and 
area of 3217 sq. km.

O



Satellite Communication:

Transmitter Receiver

Communication Satellite

Ionosphere

Up-link Down-link
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Satellite communication uses UHF / Microwave region s.  Microwaves carrying 
audio, video, telephone, telex, FAX signals, etc. a re transmitted from the earth 
to the satellites orbiting in the space and retrans mitted from the satellites to 
different parts of the earth (world).

The special devices used for this purpose in satell ites are called 
‘transponders ’.

Satellite communication is mainly done through ‘geo stationary satellites’. 
Three geostationary satellites placed in equatorial orbits at 120° from one 
another can cover practically the whole populated l and area of the world.

Frequency modulation is used for both ‘ up channel ’ and ‘ down channel ’
transmission.  Though FM needs a larger bandwidth, it offers good immunity 
from interference and requires less power in the sa tellite transmitter.

Orbit of Communication Satellite:
For global communication, a satellite should move u niformly round a circular 
orbit with a period of  84.4[r / R] 3/2 minutes , where r is the radius of the orbit of 
the satellite and R is the radius of the earth.

The circular orbit of the communication satellite i s specified in terms of:

(i)  The orbit radius (ii) The angle of inclination of the orbit’s plane to the Earth’s 
equatorial plane (iii) The position of the ascending mode
(iv) The phase angle of the satellite.



Height of Communication Satellite:
The area of the earth from which a satellite is vis ible increases with the altitude.

At altitudes below 10,000 km, the number of satelli tes required for global 
coverage would be excessive.

At altitudes above 20,000 km, the time taken by sig nals may be large enough to 
cause confusion in telephonic conversation.

If time-delay difficulties are ignored, then a sync hronous satellite at 36,000 km
height can be advantageously used.

Earth-Track Integral System for Communication Satellit es:
If several satellites are spaced around the same or bit in space, the tracks of 
the satellites will be different due to Earth’s rot ation about its own axis.  

If four satellites are placed into different orbits  with their ascending modes 
displaced successively by 30°intervals to the east direction, the difference, in 
effects of Earth’s rotation, can be counteracted an d the paths of all the 
satellites relative to the Earth will be the same.  

Such Earth-Track integral systems can be arranged t o have the satellite period 
an integral factor of the sidereal day in order to have the same track repeated 
day after day.
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Remote Sensing Satellites:
‘Remote Sensing’ is obtaining information about an o bject by observing it from 
a distance and without coming into actual contact w ith it.

The orbit of a remote sensing satellite is such tha t the satellite passes over a 
particular latitude at approximately the same local  time. i.e. the position of the 
Sun with respect to a point on the Earth remains ap proximately the same as the 
satellite passes over it.  Such orbits are called Sun-synchronous orbits .

A remote sensing satellite takes photographs of a p articular region with nearly 
the same illumination every time it passes through that region.
Applications:

1. In Geology

2. In Agriculture

3. In Forestry

4. In Land Mapping

5. In Ocean and Coastal Data

6. In Monitoring Environmental 
Conditions

7. In Biodiversity

8. In Ground Water Management

9. In Flood Damage Assessment

10. In the Field of Defence

11. In Mapping Wastelands

12. In Early Warning Systems        
(Natural Calamities)

13. In Management of Water Resources

14. In Fisheries Sectors

15. In Tourism Industry

16. In Planning Pipeline Routs, Ring 
Roads and Urban Settlements
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