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TOPIC- 01
UNITS AND MEASUREMENT

1.1. Introduction

Physics is the branch of science which deals with the
study of nature and natural phenomena.

It is a quantitative science where various physical
quantities are measured.

A quantity which can be measured and with the help of
which, various physical happenings can be explained
and expressed in the form of laws, is called a physical
quantity.

Example: length, mass time force etc.

Q.1 What is the measurement?

Ans: Measurement: A measurement is a comparison
with internationally accepted standard measuring unit.

1.2 System of Units

Q.2 Define a system of units? Explain different types
of systems of units.

Ans: System of units: “The whole set of units i.e. all the
basics and derived units taken together forms a system of
units.”

Systems of units are classified mainly into four types:

i) C.G.S. system:
This system is based on three fundamental units
Centimeter-Gram-Second.
e.g. Unit of mass is ‘gram’
Unit of length is ‘centimeter’
Unit of time is ‘second’

ii) M.K.S. system:
This system is based on three fundamental units Meter-
Kilogram-Second. This system also called as (SI)
system International and this is used all over world.
e.g. Unit of mass is ‘kilogram’

Unit of length is ‘meter’

Unit of time is ‘second’

Unit of velocity is ‘meter/second’

iii) F.P.S. system:

This system is based on three fundamental units foot-
pound-second. In this system, length, mass and time are
measured in foot, pound and second respectively. This
is British system.

iv) S.I. system:

It stands for Standard International system. This system
has replaced all other systems mentioned above. It has
been internationally accepted and is being used all over
world.

Q.3 List of conventions followed while using SI
units.

Ans: Following conventions should be followed
while writing S.I. units of physical quantities.

i) Unit of every physical quantity should be represented
by its symbol

ii) Full name of a unit always starts with smaller letter
even if it is named after a person, e.g. 1 newton, 1 joule
etc. But symbol for unit named after a person should be
in capital letter, e.g. N after scientist Newton, | after
scientist Joule, etc.

iii) Symbols for units do not take plural form.

iv) Symbols for units do not contain any full stops at the
end of recommended letter.

v) The units of physical quantities in numerator and
denominator should be writer as one ratio. For example
the SI unit of acceleration is m/s? or ms™2 but not
m/s/s.

vi) Use of combination of units and symbols for units is
avoided when physical quantity is expressed by
combination of two. For example. The unit J/kg K is
correct while joule/kg K is not correct.

vii) A prefix symbol is used before the symbol of the
unit.

1) Prefix symbol and symbol of unit constitute a new
symbol for the unit which can be raised to a positive or
negative power of 10.

For example,

1 ms = 1 millisecond = 1073 S

1us = 1 microsecond = 1076 S

1 ns =1 nanosecond ==107°S

2) Use of double prefixes is avoided when single prefix
is available

107°S =1 ps and not 1 mms

107°S =1 ns and not 1 m ps

viii) Space or hyphen must be introduced while
indicating multiplication of two units e.g. m/s should be
written asms~! or m-s~!
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1.3 Measurement of Length

Q.4 Define a metre.

Ans: Metre: The metre is the length of the path travelled
by light in vacuum during a time interval of 1/299, 792,
458 of a second.

Q.5 What is parallax?

Ans: Parallax: Parallax is defined as the apparent
change in position of an object due to a change in
position of an observer.

When a pencil is held in front of our eyes and we look at
it once with our left eye closed and then with our right
eye closed, pencil appears to move against the
background. This effect is called parallax effect.

Q.6 Explain the method of determine the distance of
a planet from the Earth.

Ans: Method of determine the distance of a planet
from the earth:
i) Parallax method is used to determine distance of
different planets from the Earth.
ii) To measure the distance ‘D’ of a far distant planet S,
select two different observations (E; and E, ).
iii) The planet should be visible from E; andE,
observatories simultaneously i.e. at the same time.
iv) E; and E, are separated by distance ‘b’ as shown in
figure.

E;E, =)

v) The angle between the two directions along which
the planet is viewed, can be measured. It is parallax
angle, which in this case is

<E{SE, =80

vi) The planet is far away from the (Earth) observers,
hence

b<<D

% < < 1and’0'is also very small.

Hence, E; E, can be considered as arc of length b of
circle with S as centre and D as radius.

oo EIS: Ezs:D
: 0= % ------ (6 is taken in radian)
b
D=3

Thus, the distance ‘D’ of a far away planet ‘S’ can be
determined using the parallax method.

Q.7 Explain how parallax method is used to
measure distance of star from Earth.

Ans: Parallax method to measure distance of star
from earth:

i) The parallax measured from two farthest distance
points on Earth for stars will be too small and hence
cannot be measured.

ii) Instead, parallax between two farthest points (i.e., 2
AU apart) along the orbit of Earth around the Sun (s) is

measured.
Star

A AU TALY B

Orbit of Earth around Sun

Q.8 Explain how size of a planet or star is measured.

Ans: Measurement of size of a planet or star:

i) To determine the diameter (d) of planet or star, two
diametrically opposite points of the planet are viewed
from the same observatory.

ii) If d is diameter of planet or star, angle subtended by
it at any single point on the Earth is called angular
diameter of planet.

iii) Let angle a be angle between these two directions.
iv) If distance between the Earth and planet or star (D)

. d
is known, a = 5

v) This relation gives,d =a D
Thus, diameter (d) of planet or star can be determined.

1.4 Measurement of Mass

Q.9 Explain the method to measure mass.

Ans: Method of measurement of mass:
i) Mass, until recently, was measured with a standard
mass of the international prototype of the kilogram (a
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Q.9 Prove that: Vector addition is commutative.

Ans: Commutative property of vector addition:
According to commutative property, for two vectors P
and6,1_5+6=6+l_5

Proof:

Let two vectors P and abe represented in magnitude
and direction by two sides OA and AB respectively.

-

C P B

o)
Dl

»

0 3 A

Complete a parallelogram OABC such that OA= CB=

Pand AB=0C = 6 then join OB.

In AOAB, OA + AB = OB
(By triangle law of vector addition)
P+Q=R - (1)
In AOCB, OC + CB = 0B

(By triangle law of vector addition)
Q+P=R - (2)

From equation (1) and (2),
P+Q=Q+P
Hence, addition of two vectors obeys commutative law.

Q.10 Prove that: Vector addition is associative.

Ans: Associative property of vector addition:
According to associative property,

For three vectors P, 6 and R,

(P+Q+R=P + (Q +R)

Proof:
LetOA=P,AB=Q,BC=R
Join OB and AC

In A OAB,
OA +AB=0B (From triangle law of vector addition)
F+Q=R, —(1)
In A OBC,
OB +BC=0C (From triangle law of vector addition)
R, +R=5S
From equation (1)
(P+Q)+R=S - (2)
In AABC,
AB + BC = AC
Q+R=R;, (3
In A OAC,
OA +AC=0C
P+R,=S

From equation (3)
P+(Q + R)=S - (4)

On comparing equation (2) and (4), we get,
(P +Q)+R=PF+(Q + R)
Hence, associative law proved.

Q.11 State and prove parallelogram law of vector
addition and determine magnitude and direction of
resultant vector.

Ans: Parallelogram law of vector addition:

If two vectors of same type starting from the same point
(tails at the same point), are represented in magnitude
and direction by the two adjacent sides of a
parallelogram then, their resultant vector is given in
magnitude and direction, by the diagonal of the
parallelogram starting from the same point.

Proof: i) Consider two vectors P and Q of the same type,
with their tails at the point ‘O’ and ‘0’is the angle

between P and 6 as shown in the figure below.
B P C
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Scientific ART3! TALTHIT:

3T TG STEFTHET measurements (HISTHIYTAT) 3T
Hecd 378, HISTHIIGST  3TTae! ST 9ol &% ¥
e, Physics (‘-II|<1°b'\’II{~>|) fe fasmrt 9949 branch
(IME) 3G, e el AT T IS TR
3T HeAT ST, IS HISTHIT TR 3T,

Physics T IR faeH ST ea™  greetaraet Physical
quantity (e ) = 3TgH TOT FO ST 3T,
T dT TAMRR HSclear d fqRidesr arferd
I AIATAT TeaTdiel dReTes Aa faegia a 9
[EEAG RGN

Introduction: Physics f& Science =T 3T°T branch T& 5,
e A1 el 99 materials o 3% ddidd
description F>|'U'i7-f) et ST,

HfereTETTe HEd aeum=ar MR Me=n s
AT ST

3qT: SR U1 (3= 1 3T7Ar Rainbow (S5ETST) &
e e ST 3T GeRT UIvAeR Sl qdT? AT W
W%Physicsqﬁa&lm.

Physical quantity (Sifqes Y9N FSTHT FOAETT 90T
i TR 3 WM. WA TeAEE Toledr gAIHaR
Physical quantity JTEIT JTd. 38T: IRIHM, TAfell, 95 3.

Need of measurements (qqu"J%?«?ﬁ?ﬁ TRS):

1) i T SHIVERT Phenomenon CEIZeﬁFD ST
FHET HOT FOIHE I AT experiments (WfﬁTF)
EZGISE

ii) AT experiment e mass, length, time & volume
JTHREAT Physical quantities o HISTHTT e AT,

iii) I TSR THSTATT observations (FRIETOTERE) el
faesia a g 0T g,

iv) Experimental verification WIS TENRAT  theories
(FFesTa) Higet ST,

V)EIﬁUTF\‘TI'&pf Physical quantity AT accurate measurements
[ appropriate (ﬁTITJRJT) instruments (6LI°h<U|itl'\|) ST

Unit of physical quantity (qﬁ'ﬁ’iﬂv_ NI Tcheh) SHITCTET
Physical quantity (Qﬁﬁﬁh_ NI ) AT T reference
standard (HRHRIE) TEVAHAT 3. el Unit 219
FUTAT.

Characteristics of good units (ThT TATAT m
‘EUTH'&):

i) Unit & TesRica Ao e/,

ii) Unit & de5 & T AR Invariable (7 SEETUMN) 3T,

iii) Unit & Reproducible (JT&EERE) 3EE, @M
duplication =T U TH4.

iv) Unit %universally (af%ﬁh_aWT) HaT WhRA 34T,
v) Unit T TiSTeTeT, Physical quantity <11 {NTIH 3.

vi) Unit & W&STIUT ST ATaTesa forms HEd HigdT AT
EIEICH

System of units (Tshh U%E'c‘ﬁ): Basic units/ fundamental
(T THheh) I Derived (e Teheh) AT whole set
(Q_eh"ﬁ?f T2TeN) system of units 3T TEUTAT,

System of units ﬁ' Al A IR UhId 0|‘ﬁ°b(“| codld.

i) CGS System (Centimeter-Gram-Second) (ﬁﬁﬁ?’!‘-ﬁ'ﬂ'—
@Eiﬁ')- e Length (Ffiﬁﬁ) et WZT, mass (FEIH)
IS I T second @@WWW

ii) MKS System (Meter-Kilogram-Second) C‘ﬁZT-
Teperm- @Eﬁ) e Length @ﬁﬁﬁ) et Iﬂ?(, mass
(T T fHANTT T second (33), Tl ek SATURATT
T velocity St Wey Yehs ST,

iii) FPS System (Foot- Pound-Second) (W—W—W):
I length (STiE) Fl B, mass (SRIHH) Tl TS T
second (éak) et Hehg ATIRT.

iv) SI System: JT System T system of International units
3T WU, AT SRl 9l Systems AT Tastr SI System
& WIT aRell S, AT System <11 International

(TR T 3 for Gof semee et s,

SI System of units :

1) Teheh q‘ﬁ?‘ﬁ'ﬁ‘ﬂﬁﬁ Different systems Hﬁ EUIGIS)
ATETSAT AFTHE VT Aifedrear Saml-Ear gel gya
TSI A e,

i) At ﬁ'{'ﬁﬁﬂ'ﬂ@' '\Q'E(USF ST Whal Common system of
units T &7 TR 2.

iii) October 2R&o Tl GO 39 International General
Conference of weights and measures @FF\T T AU I
\‘Hidulb@q TR qﬁ'ﬂ%ﬂ?‘ﬁ) Systems Internationale d
units 37T ST YIS Tehsh Te&c! SeTAauaTe 3TTeAl.

iv) SI system e FIT‘E[@ﬁ I Fundamental units (HeTHd
QW, = Supplementary ({TEREF Q’Ebﬁv_) T 3HF  derived

units (%(‘LI“'I Ueheh) <"Iitll HH[AR[ hU[d HlcAL
v) TEATAT BB SI system - X T Usheh Jegcrl

ST el 3T, AT system SR STTATCT SRTATTSAT STRTIATA
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Q.9 Prove that: Vector addition is commutative.

Ans: Commutative property of vector addition:
According to commutative property, for two vectors P
and6,1_5+6=6+l_5

Proof:

Let two vectors P and abe represented in magnitude
and direction by two sides OA and AB respectively.

-

C P B

o)
Dl

»

0 3 A

Complete a parallelogram OABC such that OA= CB=

Pand AB=0C = 6 then join OB.

In AOAB, OA + AB = OB
(By triangle law of vector addition)
P+Q=R - (1)
In AOCB, OC + CB = 0B

(By triangle law of vector addition)
Q+P=R - (2)

From equation (1) and (2),
P+Q=Q+P
Hence, addition of two vectors obeys commutative law.

Q.10 Prove that: Vector addition is associative.

Ans: Associative property of vector addition:
According to associative property,

For three vectors P, 6 and R,

(P+Q+R=P + (Q +R)

Proof:
LetOA=P,AB=Q,BC=R
Join OB and AC

In A OAB,
OA +AB=0B (From triangle law of vector addition)
F+Q=R, —(1)
In A OBC,
OB +BC=0C (From triangle law of vector addition)
R, +R=5S
From equation (1)
(P+Q)+R=S - (2)
In AABC,
AB + BC = AC
Q+R=R;, (3
In A OAC,
OA +AC=0C
P+R,=S

From equation (3)
P+(Q + R)=S - (4)

On comparing equation (2) and (4), we get,
(P +Q)+R=PF+(Q + R)
Hence, associative law proved.

Q.11 State and prove parallelogram law of vector
addition and determine magnitude and direction of
resultant vector.

Ans: Parallelogram law of vector addition:

If two vectors of same type starting from the same point
(tails at the same point), are represented in magnitude
and direction by the two adjacent sides of a
parallelogram then, their resultant vector is given in
magnitude and direction, by the diagonal of the
parallelogram starting from the same point.

Proof: i) Consider two vectors P and Q of the same type,
with their tails at the point ‘O’ and ‘0’is the angle

between P and 6 as shown in the figure below.
B P C
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Q.14 Explain the velocity-time graphs of an object
moving with zero acceleration.

Ans: Object is moving with zero acceleration:

i) As the acceleration is zero, the graph will be a straight
line parallel to time axis.

ii) Velocity of the particle is constant as the acceleration
is zero.

iii) Magnitude of displacement of object from t; to t, =
vy X (t, —t;) = shaded area under velocity-time graph.

A

Velocity (v)

0,0

t; timet —

Q.15 Explain the velocity-time graph of an object is
moving with constant positive acceleration.

Ans: Object is moving with constant positive
acceleration:

i) The velocity-time graph is linear.

ii) Velocity increases with increase in time, as
acceleration is positive (along the direction of velocity).
iii) The area under the velocity-time graph between two
instants of time t; and t, gives the displacement of the
object during that time interval.

. . A -, .
iv) Slope of the graph is A—‘t’ = positive acceleration.

b

Velocity (v)

time (t)

0,00 t t

Q.16 Explain the velocity-time graph of an object is

moving with constant negative acceleration.

Ans:
acceleration:
i) The velocity-time graph is linear.

Object is moving with constant negative

ii) Velocity decreases with increase in time, as
acceleration is negative (opposite to the direction of
velocities).

iii) The area under the velocity-time graph between two
instants of time t; and t, gives the displacement of the
object during that time interval.

: . A : :
iv) Slope of the graph is A—‘t’ = negative acceleration.

:

=

Velocity <
X,

(0, 0) t) ty time (t)

Q.17 Explain the velocity-time graph of an object is
moving with non-uniform acceleration.

Ans: Object is moving with non-uniform
acceleration:

i) Velocity-time graph is non-linear.

ii) The area under the velocity-time graph between two
instants of time t; and t, gives the displacement of the
object during that time interval.

area under the velocity-time curve =
_ (& _ (tdx . (bt _ _
Area = ftl vdt = ftl L dt= ftl dx = x(t;) — x(t;)
= displacement of the object from t; to t,.

velocity (v)

0,0 to

t, time (t)
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ii1) BT force, electromagnetic force (fél'%g'ﬁ ga%ﬁa §e1) 9
strong nuclear force (A3 eﬂvﬁw E!FIT&&%T) guda weaker

( \:131?1) ST,
iv) a1 forces, el range ('Gh"l'&&iﬂ) gug FHH SFRIIT
319, nucleus =T size L 20%“m TId & forces, effective

(TeTeb) 3T,

i) Conservative force (31813 Fe/aTel oeT)-TETET a?ﬂﬁ
A=A closed path C@E{ tIT"ﬁ'q‘fi’}l) TR STEamT hetet work
done ('OFI?‘&!) T W zero ?Flﬁ?ff, dY¥ AT force ©T conservabive
force 319 TEUTAT.

39T- gravitational force (’I{FOI'IEF@'Uﬁ?I eT)

ii) Non-conservative force (W&ﬁ deT): TErEl r‘ﬂﬂﬁ
AT closed path A& TRRA 3TAMT hole! work done
@Pj) & S non-zero 31'@?*[, ¥ A force © non-
conservative force 378 TEUTATA.

3al. Frictinal force Cﬂ‘i’”’h’q 1)

Work energy (mm‘ STeRTT fagiaaE)- TEEn force
(EWITﬂ@’) TG YeTed displacement (%I'@Tm) EIGR |
force & HAA workdone (Wl'éf) & T U kinetic
energy (TIST 3oTeAT) dReTUdG 379, WY (SAEA!
TETM=T force g work done %ﬁﬁ, NEJRS) tlﬂT?ﬁ?ﬁ kinetic
energy EI'IG?T, I3 ST opposite S99 force wETAT
kinetic energy HH & F kinetic energy T loss BT
opposite force T HeAedm work done S Sﬂqﬁ, STIMIH
Fetel work I kinetic energy & qmeet STT).

TS m SO STHeledl USTETE initial  velocity
(GEATt ) u T final velocity (ST Tl v 3T,
WA AEATT force F 3T o1 YR ¢ a1 dd
SThHAS displacement s 3‘”%', IJT | notations TET work
done T derivation TR SFawid St 31w, o= study
T el AT e,

Law of conservation of momentum (Ha"TI?ﬂT rer=an
'&ITI'H'): Steet colliding bodies / interacting bodies
(Q'EBWHT HShUT-AT %)) Il resultant external force
(TS / GROTH ST a6T) & zero 3G, T AT
TP linear momentum HISIT S ST feha i GeToT
B,

T collision (THTd / g% / TFM) ﬁwgaﬁ, collision
BT & collision AR T equations feett 341%?[, T
AR INAT . TFel HAN formula/result T
e H T 8T WURTE collision gﬁﬁ?ﬂ e T collision

TEUTAT.

Elastic collision (AcATET Wl'a)- R collision AL Tl
linear momentum Ol?ﬁ'ﬁsl'q Fia"T) 9 kinetic energy (‘T&I\_r[
‘oT'ﬁ) & 9aa RICEE] A GI'IT'\T, el elastic  collision
(T THT/Seh) 3T TROTATd.

Elastic collision T&3 T HecdT=AT conditions 3.

1) Total linear momentum before collision (W’ﬂ'lﬂTﬂEﬁﬂT
THUT o) & STETAHAAT THUT HATUaeET ST,

i1) Total kinetic energy before collision (diluldlgorlﬂr\l TSt
351) T& STemaaR=an idsT 351 Uael 319,

WREEROT- I my, I my TS TEHH ST 3
bodies = collision figure e @ 3. u; 9 ugy AT
collision ‘FﬁElT velocities o vy 9 v; ®I collision &
TEAHAT=T velocities 3R i momentum before
collision  after collision JTE equations T Sl
feetl e, e e study .

Inelastic collision (TUTEA '!i"c'lﬁ): TETE WW/&?@W
collision (3TET/ZhY) T linear momentum (éﬁﬂ)
conserved (STEIA/HTSAUh) B 3T , A Kkinetic energy
(‘Tﬁﬁf W) conserve &d AHA, AT T collision @I
Inelastic collision 39 TEUW. AHEA T HecaT=AT
conditions 3T

1) Collision E{Fﬁﬁ total momentum (THUT F%‘T) Bl collision
AT total momentum AT STHAT .

ii) Collision ﬂﬁﬁ?ﬁ kinetic energy & collision Tz
kinetic energy Qaér T

IR UL inelelastic collision AR Ta equations
formula TSt ST, =T SO ST .

Perfectly inelastic collision- ST collision T collision
AR T80 bodies THHHAT [Trhedid fohal U gidwd, o
common (UhHHTT) velocity 3 ‘1@' STara fohem o= T
gigd, AT collision T perfectly inelastic collision T
FEUTAT.

33l meteorite W) W TS, & U T Edld,
lump of mud (FE@T=T MeeT) AR TR STUeear af
Tfen faehe Y@al, RO AT kinetic energy T T

fehToTt qot 7o Fra,
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Q.42 Draw a well labelled diagram to show different
trajectories depending upon the tangential
projection speed.

Ans:

Point of projection

P
Ellipse with
point P as
apogee

Vi > Ve
@
Earth

Hyperbola vy, > v,

Parabola v, = v,

Vh = V¢
Circle

Ve < Vp < Ve
Ellipse with
point P as perigee

Q.43 Why an astronaut in an orbiting satellite have
a feeling of weightlessness?

Ans: i) For an astronaut in a satellite, the net force
towards the centre of the Earth will always be, F =
mg — N.

where, N is the normal reaction.

ii) In the case of a revolving satellite, the satellite is
performing a circular motion. The acceleration for this
motion is centripetal, which is provided by the
gravitational acceleration g at the location of the
satellite.

iii) In this case, the downward acceleration, ag = g,or
the satellite (along with the astronaut) is in the state of
free fall.

iv) Thus, the net force acting on astronaut will be, F =
mg — may = Oi.e, the apparent weight will be zero,
giving the feeling of total weightlessness

Q.44 Define time period of a satellite.

Obtain an expression for the period of a satellite in
a circular orbit round the Earth. Show that the
square of the period of revolution of a satellite is
directly proportional to the cube of the orbital
radius.

Ans: Time period of satellite: The time taken by a
satellite to complete one revolution around the earth is

called its time period.

Expression for time period:

i) Consider, m = mass of satellite,h = altitude of
satellite.

Thus, r = R 4+ h = radius of orbit of the satellite.

ii) In one revolution, distance traced by satellite is equal
to circumference of its circular orbit.

iii) If T is the period of satellite, then

Circumference of the orbit

Critical speed = Time period
2mr
Ve T ...... (1)

’GM
But, Ve = T

Substituting equation (2) in (1),

\/@:$ ...... (3)

Squaring both sides of equation (3),

GM _ 4m?r?
r T2
4m?r3
T?=— L. 4

Since ™%, G and M are constant,

T? « 13
Hence, square of the period of revolution of a satellite is
directly proportional to the cube of the radius of its
orbit.
Taking square roots on both the sides of equation (4)
we get,

,r3
T=2n G_M

T=2m R+h)?

GM
This is the required expression for period of satellite
orbiting around the Earth in circular path.
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Q.24 Define compressibility. State its unit and
dimensions.

Ans: Compressibility: The reciprocal of bulk modulus of
elasticity is called compressibility of the material.

1
Bulk modulus

Compressibility =

i) Compressibility is the fractional decrease in volume,
(—=dV/V) per unit increase in pressure.

. —dv
Compressibility = vap
ii) Unit: m? /N or Palin SI system.
iii) Dimensions: [L1M~1T?]

Q.25 What is modulus of rigidity? Derive an
expression for it.

Ans: Modulus of rigidity: It is defined as the ratio of
shear stress to shear strain within elastic limit.
It is denoted by ().

Unit: N/m? or Pain SI system.
Dimension: [L"1MT~2]

Expression for modulus of rigidity:
Consider a solid cube as shown in the figure.

L
-
-7 ‘s
.
2 LR
£
...... -
«— A/ — , Le e
P A .
N G el
’ ’ ’
I ’
’ P -
0 . P
’ P
ol
’-
N
—

Let, F = Tangential force

A = Cross sectional area

Al = Relative displaced length

1 = Original length

0 = Shear strain

The forces applied on the block is subjected to a shear
stress,

Shearing stress = F/A

The corner angle which changes by a small amount 6
(expressed in radian) is given by,

Shearing strain = ATI ~ 0
From definition,

~ Modulus of rigidity =

Shearing stress
Shearing strain

Q.26 Distinguish between Young’'s modulus, bulk
modulus and modulus of rigidity.

Ans: Young’s modulus, bulk modulus and modulus
of rigidity:

No | Young's Bulk Modulus of
modulus modulus rigidity

i It is ratio of | It is ratio of | It is the ratio of
longitudinal volume stress | shearing stress
stress to | to volume | to shearing
longitudinal strain. strain.
strain.

ii |Itis given by, | It is given by, | It is given by,

MgL vd F
Y= K= =

iii | It exists in|It exists in|It exists in
solids. solid, liquid | solids.

and gases.

iv | It relates to | It relates to|It relates to
change in | change in | change in
length of a|volume of a|shape of a
body. body. body.

Q.27 Explain the change of diameter of a wire when
itis stretched and compressed.

Ans: i) When a wire is fixed at one end and a force is
applied at its free end so that the wire gets stretched,
length of the wire increases and at the same time, its
diameter decreases, i.e., the wire becomes longer and
thinner as shown in figure.

— S
1" 10~
s kAl
Ar

ii) If equal and opposite forces are applied to an object
along its length inwards, the object gets compressed.
There is a decrease in dimensions along its length and
at the same time there is an increase in its dimensions
perpendicular to its length. When length of the wire
decreases, its diameter increases.

a ! |
£ [0
A oy

- Ar A
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Thermometer = W‘@ﬁ T TR A,

i) Liquid-in-glass thermometer- @1 thermometer, glass
T liquid o volume (TTHREFTAT) SEEATTHR I FHIT.
ii) Constant volume of gas thermometer: @l thermometer,
volume TEIT 3T pressure YT SJHN temperature
o variation I,

iii) Resistance thermometer- @1 thermometer, electric

resistance (%@Ff ﬁ‘q) AT A% temperature el
variation ST,

Triple point of water (UTUATT lECa %’g’)-?\’:ﬁ unique
(311) temperature o pressure T Water & solid, liquid
T gases AT [l SO, UHE dB!  equilibrium
(a-g'i‘awﬁ) g Q'Iﬁbﬁ ar %@ U triple point of water

Phys1cal significance (wﬁﬁwugc—cr)

1) 9UITAT triple point (ﬁﬁ ]%@a'{) AT pressure ¥.4¢
mm of Hg & ™9 Temperature & J03.2& K TUN 0.0%
°C Tae 3.

ii) Triple point 9 Tgd WUSE AT point °X Uh unique
(3735l STeren fSg 3, A% SMITATAT absolute
temperature (&R’&&T ATIHI) eI 3.

i) RJT{@' Kelvin Scale (Ohr(wH ’ﬁ'Uﬁ) fohall absolute scale
(%'Rﬁ%? Q'Uﬁ) e 9rogrEl triple point 81 upper fixed

point U7 I absolute zero & lower fixed point U
A ST,

Charles law (Wﬂiiﬂ '&I?TH'): Constant pressure ([ F\QT{)

AT, TTeIeaT aRHATAT gas o volume (3THRAM) &
(FRUST ATIHTTEAT) FHYHETOTS

AT absolute temperature

3194,

ST V K T, v = K.T a9 K & constant (FRRi)
ST, AT gas Tl ATHTB! volume & T FHTHUTA
temperature I IR HAAAT formula (FH), T oot

3T, o TIRIIT .

Boyles law (Ef'lé?'ﬂﬁﬂ ﬁﬂ'q')-Temperature (GLEEIE)] fer
I feiean TREATEAT FFE volume (STHRAM) &

1
pressure (STTEAT) ST JHUNG 3T, BUNHE V. X 5

A e simplification v fEet 3T

Boyles law & 39-AT WHR 3141 Hieal It foh, feedoar
SEJHTAT gas AT pressure (P) M volume %) e
TUTTehIY @1 constant temperature (F\QW ATYHIATAT) constant

(=R 31,

1%‘JTQ'EL PV = k = constant

Ideal gas equation (3113'9'? arg=n ﬁTET'T)- ST expression
('H'ﬁ:lﬁh_{'UTla"ﬁ) pressure (I19), volume (3ThRHAM) o

temperature (ATIH) AT THHA relation Fo S, w0
equation 1T Ideal gas equation ¥UTdId.

Ideal gas equation g Boyles law, Charles law 9 &1 =)
laws THX QEF%W'T equation PESIEa) ﬁﬁ 3TI%' fSreic i)
simplification AT feet 3T, = TAIhT Hl.

Thermal expansion (3ﬁ'mT5b' qqun): HIUTITE  matter
@Rﬂ?ﬁ) EM) tendency Ciﬂ?ﬁ) foh, T M matter =T
temperature T volume (STTPIRAT) 6I'IG\T'\T

SAT. Solid TSI TRA HeAHNR expand (FEIOT) T o
cooling T contract (dﬂivtl-l ) TTeIdI.

ii) Linear expansion of solids (¥ / AT & JaYn):
T 9T heat (TXH) HAEHA AT length (Fflﬁﬁq‘%?i) ElE)
&I, T linear expansion of solids 3T TEUTAT.

Coefficient of linear expansion (X JHIUTIET T[UTI):
T USTETET coefficient of linear expansion of solids

B o°C AMqHMTCT STHOT-a1 original length (HEW
FI'IEﬁ'q‘f'?}f) per degree rise in temperature (9'%‘[ N
AT dIéHeS &UTRI increase in length (GTieTe
A @) 81, & T[0Tk (L) a1 3TeRH IrEiadr, am unit
°C-1 fepanr K-1 (9 ster 9. fofam i 37T shicem) .
AT dimensions UL St 3T%,

Areal / Superficial expression (?ﬁﬁlﬂ {0 SiegT TRt
metal plate (Y’IITf‘ﬁ FIEF*EFT) heat (TITH) W‘Fﬁ(, el
surface area (&F%hed) dled ATl areal expansion (833&5[
TEROT) 3T TEUTAT.
ST A, = Metal plate 9 W’I?ﬁﬁ area (?ﬁm

= Metal plate 9 viaey (" éﬂﬁﬁ'{ﬁ) P LTy

. SARBHE AAA 16 = A, —A,

Coefficient of superficial (areal) expansion of soild (9

TETATEAT 81519 WERUTE OTish)- ¥ TSI coefficient of
areal expansion (&%ﬁ'&f R *\Lulich) "t 0°C
ATGHTATA SAHUM-AT original surface area (Hd Uhsh
W), per degree rise in temperature (Wﬁ‘f N
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Solved and Unsolved Examples:

Ex.01) A bar magnet of magnetic moment 5.0Am?
has the poles 20cm apart. Calculate the pole
strength.

Solution: Given: m = 5.0 Am?,21 = 20 cm = 0.20 m
Pole strength (qy,) =7
We have, Formula: q,, = —

21
5.0
dqQm = m =25 Am

Ans: The pole strength of the bar magnet is 25 Am.

Ex.02) A bar magnet of magnetic moment 3.6 Am?
and pole strength 10.8 Am. Determine its magnetic
length and geometric length.

Solution: m = 3.6 Am?,q,, = 10.8 Am
i) Magnetic length =?
ii) Geometric length =?

We have, Formula: i) Magnetic length = qﬂ

m
ii) Geometric length = g X magnetic length

Magnetic length = % =0.33m

From formula,
Geometric length = g X 0.33

=0.36m~ 0.4m
Ans: i) The magnetic length of the bar magnet is 0.33 m
ii) The geometric length of the bar magnet is 0.4 m.

Ex.03) A short magnetic dipole has magnetic
moment 0.5 A m?. Calculate its magnetic field at a
distance of 20 cm from the centre of magnetic
dipole on

i) The axis

ii) The equatorial line

(Given py = 47 x 1077 SI units)

Solution: Given: m = 0.5Am?,r =20 cm = 20 X
1072 m

i) Magnetic field on the axial point (B,) =?

ii) Magnetic field on the equatorial point (Beq) =?

2m
We have, Formula: B, = 2 ==
4T T
2x0.5
B, =10"7 x
a (0.2)3
_ 1077
T 8x10-3

=1.25x10"*
B, = 1.25 X 10~ Wb/m?
Again, we have, B, = 2Bq

. _Ba
. Beq—?

_1.25x107°
- 2
= 0.625 x 1075 Wb/m?

Ex.04) A magnetic pole of bar magnet with pole
strength of 100 A m is 20 cm away from the centre
of a bar magnet. Bar magnet has pole strength of
200 A m and has a length 5 cm. If the magnetic pole
is on the axis of the bar magnet, find the force on
the magnetic pole.

Solution: Given that
5cm = 5% 10"%m
~m=200x5x%10"2 =10 Am?

For a bar magnet, magnetic dipole moment is, m =
qm(2D)

For a point on the axis of a bar magnet at distance, r =
20cm

= 0.2m,

Ho , 2m
B, =—X—F
a4 3

(qm)1 = 200 Am and (21) =

2X10

—10-7
=10 ><(0.2)3

=0.25%x1073

= 2.5 X 107*Wb/m?

The force acting on the pole will be given by, F =
QmBa = 100 X 2.5 x 107* = 2.5 x 102N

Ex.05) Earth’s magnetic field at the equator is
approximately 4 x 107>T. Calculate Earth’s dipole
moment. (Radius off Earth = 6.4 x 10°m, py =
41 x 1077 SI)

Solution: Consider earth’s magnetic field as due to a
bar magnet at the centre of earth, held along the polar

axis of earth.
_ Mo 2m

~ B —_ —

eq =4 gz e (where, R = radius of earth)

_ BegxR3
Ho/4T

We have,

Beq = 4 x 107°T
r=6.4x10°m

Earth’s dipole can be written as
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_ 4x1075x(6.4x105)°
10-7
=4 x (6.4)3 x 1020
= 1048 x 1020
~ M =1.048 x 1023 Am?
Ans: Earth’s dipole moment at equator is 1.048 X
1023 Am?2.

Ex.06) A magnet makes an angle of 45° with the
horizontal in a plane making an angle of 30° with
the magnetic meridian. Find the true value of the
dip angle at the place.

Solution: Let true value of dip ¢. When the magnet is
kept 45° aligned with declination 30°, the horizontal
component of Earth’s magnetic field.

Bi; = By cos 30° Whereas, vertical component remains

unchanged.
= For apparent dip of 45°,
tan4s0 =20 = _Bv__ _Bv, 1

Bl  Bpcos30° By cos30°
But, real value of dip is,

B
tanp = ¥

Bu

tan 450 = 200
cos30°

tan ¢ = tan 45° X cos30°

=1x§
2

~ ¢ = tan"1(0.866)

Ans: The true value of angle of dip is tan™1(0.866).

11t (Physics)

Multiple Choice Questions

1) Let r be the distance of a point on the axis of a bar
magnet from its center. The magnetic field at r is
always proportional to

a)1/r? b) 1/r3

c1l/r d) not necessarily 1/r2 at all points

2) Magnetic meridian is the plane

a) perpendicular to the magnetic axis of Earth
b) perpendicular to geographic axis of Earth
c) passing through the magnetic axis of Earth
d) passing through the geographic axis

3) The horizontal and vertical component of
magnetic field of Earth are same at some place on
the surface of Earth. The magnetic dip angle at this
place will be
a) 30° b) 45° c) 0° d) 90°

4) Inside a bar magnet, the magnetic field lines

a) are not present

b) are parallel to the cross sectional area of the magnet
c) are in the direction from N pole to S pole

d) are in the direction from S pole to N pole

5) A place where the vertical components of Earth's
magnetic field is zero has the angle of dip equal to

a) 0° b) 45° ¢) 60° d) 90°

6) A place where the horizontal component of
Earth's magnetic field is zero lies at

a) geographic equator

b) geomagnetic equator

c) one of the geographic poles

d) one of the geomagnetic poles

7) A magnetic needle kept nonparallel to the
magnetic field in a nonuniform magnetic field
experiences

a) a force but not a torque

b) a torque but not a force

c) both a force and a torque

d) neither force nor a torque

8) Magnetic field lines

a) do not intersect each other.
b) intersect each other at 45°.
c) intersect each other at 90°.
d) intersect each other at 60°.

9) The points A and B are situated perpendicular to
the axis of 2 cm long bar magnet at large distances x
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Friction (515'01): STeeT T bodies @E) THHHAT contact

Static friction (Rereies TguT): T bodies T contact AL

T AN, WU & surface (TRHTT) UhHHSHE
O A, T AT UhHSe OEvaN A
relative motion T TUeh YhITT fory fmior @T‘ﬁ, GRS
oppose (ﬁ'ﬁ‘a) HIOATAT  property (‘IUTWET) Friction
(STOT) 3T TEUTATeT,

Force of Friction (‘ﬂ'é'ﬂﬁﬂ'): Qﬂv‘ﬁﬁﬂ?ﬂT e 3T IeTedn
contacting surfaces T&I THHBIE relative motion (TTAe)
foRry oy tangential force ("@I‘\ﬁ T §ATeT) Force Of
friction 3TH TEUTA.

Causes Caﬁmaaﬁﬁmgivm%ﬁ HRY):

1) T surfaces =T T& contact point (FQ’S'T f_@l@ =1 %ﬁv‘l’ﬂﬁ,
T surfaces TS atomic or molecular of force attraction
(3TUT-X0] TEfeT) SHYUT TATes FHOT B,

ii) Contacting surface AT wmaﬁa irregularities
(TESSAUUT/ AT fohal STTECTIv) ATes A=A

interlocking (31(_'[ :WI'FQT‘W'D g T W YT &l

Origin of friction (TYUTET W / TV TAT He &
[T EE):

i) Moving body @AUM-AT TE&AN) YESHFT ATTITAT
Sl e, T‘R’Smooth(’Wﬂ)ﬂmFﬁ ‘T{TjFEIT
Surface 3 3THET hills T dales  (SheT T W) T, &
ST microscopes (ﬁmﬁﬂ'@'ﬁﬁ ) S C IR R EEIG)
A,

ii) SR R T surfaces (ISSHT), TUHHHEAT  contact
e 3el, T UH surface T elevations (de) &1 381
surface AT depressions T interlock (313 : ‘JTFSF‘D B,
iii) SeeT AT T surfaces = Qﬁh'ﬁw relative motion ﬁﬁ,
el AT surfaces o Qemiwmi 311@?} interlocking
ol motion T oppose (%Fﬁﬂ) FHA, AT opposition T
force of friction (ﬂﬁ'ﬂ'lﬁ?lﬁl?{) FUTATd.

iv) Modern theory THRX Point of contact (\UTS'i %ﬁﬁ)
molecules @'UI) THHHER force of attraction (W cT)

HRITETT HTT.

V) ZITE@' contacting surface T AT relative motion
AT opposition 2, AT friction (‘EI'Gi'UT/ 0T ERLEl
EL RGN

Friction TEUATH Y& T HROT JEITHHI0N 3T,

a) Contact surface AT qsamﬂraﬁa irregularities

(STTEAIUT) HEIA interlocking.
b) T surface WA Intermolecular forces of attraction

(3TTAX-XT] STHYT o)

3TFeTet 3T friction 1ok, S&T W& T body, TH-AT body =T
surface ¥ move BIUIATET el Hidd 331'@?’[, aY¥ AT friction
T static friction 3T TEUTAT.

First Law of Static Function (Rfae =dumen ufgen
T Surfaces THHHTET Contact HEA TTAAT X Limitig
Force of Static Friction (F@ﬁ? YT TEATRRT 1) (Fs)
& I&EYE, Normal Reaction (N) (Tie WfdfshaT) e
FHYHIONT 3T,

TEUSTE Fs O N =Fs = Us N

a1 el Us = coefficient of static friction G2IED
YOI TOT) 3T,

Second Law of Static Friction (feafaes =rumren gaer
Limiting Force of Staic Friction g 3 W%ﬁ?[
TRERAT T EIVM-AT area (B1T6R) AT .

Third Law of Friction (S¥uTr= faawT fam):

Limiting Force of Static Frication (F@ﬁﬁh_ YU HIHTHRT
TOT) & WERAT T SON-AT Nature (JRHTITET 47T
TIEUTER) F materials (JRHTTEAT URTER) 1A 3T,

Limiting Force Of Static Friction (fexfasw avum=r

HHTRRIE): Sl TERT Body 39-31 Body =T Surface
A just begins to slide (FEITAY Teheltal FEATA HAT)
rEdet @ Sliding o (FEATA=T Sliding @) oppose
IUTRT  Frictional Force @I Maximum 31'\‘13)[, [2]e]
Frictional Force ®T Limiting Force Of Static Friction T
FRUTATC.

Kinetic friction (‘Tr?ﬁ[ ‘a‘é’UT): T bodies HYA
friction T, SATHEA TH dody, TH-AT body X slide (M)
I , d¥ AT Friction <l kinetic Friction I U,

Law Of Kinetic Friction (“TFrTGf Wﬁﬂ'ﬂ)
i) First Law (afgem fa®): Force Of Kinetic Friction
(’T&ﬁf BElIE) eT) & Surface in Contact (‘T{'@ITHT EN)

HIOTT-AN) EWW Normal Reaction (Ea’ uﬁf%&sﬁ)
YT 3T,

TS, F, O N = F, = [, N

RIEEI

Fr = Kinetic Force Of Friction ("Iﬁ"ﬁf BEIE] cT)

N = Normal Reaction (¢i& Qﬁﬁb‘ﬂ)

Dnyanada Publication House Pune

Page 14



Demo Pages of Book

11t (Physics)

11.1 Introduction

The valence electrons become de-localized when large
number of atoms come together in a metal. These
electrons become conduction electrons or free
electrons constituting an electric current when a
potential difference is applied across the conductor.

11.2 Electric current

Q.1 Define current. State its formula and SI unit.

Ans: Current: Current is defined as the rate of flow of
electric charge.

Formula: I = %
SI unit: ampere (A)

Q.2 Derive an expression for a current generated
due to flow of charged particles across a plane.

Ans: Expression for a current generated due to flow
of charged particles across a plane:

i) Consider an imaginary gas of both negatively and
positively charged particles moving randomly in
various directions across a plane P.

LB IR
o> o
Q*dd‘o‘i T o> o
e P& P
IE Forward
P Direction

Flow of charged particles

ii) In a time interval t, let the amount of positive charge
flowing in the forward direction be q* and the amount
of negative charge flowing in the forward direction be
q~. Thus, the net charge flowing in the forward
directionisq=q* — q~

iii) Let I be the current varying with time. Let Aq be the
amount of net charge flowing across the plane P from
time t to (t + At), i.e. during the time interval At.

iv) Then the current is given by

— 1im Ad
I(v = A1%I—n>0 At

Here, the current is expressed as the limit of the ratio
(Aq/At) as At tends to zero.

11.3 Flow of current through a conductor

Q.3 Explain flow of current in different conductor.

Ans: Flow of current in different conductor:

i) A current can be generated by positively or negatively
charged particles.

ii) In an electrolyte, both positively and negatively
charged particles take part in the conduction.

iii) In a metal, the free electrons are responsible for
conduction. These electrons flow and generate a-net
current under the action of an applied electric field.

iv) As long as a steady field exists, the electrons
continue to flow in the form of a steady current.

v) Such steady electric fields are generated by cells and
batteries.

Q.4 State the sign convention used to show the flow
of electric current in a circuit.

Ans: The direction of the current in a circuit is drawn in
the direction in which positively charged particles
would move, even if the current is constituted by the
negatively charged particles, (electrons), which move in
the direction opposite to that the electric field.

11.4 Drift speed

Q.5 Explain the concept of drift velocity with neat
sketch.

Ans: Drift velocity:

i) When no current flows through a copper rod, the free
electrons move in random motion. Therefore, there is
no net motion of these electrons in any direction.

®/' o> 0o 9
" g 7
Free electrons in random motion
inside the conductor.

ii) If an electric field is applied along the length of the
copper rod, a current is set up in the rod. The electrons
inside rod still move randomly, but tend to 'drift' in a
particular direction.

iii) Their direction is opposite to that of the applied
electric field.

iv) The electrons under the action of the applied electric
field drift with a drift speed v4.
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I L i

0 o @(9@
@ © 0

Q) @ o © 9

: ’

- —

Conducting wire with the applied electric field

Q.6 What is current density? State its SI unit.

Ans: Current density: Current density at a point in a
conductor is the amount of current flowing per unit area
of the conductor.

. I
Current density, | = "

Where, I = Current
A = Area of cross-section
SI unit: A/m?.

Q.7 Prove that the current density of a metallic
conductor is directly proportional to the drift speed
of electrons.

Ans: i) Consider a part of conducting wire with its free
electrons having the drift speed vqin the direction

opposite to the electric field E.

ii)All the electrons move with the same drift speed vq4
and the current I is the same throughout the cross
section(A) of the wire.

iii) Let L be the length of the wire and n be the number
of free electrons per unit volume of the wire. Then the
total number of free electrons in the length L of the
conducting wire is nAL.

iv) The total charge in the length L is, q = nALe ...... (D)
Where, e is the charge of electron.

v) Equation (1) is total charge that moves through any

cross section of the wire in a certain time interval t.
L

t== 2)

vVd
vi) Current is given by,

_q _ nALe
I'= ; - L/vg4
=nAvge
Hence,

= (+1=1)

Hence for constant ‘ne’, current density of a metallic
conductor is directly proportional to the drift speed of
electrons, ] «< vq .

..... [From equations (1) and (2)]

Q.8 DC current flows in a metal piece of non-
uniform cross-section. Which of these quantities
remains constant along the conductor: current,
current density or drift speed?

Ans: Drift velocity and current density will change as it
depends upon area of cross-section whereas current
will remain constant.

11.5 Ohm'’s Law

Q.9 State and explain ohm’s law.

Ans: Statement: The current I through a conductor is
directly proportional to the potential difference V applied
across its two ends provided the physical state of the
conductor is unchanged.

Explanation:
According to ohm’s law, [ &< V

V=IR or R=¥

Where, R is proportionality constant and is called the
resistance of the conductor.

Q.10 Draw a graph showing the I-V curve for a good
conductor and ideal conductor.

Ans:

W Good
Conductor

<—-—>

—>

rd ] —
I-V curve for a good conductor and
ideal conductor

Q.11 Define one ohm.

Ans: One ohm: If potential difference of 1 volt across a
conductor produces a current of 1 ampere through it
then the resistance of the conductor is one ohm.

Dnyanada Publication House Pune

Page 16



Demo Pages of Book

11t (Physics)

n-type semiconductor (n-F 0T AhRT HETATE)-

1) Germanium (Ge) @l semiconductor T&TTd &AT. e AR
valence electrons 3THdId.

ii) Antimony (sb) T8 Arsenic (As) &T & ST group e
electron T hT&T AT & impurity ¥V Germanium crystal
T IRl STl S process T semiconductor TEH
impurity add et Tfl'lﬁ, T process T dopping FeUIdld.

iii) Sb fFam As =T atom W& U valence electrons
Y. Impurity atom AR 9 9Bl TR electrons ©
ST Ge, ARET atoms T electrons SIS covalent
bond (FeGgST &) FATOT e,

iv) Dopant atom @1 4 9T (STIKT A electron &

ATATT hole TUTAId, T holes, positive charge =T A
3THATd.

v) 3RAT UhT=AT doping AT Ge crystal ©T potential
difference, apply FHAT T ISTEAT covalent bond T
electron B hole 7&X 3l TI'RT‘ﬁ, FqTﬂ@' T band T bond
ToToT Bre, f& wisha 3Tefier =me] W& T hole & field =T
direction A& move B THAA umﬁ, % electrons =T
jumping H@' AT,

vi) ST p-type semiconductor AT Toar p-type
semiconductor T HISM VHONT holes W?ﬁ?'f, a3
T net charge zero T,

vii) 3R Eary p-type semiconductor ©T thermally (EWIﬁﬁ)

covalent bond 3T HIT I, ATHS T AR core TER
bound I, T YokT FUATIR! ST SHH! FHTOMT energy
AT,

v) n-type semiconductor ?TIT‘ﬁFT bonds thermally
(Bﬂf@ﬂaﬁ@T / Wﬁﬁ) W electrons 3T holes
T hIdld, M electron & majority carriers 3THdAd
3T holes & minority carriers 3THdId.

Vi) Stegt doping ;AT Ge crystal AT across potential
difference apply HAER free electrons © positive potential
end S move BT, b MG electric current dTg
AT, & current, &l negatively charged electrons H@' digd
3T T semiconductor AT n-type semiconductor 3
FRUTAT.

vii) ST n-type semiconductor T electrons o HE&AT g9
3T, T T net charge zero ST,

viii) BT case e impurity atom g+ Ge crystal ©T free
electron 3ol ST, FZITE@' AT impurity T donor impurity
3T UL,

ix) SR ErS n-type semiconductor @& pentavalently,
doped germanium ST,

p-Type semiconductor- (& UshIT=AT 31?5311375)-
i) Germanium e silicon & semiconductor &I AT,
M TR valence electrons STHAT.

qZeiedl bonds T St electron hole pairs 3IToT
trivalent dopant H% fioT Setelt holes =t T ST
3T, FﬂTﬂ@' p-type semiconductor T holes g majority
carriers 37UT electrons & minority carriers 3THdId.

viii) &l case e impurity atom T Ge atom g electron
accept °h¥dld, F\’JTEL@' @ impurity ©T acceptor impurity
FUTAT.

iX) F\’JTEI,% p-type semiconductor Bl trivalently doped
germenium 374 .

p-n junction (T RIT SIES #eq)- SE] p-type
semiconductor &l n-type semiconductor TS AT C“l'lT‘ﬁ,
T Il semiconductor T HEA common (THT)
contacting region ©l p-n junction ¥EUTdId.

Barrier potential (‘cha‘ ﬁﬁ‘lﬂ?l‘) Junction =T region e
FTE HIATI potential difference H@' electrons 3TITUT
holes = ‘E’F{ diffusion J@el ST, T potential 1T Barrier
potential 31 TEUIA. Electrons 37T holes =T diffusion
H@' junction =T STd5, ions AT TSh layer (UST) T Eﬁ?ﬁ,
@l ions AT layer Hé)_tf junction AT across potential

difference TTATOT grAT, TPt diagram YgI.

Depletion layer (7% BIUTRT / %Wt TUIRT &X)- Junction

1) 9HST, fag=n group Y element Indium (In) fepan
Aluminum (Al) Jr=T HTET AT impurity U7 Germanium
crystal qE add e, Impurity add IUITAT process Al
doping 3T TEUTAT,

iii) In e Al &7 elements T atom W& oF valence
electrons HCAIA, impurity atom AUl 9 valence
electrons & YSTREAT Ge atoms HHIGT valence electrons
SR covalent bonds FTATIT ST,

iv) In atom =T FAIEATe electrons T absence 3T,

=T oAl T free charges TEUSTT electrons ITOT
holes & disappear (315%) ga /| T gsfﬁTﬁ), TS
junction STISHl region &l free charge 'ﬂ@' deplete ﬁ?ﬁ,
FJ'IEQ'FQTW depletion layer 3T TEUTATd,
Depletion layer = width f& 0.4 um & 2 pm AT 7.
Electrons 31T holes & junction SMEATEAMT jons = TH
wall TFHT0T ST, Wl'ﬂ@' junction AT GIChil potential
difference THTOT 2.
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13.4 Propagation of EM Waves

Q.21 Draw a schematic structure of earth's
atmosphere describing different atmospheric
layers.

Ans: Structure of earth's atmosphere:
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Earth and atmospheric layers

Q.22 Draw a diagram showing different types of EM
waves.

Ans: Different types of EM waves:

Communication Satellite
i Sky wave

Transmitting

—

— —Receiving antenna

Surface wave

Ans: Ground wave propagation:

i) When a radio wave from a transmitting antenna
propagates near surface of the Earth so as to reach the
receiving antenna, the wave propagation is called
ground wave or surface wave propagation.

ii) In this mode, radio waves travel close to the surface
of the Earth and move along its curved surface from
transmitter to receiver.

11t (Physics)

iii) The radio waves induce currents in the ground and
lose their energy by absorption. Therefore, the signal
cannot be transmitted over large distances.

iv) Radio waves having frequency less than 2 MHz (in
the medium frequency band) are transmitted by ground
wave propagation.

v) This is suitable for local broadcasting only. For TV or
FM signals (very high frequency), ground wave
propagation cannot be used.

Q.25 Explain the concept of range of the signal.

Ans: Range of signal: The maximum distance over
which a signal can reach is called its range.

Range of the signal

i) For large TV coverage, the height of the transmitting
antenna should be as large as possible. This is the
reason why the transmitting and receiving antennas are
mounted on top of high rise buildings.

ii) Range is the straight line distance from the point of
transmission (the top of the antenna) to the point on
Earth where the wave will hit while travelling along a
straight line.

iii) Let the height of the transmitting antenna (AA’)
situated at A be h. B represents the point on the surface
of the Earth at which the space wave hits the Earth.

iv) The triangle OA’B is a right angled triangle.
From AOA’B,

(0A")? = A'B? + OB?

(R+h)? =d? +R? or

R? + h? + 2Rh = d? + R?

As h << R, neglecting h?

d = v2Rh

v) The range can be increased by mounting the receiver
at a height h’ say at a point C on the surface of the Earth.
The range increases to d + d’ where d’ is 2Rh’. Thus,
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