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the requirements of these Entrance Tests.

Heat and Temperature

Heal is a form of energy that is transferred between
two bodies or between adjacent part of a body or
between a system and its environment at different
temperatures.

When some heal is given to a body and its state does
not change, the temperature of the body rises and if
heat is taken from a body its temperature falls i.e.,
temperature can be regarded as the effect of cause,
heat.

Temperature is that property of a body which helps
us to decide the degree of its hotness.

Zeroth law of thermodynamics : If two systems
A and B are each in thermal equilibrium with a
third system C, then A and B will be in thermal
equilibrium with each other.

Scales of Temperature : Centigrade or Celsius (°C),
Fahrenheit (°F) and Kelvin (K), are commonly used
temperature scales.

» Relation between these scales

5 9 5
Although the temperature of a body can be raised

without limit, it cannot be lowered without limit
and theoretically limiting low temperature is taken
to be zero on the Kelvin scale.
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Boiling .|
water

Freezing

water

Fahreﬁheit Celsius Kelvin

Mathematically, heat supplied to the body, or heat
released by the body.

AQ = msAT

Where, m = masss of the body, s = specific heat of
the body and AT = change in temperature

The amount of heat required to change the state of
a body of mass s from solid to liquid at melting
point of the solid or from liquid to gas at boiling
point of the liquid is AQ = mL, where L is the latent
heat of the substance.

As AQ=msAT=s= AQ ,if  the substance
mAT
undergoes the change of state which occurs at

A
constant temperature (AT = 0), then s=— =00,
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Thus the specific heat of a substance when it melts
or boils al constant temperature is infinite.
Thermal or heat capacity of a body, H = ms

» Thermal capacity of the body and its water
equivalent are numerically equal.

» If thermal capacity of a body is expressed
in terms of mass of water, it is called water
equivalent of the body.

Heating curve of a body (state changes from solid to

liquid and liquid to gas)

When two substances at different temperatures
are mixed together, heat flows from the substance
at higher temperature to the substance at lower
temperature till a temperature is
reached. In this process, heat lost by one substance
= heat gained by the other substance, ie.,
my x5 (AT)) = my % 5, (ATy)

Joule’s mechanical equivalent of heat

common

mechanical work done (W)

" heat energy produced (H)
=427 cal™ =42 x 107 ergs cal™
» If Tis rise in temperature of a body of mass
on falling through a height k, then
J= i orT= sh
smT Js
»  When a block of ice of mass m melts on falling
through a height &, then

or h=£
mL g

7o 28

»  When a bullet of mass m moving with velocity
v is suddenly stopped, the entire KE of bullet is
convertad into heat, then

< i A

or T=—

smT 2]s
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% Thermal Expansion

Thermal expansion in solids is of three types

» Coeflicient of linear expansion
Increase in length

o=
Original length x Rise in temperature

Ly =Ly
o=—"—"—" or =Ly {1+ AT
Ly X AT lr=hy! .
» Coeflicient of area expansion
Increase in area

- Original area x Rise in temperature
Ar =4

P XAT

» Coeflicient of volume expansion

or Ap =Ag(1+PAT)

Increase in volume

- Original volume X Rise in temperature

TN ey ey 0 AT
= G =
V, XAT LN "V
» The three coefficients of thermal expansion are
related as ot = p 248
% 3
Eftect of thermal expansion

»  With increase in temperature volume of
substance increase while massremainsconstant,
therefore density should decrease.

, P
P = rvae ™ p(1 - v-AB)

»  When a solid whose density is less than the

density of liquid is floating, then a fraction of it

(if v-AB <<1)

remains immersed. This fraction is f P
P
When temperature is increased, p; and py

both will decrease. Hence, fraction may
increase, decrease or remain same. AL higher
temperature,

1+v,AD
¥=f (1 T Zi & 6]; A = increase in temperature
I+ » v, then > for immersed fraction will
increase.

»  When a solid whose density is more than the
density of liquid is immersed completely, then
upthrust will act on 100% volume of solid and
apparent weight appears less than the actual
weight.

W,

app = W I3
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Here, Fy = Vipig

With increase in tlemperature, V, will increase and

p; will decrease, while g will remain unchanged.

Therefore upthrust may increase, decrease or

remain same.

>  With increase in temperature, length of
pendulum will increase. Therefore time period
will increase. A pendulum clock will become
slow and it loses the time.

At some higher temperalure,
1

= 1
T'=T(1+0AB)” or T'= T(l +20LA9J ({foAD << 1)
AT =(T"-T) =%TOLA9
Time lost during time interval {is Af = T xt

» If temperature of a rod fixed at both ends is
increased, then thermal stresses are developed
in the rod.

Thermal stress = YoAS; Y= Young’s modulus of rod

Heat Transfer
Rate of flow of heat across the material of a solid
block between parallel face is

‘“?:_KA(”J
dt dx

Where A s slab,

area of cross-section of

—— = lemperature gradient and K = coeflicient of

dx
thermal conductivity of the solid.

KA(L=T,)

X

In steady state, heat flow Q =

Rate of heat flow = Heat current

dQ Temperature difference

= _4
dt Thermal resistance
#» Thermal resistance, Ry= 51 o B
dQidt KA
Conducting slabs in series
T T,
% %, X3 (T) > 13)
Ky K Ks
AT T
Q - 'xl xZ 'x3
Kl KZ K5
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»  Equivalent thermal conductivity (K)

d (B %, % L
K \K K, K, +x,+x,)
(2x,)

=2

Conducting slabs in parallel

L=T
Q=(K\A +K A, +K A )| Z—2 |t

In general, K =

» Equivalent thermal conductivity

KA+ K, + A, + KA
K21 1A 2A 2A 323 Ky, Ay
1T AT A n| K4 |
KA
In general, K =! Ko ds
TA —x—
Time taken in growth of ice layer (from thickness
. i
X, to x,) on water surface is t=p—(x% - x5

T = temperature of atmosphere.
» 'The time interval to change the thickness from

0 to x, from x to 2x and so on will be in the ratio
Aty vt s AL i1 1305,

Radiation
All objects emit radiations simply because their
temperature is above absolute zero, and all objects
absorb some of radiations.
The intensity of radiation is inversely proportional
to the square of distance of point of observation
form the source (i.e., I = 1/d%).
When a body is heated, all radiations having
wavelengths from zero to infinity are emitted.
Radiations of longer wavelengths are predominant
al lower temperature.
. energy absorbed
Absorptive power g =————
energy incident
- a < 1forordinary body
- a=1for perfectly black body
Spectral absorptive power a), = absorptive power of
wavelength A.
- a; < 1for ordinary body
- a; =1 for perfectly black body
Emissive power : Energy radiated per unit area per
unit time is called emissive power of a body.
Stefan’s law : Emissive power of a body is given by,
E=ecT!
Here e = emissivity
e=<1ande=1 fora perfectly black body
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» Total energy radiated by a body,
Q=ecT*At
Here, A = surface area of body, T= temperature
of body, t = time & = Stefan’s constant.
» Net emissive power of a body
E = emissive power — absorptive power
st <)
Kirchhoff’s law : If different bodies (including a
perfectly black body) are kept at same lemperature,
then emissive power is proportional to the
absorplive power.

e
e, s<a, or —=constant
a;\.

e € €
ak Body-1 ak Body-2 al Perfectly blackbody

» Good absorbers of a particular wavelength A
are also good emitters of same wavelength.

» At a given temperature, ratio of ¢; and a;_for
any body is constant. This ratio is equal to e of
pertfectly black body at that temperature.

Wien’s Displacement law
£

—
1
A, e - or AT =Constant = Wien’s constant (b)

Here, b = 2.89 x 10~ mK

Further, area of this graph will give tolal emissive
power which is proportional to T*.

Cooling of a body by radiation

» Rate of cooling

» Newton’s law of cooling : If temperature
difference of a body with atmosphere is small,
then rate of cooling is proportional to the
temperature difference.

» If body cools by radiation according to this
law, then temperature of body decreases
exponentially.

In the figure,

T; = initial temperature of

body iy
T, = temperature of T}-.... ===
surrounding.

Temperature at any time ¢
can be written as,
T=T+ (I: — TO)(“ : k = constant

» If body is cooling according to this law then to
find temperature of a body at any time £, we will
have to calculate e . To avoid this, youcan use
a shortcut approximate formula given below

L~ ) T1+T2_T '
t 2 !

» Ifln(T - T,) be plotted against 4
t, then the equation assumes
the form y = mx + ¢; where
m = -k and C = In{T, - T)

1n(T - Ty)

N

Q —»
This is a straight line with negative slope.

If Qemission > Qabsorption — temperature of body

decreases and consequently the body appears

colder.

If Qemission < Qabsorption —> temperature of body

increases and il appears holter.

_d_T =2 eAc (T4 _ T4) 1 d_T a (T4 _ T4) It Qemission — Qabsorption — lemperature of bOdY
dt s ! dt g remains constant (thermal equilibrium).
= Gas Law’s
Name of law | Constant terms Basic concept Graph
Boyles law (i) Mass of gas | PV = constant 3 2
(i) Temperature | Ve<1/P
BV =PV, X
v v
Charle's law (i) Massofgas |V/T =constant; VeeT|) r
(ii) Pressure v _ Y. Gope=Vio
I 1T TK) £ #oC)
Vi=Vo(1 + o) {at — volume expansion coeflicient = 1/273 el
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Gay-Lussac’s law

(i) Mass of gas

(i) Volume e P

£
P,=Py(1 + Bt)

P/T = constant; Pe<T

P P
/ .islope =P,B
T(K) H°C)

(B — pressure expansion coefficient = 1/273 °C™1)

-273°C

Avogadrd’s law : At same temperature and pressure
equal volumes of all gases contains equal number
of molecules.

N, =N,;if P, Vand T are same.

Dalton’s law : According to this law, the pressure
exerted by a mixture of several gases equals the sum
of the pressure exerted by each component of gas
present in the mixture i.e., Ppj=P; + Py + Py ...,

P=(E)n=>PM o< H
V

RT
=7(nl+n2+n5+ ....... 3

mix

Grahm’s law of diffusion : According to this law, at
same temperature and pressure, the rate of diffusion
of gases inversely proportional to the square root of
the density of gas i.e.,

1
Rate of diffusion #, ec—

Je

Also, v__ee SO Yy ©2 1y

ﬁ)
Kinetic Theory of an Ideal Gas

Pressure of an ideal gas inside the container

1mN , 1 ,
= Vrms =7pvrms
3V 3
Where, m = mass of each molecule, N = total

number of molecules, V' = volume of container or
total volume of gas, p = density of gas, vy, = root
mean square speed of the gas.

Various types of speeds of gas molecules

» Root mean square speed,

o= [P [RT_ T
rms p M m

Here, M = molar mass of the gas

»  Most probable speed

. [P [T
o P M m

»  Average speed

o < [P [ERT _ [5RT
“Nop YoM Nom

Kinetic energy of gas (internal energy)

» Translatory kinetic energy
1 3
E.==Nmv. ==PV
2 2
Total internal energy of an ideal gas is kinetic.

»  Energy per unit volume or energy density (Ey)

TotalEnetgy E 1 , 3
1 =7=—=—p"|}rmS =—P
Volume v 2 2
»  Molar K.E. or Mean Moelar K.E. (E) : KE. of N
molecules

E=%RT=%NkT (R = Nk)

»  Molecular kinelic energy or mean molecular

K.E.(E) : K.E. of a gas molecule
B - -

= grif =EE=>E=EICT
N 2 N 2
Degree of Freedom

The number of independent ways in which a

E=

molecule or an atom can exhibit motion is called

its degrees of freedom.

The number of independent coordinates required

to specify the dynamical state of a system is called

its degrees of freedom.

The degrees of freedom are of three types :

» Translational degree of freedom : Maximum
three degree of freedom are there corresponding
to translational motion.

» Rotaltional degree of freedom : The number of
degrees of freedom in this case depends on the
structure of the molecule.

» Vibrational degree of freedom : Tt exhibits at
high temperature.

PHYSICS FOR YOU |
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Degree of freedom for different gases depends on atomicity of gas.

Atomicity of gas Translational | Rotational | Vibrational | Total | Graphically
Monatomic 3 0 0 3 ¥,
e.g., He, Ar, Ne, Tdeal gas etc
X
z
Diatomic 3 2 0 & .
e.g, Ha Oy, Cly, Nyete
zZ X
Triatomic (linear) 3 2 2 7 )‘}L
- otr . e.g., CO,, Gy, O:C:O—xb
olyalomic
2
Triangular 3 3 0 6 ¥
(non-linear)
e.g., HyO, Oz etc »

Relation between degree of freedom and specific

heat of gas.

» Energy of one mole of gas related with each
degree of freedom = RT/2

» Energy of one mole of gas related with all
degrees of freedom = fRT/2

» Energy of each molecule of gas related with all
degrees of freedom = fkT72

» Internal energy of one mole of ideal gas (total

KE) U= fRT/2 (AU=fRAT/2)
i, :ﬂ;cv :iR:i;cP =Gy +R—[f+1]R
AT 27 -1 2
€
ol ST ST S,
Y_l CV f f

# Real Gas Equation

[16)

Van der waals equation :
na

(P +FJ(V —nb)=nRT [for n - mole]
where a and b are Van der waal’s constant
Critical parameter :(P,, V., T))
Pt 122 v 3

£27 " 27 Rb
Approximate ideal gas law
PV =nRT = NKT
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Here, n = number of moles, N = number of
molecules, k= R/Ny

Mixture of Non Reactive Gases
?’1:?’11+?’12 .P:P1+P2
U: U1+U2 L] AU:AU1+AU2
nC, +n,C nC, +nC
V=M ® P=1P1 2PZ=CV+R
m+n, n t,
€ b 1, 1,
¥Y=—o0r = +
C,  y-1 vy, -1 wv,-1
Mr=r.!1M1+rt2M2
n +n,

Thermodynamic System and Process

A thermodynamic system can be described by

specitying its pressure (P), volume (V), temperature

{T), internal energy {I7) and the number of moles

{n).

The relation between the thermodynamic variables

(P, V, T) of the system is called equation of state.

»  For nmoles of an ideal gas, equation of state is
PV =nRT

Thermodynamics system may be of three types :

»  Open system : It exchanges both energy and
malter with the surroundings.

»  Closed system : It exchanges only energy (not
malter) with the surroundings.



» Isolated system : It exchanges neither energy
nor malter with the surroundings.

& Work Done

Mathematical method : AW = PAV
- W :IVE PV
"

»  IfPconstant, W=P(V, - V) = nR(T, - T})
»  If Vconstant, W=20
» If Tconstant, W = 2.303 nRT log; o(Vo/ V1)
= 2303 nRT logy(Py/P;)
»  If Q constant, W= nR({T; - To)fy - 1
=PV -P V)i -1
Graphical method :

»  Work done = Area
enclosed between P - V'
curve on V axis

Area
=work done

> Sign concept for work done :

~ IfvT = dV=+ve= expansion of gas
AW = (+ve) = work done by the system.

Different types of thermodynamics processes

— IfVl= dV=—-ve= Compression of gas
AW = (—ve) = work done on the system.
»  Sign concept for heat :
— Tfheat given to system or heat absorbed by
the system AQ = +ve
— If heat rejected by system or heatl evolved
by the system AQ = -ve
» Sign concept for internal energy : Oblained by
difference of (AQ - AW)
— IfdU(+ve)=then U T
— IfdU(-ve)=then Ul
First law of thermodynamic is based on energy
conservation, AQ =AW + dU
Heat and work both are path dependent so they
called unexact differential parameter.
Internal energy is a point function or state function,
Internal energy only depends on initial and final
state of system so it is called exact differential
parameter.

Basic Point Isochoric Isobaric Isothermal Adiabatic
Constant Volume Pressure Temperature Heat
parameter
Equation of state |Pec T Ve T PV = constant PV = constant, TV"" = constant
PTY = constant, Pp~¥ = constant,
Work done AW=zero AW=FPAYV
= nRAT |AW =2.303nRTlog,, Y AW = ol I 1
Vi y-1 ¥=1
Applied to first  [AQ=dU  |AQ#0, AU—GAQ= AW AQ=0,AW=-AU= —nCyAT
law o.f thermody- G AT AW £,
namics AU=Q
AQ = ;.LCPAT;
dU= WCyAT
P-Vdiagram 1y 6=90°
6=10"
90°
V| ——»V
Slope of PV graph |Slope = Slope = Slope = dP/dV =-P/V  |Slope = dP/dV = -yP/V
dP[dV =co |dP/dV =0
Specific condition |Closed Constant (i) Conductive vessel (i) Non-conductive vessel/insulated
conlainer  |pressure (ii) slowly process vessel
{(Open (ii) Rapidly/fast/sudden process
container)

& Second Law of Thermodynamics

¢ Kelvin Plank’s statement : Tt state that in cyclic
process total heat can not be converted into

mechanical work.

Claussius statement : Tt is impossible to have net
heat flow from a low temperature body to a high
temperature body.

Carnot’s theorem : This theorem states that
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be greater than or equal to efficiency of a reversible b=

heat engine provided both work between same heat .
— o Refrigerator: It is just opposite to a heat engine.

» In refrigerator, heat is absorbed from a cold
body and some external work is to be done
on refrigerant and the total heat is given out at
higher temperature source.

» The coefficient of performance (C.O.R) is

efficiency of any irreversible heat engine can not Q i
n= 2 1% 100%= 1—?2 % 100%

1

s Heat engine : Main elements of heat engine
» Heat source at temperature T; = Heat reservoir
»  Working substance
> Sinkat low temperature T, = Cold reservoir

Heat source reciprocal of efficiency and for refrigerator it is
at higher temperature T) K better to work out with its C.O.P.
Heast source
Q) o= T {Heat Given) < wt higher temperature T) K
jectad,
(T > ) W{By system) B v Refecind)
=
i output Wien )
(), #= T, (Heat Rejected) (1> 7§ @y (hest sbaor
4 Sink Cold bodysink - Refrigerator
- Y.

at lower temperature T, K

Q,(Heatabsorbed from cold body)

_ C.O.P.(B)=
Q=Q+W ® Wi(Mechanical work on refrigerator)
Efficiency nzﬂzﬁzﬂ C.O.P.:&:L
Q Q 5 Q= Q, Tl - T;
CLASSROOM
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SPEED§fDRA CTICE

A cylindrical metallic rod in thermal contact with two
reservoirs of heat at its two ends conducts an amount
of heat Q in time ¢. The metallic rod is melted and the
material is formed into a rod of half the radius of the
original rod. What is the amount of heat conducted
by the new rod, when placed in the same thermal
contact with the two reservoir in time £ ?

@3 ®32 ©220 @3

A piece of blue glass heated to a high temperature
and a piece of red glass at room temperature, are
taken inside a dimly lit rcom, then

(a) the blue piece will look blue and red will look
as usual

red looks brighter red and blue looks ordinary
blue

(c) blue shines like brighter red compared to the
red piece

both the pieces will look equally red.

(b)

(d)
A sleel scale measures the length of a copper rod as
80 ¢m when both are at 20°C, the calibration
temperature for the scale. The scale read for the length
of the rod when both are at 40°C is (Given, o for
steel = 11 x 107°°C™! and et for copper = 17 x 1076 °C™)
(a) 97.0956cm (b)Y 80.0096 cm

(c) 89.0096 cm (d) 92.23cm

If the ratio of specific heat of a gas at constant
pressure to that at constant volume is ¥y, the change
in internal energy of a mass of the gas, when the
volume changes from Vto 2 V at constant pressure
P, is

PV R P
ff . =

G-p O e WD

A reversible engine converts (1."6)th of the heat into
work. When the temperature of the sink is reduced
by 62 K, the efficiency of the engine is doubled. The
temperatures of the source and sink respectively are
(a) 95°Cand 47°C  (b) 80°C and 37°C

(6) 99°Cand 37°C  (d) 90°C and 47°C

A thermally insulated vessel contains an ideal gas

of molecular mass M and ratio of specific heatsy. Tt
is moving with speed v and is suddenly brought to

10.

11.

12,

13.

rest. Assuming no heat is lost to the surroundings,
its temperature increases by

(Y_l) 5, (Y_l) i
@ Frpr™ O M
My? =1
@ T - ; (@ Lz R)Mv2

The average translational energy and the rms speed
of molecules in a sample of oxygen gas at 300 K
are 6.21 x 102" J and 484 m s7' respectively. The
corresponding values at 600 K are nearly

(a) 1242%x 10 Jand 968 m s~

(b) 878 x 107* Jand 684 ms~!

() 621x10*Jand968 ms "

(@) 1242%x 10 Jand 684 m s

The Wien’s displacement law express relation between

{a) wavelength corresponding to maximum energy
and temperature

{(b) radiation energy and wavelength

(c) temperature and wavelength

{d) colour of light and temperature.

At what temperature is (1/2)kpT equal to minimum
rotational energy permitted for a hydrogen molecule?
(1) 87K (b) 92K (c) 8K (d) 98K

A polyatomic gas with » degrees of freedom has a
mean energy per molecule given by

nkT nkT nkT

3kT
Wy Wy By WYy

10 g of ice cubes at 0°C are released in a tumbler
{(waler equivalent 55 g) at 40°C. Assuming that
negligible heat is taken from the surroundings, the
temperature of waler in the tumbler becomes nearly
{L=80cal g’l)

(a) 31°C  (b) 22°C (o) 19°C (d) 15°C

A piece of lead is dropped from an aeroplane at a
height of 200 m. If 60% of the striking energy is
converted into heat, then the rise in temperature is
{(specific heat for lead is 127.7] kg_l Y

(a) 92K (b) 98K (c) 127K (d) 114K

The molecules of a given mass of a gas have rms
velocity of 200 m s~ at 27°C and 1.0 x 10° N m™*
pressure. When the temperature and pressure of the

19)
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14.

15.

16.

17.

18.

20

gas are respectively, 127°C and 0.05 x 10° N m™,
the rms velocity of its molecules in m s is

100\/_ 100 400

a

[NEET Phase I 2016]

Two identical bodies are made of a material for
which the heat capacily increases with temperature.
One of these is at 100 °C, while the other one is at
0 °C. If the two bodies are brought into contact,
then, assuming no heat loss, the final common
temperature is

{a) 50°C (b) more than 50 °C

{c) less than 50 °C but greater than 0 °C

(dy 0°C [NEET Phase II 2016]

A body cools from a temperature 3T to 2T in
10 minutes. The room temperature is T. Assume
that Newton’s law of cooling is applicable. The
temperature of the body at the end of next
10 minutes will be

(@) %T (®) %T

(a) (©) 10032 (d)

© 3T @7
[NEET Phase I1 2016]

The temperature inside a refrigerator is {, °C and

the room temperature is #; °C. The amount of heat

delivered to the room for each joule of electrical
energy consumed ideally will be

t t; +273
(a) L () T—
b=ty i)
ty+273 to+t
d 1 2
[NEET Phase 1 2016]

A pendulum clock loses 12 s a day if the temperature
is 40°C and gains 4 s a day if the temperature is
20°C. The temperature at which the clock will
show correct time, and the co-efficient of linear
expansion (&) of the metal of the pendulum shaft
are respectively
(@) 25°C;ot=185x107°°C™"
(b) 60°C; o= 1.85 x 10 *°C
(c) 30°C;o=185x 107 °C!
(d) 55°C; o= 1.85 x 1072 °C"!

[JEE Main Offline 2016]

An ideal gas undergoes a quasi static, reversible
process in which its molar heal capacity C remains
constant. If during this process the relation of
pressure P and volume Vis given by PV" = constant,
then #1s given by (Here Cpand Cy are molar specific

PHYSICS FOR YOU |

19.

20.

heat at constant pressure and constant volume,
respeclively)

CP _C_CP
@ n=g? ®) n=gog
Cp —€ G-
() jaa- = ) e

[JEE Main Offline 2016]

‘n’ moles of an ideal gas
undergoes a process
A — B as shown in the

figure. The maximum
temperature of the gas :
during the process will ; ; >
be Vo 2vp V
9BV, 3B,V 9BV, 9BV,
WY o O&GR Y
[JEE Main Offline 2016]

200 g water is heated from 40° C to 60°C. Ignoring
the slight expansion of water, the change in its
internal energy is close to (Given specific heat of
water = 4184 J kg ' K1)
(a) 1674k (b) 84k (c) 42k (d) 167k

[JEE Main Online 2016]

SOLUTIONS

1.

(b): A’ = Afdand ' = 4]
@ At 11 1 . Q
Q Al 44 16" 16

(¢): According to Stefan’s law, E e T*
As the temperature of blue glass is more than that of
red glass, so it will appear brighter than red glass.

(b): 1 cm length of steel scale at 40°C

—Tem+ 1% (11 % 107%)(40 - 20) cm = 1.00022 cm
Length of copper rod at 40°C

—80cm + (80 x 17 x 10°%) (40 — 20) cm = 80.0272 cm
Number of division on the steel scale

_ 80.0272em o
T 1.00022cm
Length of the rod = 80.0096 cm
é Gy =6
(@): As =£ =y . LV _y1
CCV @ “
R
p ey &
or Cy= v—1 _'Y—l
RAT
Now AU = nC AT= © ('+ PAV = nRAT)
PRV -V
s g PAY ( )= PV
=1 =1 =1



T, 1 T.
(©:Asn=1--2, —=1--2;1T T.
1 6 h :
11 13
Also,n' = 2x— ==
so, N’ = Xe=% Tl,
1 (T, —62) 1 (T —-62)
or —=l-—"—— or ==
3 T 3 (6/5)T2
Hence, T, = 310 K= 37°C
Also, Ty = gTzz g x310 K= 372K =99°C
(d): Loss in KE of the gas = %mvz
Heat gained by gas = nCVAT
Emv = ?’ICVAT— ﬁ 'YiAT
B
AT= ———
2R

(d): Average translational energy o< temperature.
Thus, when temperatureisdoubled, average translational

energy becomes double, ie, 12.42 x 1078 ].
Further, as vy o< JT; when T becomes 2 times

of its previous value, v, becomes V2 times of its
previous value, ie.,

2 x484mst=684ms

(a) : Wien'sdisplacement law states that the product
of absolute temperature and the wavelength at
which the emissive power is maximum is constant
i.e. Apax T = constant. Therefore it expresses relation
between wavelength corresponding to maximum
energy and temperature.

(a) : Kinetic energy of rotation = %Ioo2
(o) I -
N = (as L = I»)

1
For - kpT to be equal to minimum rotational energy,
2 2

1 ; g2

—kpF="min o pigimin ¢
Rl = o T= M
From quantum mechanics,

(- =2i =104 kg m?s7 (i)

In case of hydrogen molecule
I=2mR,m=167%x10"kg, R=5x10""m
Thus, I = 2(1.67 x lo- 27)(5 % 107" kg m*
=83 %107 ¥ kg m?
From eqns. (i), (ii) and (iii),
(10734)2

(1.38x1073)(8.3x10748)

(i)

=87K

10.

11.

12.

13.
14.

15.

(c) : According to law of equipartition of energy,
the energy per degree of freedom is %kT. For a

polyatomic gas with ndegrees of freedom, the mean

energy per molecule = %nkT.

(b): Let the final temperature be T.

Heat required by ice = mL + m x s x (T - ()
=10x80+10x1xT

Heat lost by water = 55 x (40 - T)

By using law of calorimetry,

heat gained = heat lost; 800 + 10T =55 x (40 - T)

= T=21548G=22°C

(a) : We are given, h =200 m, ¢ =127.7] kg1 Bl

Let m be the mass of the piece of lead.

Potential energy of the lead piece = mgh

Since 60% of the potential energy is converted into

heat, heat produced = (60/100) x mgh = 0.6 mgh.

If AT is the rise in temperature, then

heat gained by the piece = mcAT

Assuming that there is no loss of heat,

heat gained = heat produced

or  meAT=0.6 mgh

g 068 06x98x200
o, N s 1277
(d)

{b): Since, heal capacity of material increases with
increase in temperature so, body at 100 °C has
more heat capacity than body at 0 °C. Hence, final
common temperature of the system will be closer to
100 °C.

T > 50°C
(b): According to Newton's law of cooling,
dT
—=K(T-T,
dt (T-1)
dr
For two cases, — % 4 =K(T,-T) andd—t2 =K(T, -T,)
Here, T.=T1, T) = 3T+2T=2_5 4
dh, 37-2T T
dt 10 10
/’ dT _ /,
g AT T 21T
dt 10
So, L oK@5T-T) (1)
" 0 :
i ! ,
=K(2T+T —Tj . (i)
10 2
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16.

17.

22

Dividing eqn. (i) by eqn. {ii), we get

T (25r-T)
2r-T (2T;T _T)

=302T-T") or, 4T =6T ..

(b): Temperature inside refrigerator = ¢, °C

Room temperature — t; °C
For refrigerator,

Heat given to higher temperature (Q;)

"

Heat taken from lower temperature (Q,) - T,

Q _H+273
Q, t,+273
_f+273
- @ or, ¥

r1 _r2
4 +273

The amount of heat delivered to the room for each

joule of electrical energy (W=1T7)
£ +273

=ty

1=

(a): Time period of the pendulum clock at

temperature € is given by

( 1’ (Hae)_z ((Hoc@)z

Ty~ To(l+ oee)

D)

Assume pendulum clock gives correct time at

temperature 9

1
Teo = TO (1+20(.80)

At 8=40°C > 8 as clock loses time.

AL 0 = 20°C < Oy as clock gains time.

From equations (ii) and (iii), we get
] =—o(40 - 90)
T, 2

or 12s=0of40 -6y (12 h)
From equations (ii) and (iv), we get
Tg, =Ty
T
or, 4s=0aB;-20)(12h)

1
=—qa{B, - 20
5 (8y —20)

PHYSICS FOR YOU |

...(ii)

(i)

.(iv)

V)

ol

18.

19,

20.

From equations (v) and (vi), we get
3(80 == 20) — (40 *80)
380+80:40+60

100
B, = =25°C
4
From equation (vi), 4 s = (25 — 20)(12 % 3600 s)
_ 4
5x12 %3600

{b): Here, PV" = constant

or, PnV"'dv+ V'dP=0

or, nPdV-=-VdP

Also, from ideal gas equation PV =

=1.85x1072¢eC !

nRT

PdV + VAP = nR dT or PdV —nPdV = nRdT
o, PdV=anT
(1-n)
Also, dQ =dU + dW = nCdT = nCydT + PAV
nCAdT =nCydT + Higgl
(1-n) g
o, C=Cy+—— orn (l-n)=
(1=n) =Cy,
C—{Cy +R -
o, n=1-= . = (V )=C Cp
) C-=C, ©=Cy
{(a) : Equation of line AB is given by
= e (x—2xp)
X2 —X
285, =P
P-p=—2"L(v-2vy
£ By st
or P=-—V+3E o, PV=—?V +3F,V

0 0
P
or nRT=--2V?+3pV
7
0

1{ P
or T=—|-""v?43pV {0
nRk Vi

For maximum value of T, ar =0
P, av_ 3
or —V(V)+3P =0 .~ V=1V,
A 2
So, from equation (i)

L( B 9,29
T =—1| ——x—-Vy+-L,V,
max HR( VO 4 0 ) 0 0]
{d): For isochoric process, AU= Q= ms AT
Here, m = 200 g = 0.2 kg, s= 4184 | kg™t K
AT=60°C -40°C=20°C=20K
AU=02x4184%x20=16736] = 167 K]

*®
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Oscillations and Waves

GENERAL INSTRUCTIONS

0]
(i)

All questions are compulsory.

Q. no. 1to 5 are very short answer questions and carry 1 mark each.

(iif) Q. no. & to 10 are short answer questions and carry 2 marks each.

{iv)
()
(vi)

Q. no. 11 to 22 are also short answer questions and carry 3 marks each.

Q. no. 23 is a value based question and carries 4 marks.

(. no. 24 to 26 are long answer questions and carry 5 marks each.

(wif) Uselog tables if necessary, use of calculator is not allowed.

WAY o

Time Allowed : 3 hours
Maximum Marks : 70

SECTION-A

1.

What change in mass is required to double the
frequency of a harmonic oscillator?

Why is a loud sound heard at resonance?

If an explosion takes place at the bottom of a lake,
will the shock waves in water be longitudinal or
transverse?

How does the frequency of a tuning fork change,
when the temperature is increased?
The length of a string tied to two rigid supports is

40 cm. What is the maximum wavelength of the
stationary wave produced in it?

SECTION-B

6. Show that the motion of a particle represented by

3= sin @t - cos wt is simple harmonic with a time
period of 2n/w.

The length of a second’s pendulum on the surface of
earth is 1 m. What will be the length of a seconds
pendulum on the moon?

8. A wire stretched between two rigid supports

10.

vibrates in its fundamental mode with a frequency
of 45 Hz. The mass of the wire is 3.5 x 107 kg and
its linear mass density is 4.0 x 10~ kg m™%, What is
(a) the speed of a transverse wave on the string, and
(b) the tension in the string?

What are the differences between stationary waves
and progressive waves?

OR
Whyisa tuning fork used asa standard oscillator? On
what factors does the pitch of a tuning fork depend?

A body of mass m is situated in a potential field
Ulx) = Uy (1 - cos ax) where Uy and o are constants.
Find the time period of small oscillations.

SECTION-C

11.

Figure (a) showsaspring of force constant k clamped
rigidly at one end and a mass m attached to its free
end. A force F applied at the free end stretches the
spring. Figure (b) shows the same spring with both
ends free and attached to mass m at either end
Each end of the spring in figure (b) is stretched by
the same force F.
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12.

13.

14.

15.

16.

24

AN RSN

(i) What is the maximum extension of the spring
in the two cases?

(i) If the mass in figure (a) and the two masses in
figure (b) are released, what is the period of
oscillation in each case?

A pipe 20 cm long is closed at one end. Which
harmonic mode of the pipe is resonantly excited
by a 430 Hz source? Will the same source be in
resonance with the pipe if both ends are open?
{Speed of sound in air is 340 m s7h.

A train, standing at the outer signal of a railway
station blows a whistle of frequency 400 Hz in still
air. The speed of sound in still air can be taken as
340m s
(i) What is the frequency of the whistle for a
platform observer when the train
(a) approaches the platform with a speed of
10ms'?
(b) recedes from the platform with a speed of
10ms'?
(ii) What is the speed of sound in each case?

Two simple harmonic motions are represented by
the equations:

y, =10 sin g (12¢ + 1), y, = 5(sin 37t + 3 cos 3m)

Here y; and ¥, are in cm and ¢ is in second.
Find the ratio of their amplitudes. What are time
periods of the two motions?

A simple pendulum is hung in a stationary lift and
its periodic time is T. What will be the effect on its
periodic time T'if

(i) the lift goes up with uniform velocity v,

(ii) the lift goes up with uniform acceleration a, and
(iii) the lift comes down with uniform acceleration a?

Use the formula v = ’E to explain why the speed
P

of sound in air
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20.

21.

22

(i) isindependent of pressure,
(ii) increases with temperature,
(iii) increases with humidity.

. State the principle of superposition of waves.

Distinguish between conditions for the production
of stationary waves and beats.

. Show that for small oscillations the motion of a

simple pendulum is simple harmonic. Derive an
expression for its time period. Does it depend on
the mass of the bob?

On a quiet day, two persons A and B, each sounding
a note of frequency 580 Hz, are standing a few
metres apart. Calculate the number of beats heard
by each in one second when A moves towards B
with a velocity of 4 m s

{(Speed of sound in air = 330 m s1)

A spring balance has a scale that reads from 0 to
50 kg. The length of the scale is 20 cm. A body
suspended from this balance, when displaced and
released, oscillates with a period of 0.6 s. What is
the weight of the body?

The patternsof standing waves formed ona stretched
string at two instants of time are shown in figure.
The velocily of two waves superimposing to form
stationary waves is 360 m s™' and their frequencies
are 256 Hz.

2esof L b
.L;“f:?.// \\.:__//: \\_:/ xlinm)
o

{i) Calculate the time at which the second curve is
plotted.

(i) Mark nodes and antinodes on the curve.

(iii) Calculate the distance between A" and C”,

OR

A horizontal springblock system of mass M execules
simple harmonic motion. When the blockis passing
through its equilibrium position, an object of mass
m is put on it and the two move together. Find the
new amplitude and frequency of vibration.

Discuss first three modes of vibration of a closed
organ pipe.



SECTION-D

23

Rohit was a good football player. But since last few
days he was getting pain in his stomach. His parents
took him to a doctor who examined him and asked
him to get an ultrasound done to detect the exact
cause. Rohit was afraid of ultrasound scanner
and refused to get it done. His parents made him
understand that the scanner uses ultrasonic rays
which go inside and detect any problem inside the
body. So he got it done and the scanner showed that
he has small tumour in his stomach and that has
to be operated as early as possible. Doctor operated
him off the tumour and after a month he became
fine again.
Answer the following questions based on above
information :
(i) What are the values shown by Rohit's parents?
(ii) On which principle does the ultrasonic scanner
work?
(iii) It the ultrasound uses the operating frequency
of 4.2 MHz, the speed of sound in the tissue is
1.7 km s™'. What is the wavelength of the sound
in tissue?

SECTION-E

24. A cylindrical piece of cork of base areca A and

height /i floats in a liquid of density p;. The cork is
depressed slightly and then released. Show that the
cork oscillates up and down simple harmonically
with a period

h
T=2m ,
Vpu‘l

where p is the density of cork. (Ignore damping due
to viscosity of the liquid).

OR
A mass attached to a spring is free Lo oscillate, with
angular velocity @, in a horizontal plane without
triction or damping. It is pulled to a distance x;
and pushed towards the centre with a velocity v, at
time £ = 0. Determine the amplitude of the resulting
oscillations in terms of the parameters @, xgand v,

5. Find the total energy of the particle executing

SHM and show graphically the variation of potential
energy and kinetic energy with displacement in SHM.

OR
Explain the formation of beals analytically. Prove

that the beat frequency is equal to the difference in
trequencies of the two superposing waves.

26. Derive Newton's formula for the speed of sound

in a gas. Why and what correction was applied by
Laplace in this formula?

OR

Explain why (or how) :

(i) in a sound wave, a displacement node is a
pressure antinode and vice versa,

(ii) bats can ascertain distances, directions, nature
and sizes of the obstacles withoul any eyes,
(iii) a violin note and sitar note may have the same
trequency, yet we can distinguish between the

two notes,

(iv) solids can support both longitudinal and
transverse waves, but only longitudinal waves
can propagate in gases, and

{v) the shape of a pulse gets distorted during
propagation in a dispersive medium.

SOLUTIONS

1

The time period (T) of a harmonic oscillator
{amassattached toa spring) is givenby T= 2k,
where ks the force constant of the spring. If v is the
frequency of the harmonic oscillator,

or Docl,/\/;

Thus, to double the frequency of the oscillator, the
mass should be reduced to (1/4)th of its original
value.

¥ 1

:?:Zn m

At resonance, a compression falls on a compression
and a rarefaction falls on a rarefaction. On account
of this, the amplitude of the vibraling particles
increases. Since the intensity of sound is directly
proportional to the square of the amplitude of the
vibrating particles, hence maximum sound is heard
at resonance position.

An explosion in a lake generales shock waves in
waler thereby resulling in a tremendous increase
in pressure in the medium (water). A shock wave
is thus a longitudinal wave travelling at a speed
which is greater than that of a longitudinal wave of
ordinary intensity.

As the temperature increases, the length of the
prong of the tuning fork increases. This increases
the wavelength of the stationary waves set up in the
tuning fork. As frequency, v oc 1/X, so frequency of
the tuning fork decreases.

PHYSICS FOR YOU |

25)



T ; A
When the string vibrates in one segment, L = 5

A=2L=2%x40cm=80cm

(GGiven,

y = sin f — cos ®f

- -

1 . 1
—=s8inmf ——=cosmf

N

T . .
= \E Cos—sinmf —sin—cosmf
4 4

i —\Esin(mt —gj

Hence, (sin of - cos wt) represents SHM.

Again,

y—ﬁsin(mt—%} =

= sin{m(t 1 20 —’1
w

ﬁsin(mt —%%— 2%}

4

Hence, time period of SHM is 2m/wm.

For second’s pendulum, T=12s

!

’l
v T=2n— = 2=2x i - —:%:constant
£ 4 £ 1

!

moon _

ngOﬂ

= Imoon = learth[gmoonj =% ==

learth

Learth

Zearth

1
m

A
6 6

Here, v=45Hz, M=35x 10" kg;
mass/length =1 = 4.0 x 107" kgm ™

M 35%107% 7

T m
uoo20x10* 8

As wire vibrates in its fundamental mode

X 7

=il

2 8

kzzm:1.75m
4

The speed of the transverse wave, ¥ = UA
= 45x175=78.75ms -

(b) AS, [:_F
U

T=v'xpu=(7875%%x4.0% 107 = 248.06 N

Difference between stationary and progressive

waves

Stationary waves

Progressive waves

(i)

The disturbance
remains confined to
a particular region,
and there is no
onward motion.

The disturbance
travels forward,
being handed over
from one particle to
the neighbouring
particles.
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11.

(ii) | There is no transfer | Energy is
of energy in the transferred in the
medium. medium along the
waves.
(iil) | The amplitude of The amplitude of

vibration of each
particle is same.

vibration of particles
varies from zero at
nodes to maximum
at antinodes.

OR
When a tuning fork is struck lightly against a rubber
pad, it produces only fundamental tone. Tf it is struck
forcetully, it produces overtones which soon dies out.
So a tuning fork can be used as a source of standard
frequency.

Factors on which the pitch of a tuning fork depends :
(i) Ttisinversely proportional to the square of the
length of its prongs.

(ii) Tt is directly proportional to the thickness of the
fork.

(iii) Tt is directly proportional to the square root of the
Young's modulus of elasticity of its material.

(iv) It is inversely proportional to the square root of
the density of its material.

Hence low frequency tuning forks are long and thin
while high frequency tuning forks are short and thick.
Given, Ulx) = Uy(1 - cos ax)

Differentiating both sides with respect to x

dU(x)

= U,(0+ ausinow) = Uyorsin oy

dx
= A8 = -U,asin ox
dx
For small oscillations, sin® =6
= sin o= Ox
. F=-Uyafax) = Uy’ (D)
Also, F=-kx ..(ii)
From equations (i) and (ii)
k= Uyt

Thus,

= ZTE\/E =2% L
k Uooc2

(i) Maximum extension of the spring :
{a) Suppose the maximum extension produced in
the spring is . Then,
F=ky
or y=Fik
{b) In this case, force F on each mass acts as the
torce of reaction developed due to force F on

{(in magnitude)



12.

13.

the other mass. Therefore, in this case also,
maximum exlension is given by y = F/k
(ii) Period of oscillation:

If T is the time period in case (a), then
k

In case (b), the time period of oscillation of a two
body oscillator {two bodies of mass #1; and m,
connected at the ends of a spring of spring constant
k) is given by

7

T,=2%; .
where 1 is called the reduced mass of the system
defined as

_. ity

my + #y

In the present case, 1, = m, = m. So,
XM m

m+m

Thus, Th= 21, / i ‘/

Here, .= 20cm = 02m,1) =430 Hz, v = 340 m st
The frequency of n' " normal mode of vibration of
closed pipe is

v 340
v, =(2n-1)— - 430={Zn-1
n = )4L ( )4><0.2
430%4%0.2
or In-l=—="""" 101
340

2n=2.01 or n=1
Hence, it will excite the 1% normal mode of vibration.
In a pipe, open at both ends, we have

v 1% 340 430 2x 0.2

D S i Gt ]

28 2x0.2 340
As n has to be an integer, therefore, open organ pipe
cannot be in resonance with the source,

=430 p=

=05

Here, frequency of source of sound,
v =400 Hz; speed of sound, v= 340 m st
speed of source, v, = 10m s
(i) (a) When the train approaches the platform, the

apparent frequency as heard by the observer on

the platform will be

S 340
v'= v= » 400
Vv, 34010

7@x400 412.1 Hz
330

(b) When the train recedes from the plattorm, the
apparent frequency as heard by the observer

will be :

14.

340
340 +10

v=—"

340
%400 =——x400
Vv, 350

=388.6 Hz =389 Iz

(ii) The speed of sound in each case remains same
; )
ie,30ms ",

T
y=10sin (126 1) = 10 sin[3m‘+ﬂ (D)

¥, = 5(sin 31t + 3 cos 3mt)

1 3
10| sin 37f > 5 + cos 3wt xz}

lo[sin 37t cos % + cos 37! sin T;j
or  y= 10 sin[Bm + ;Ej (i)
The general equation for SHM is

y= Asin{of+ ;) =4 sin[z;ct + q)oj ...(1ii)

Comparing equations (i) and (ii) with (iii), we get

Ay =10 cm, A, emBr ™ = 2% — 5
n 5
2
ﬁ = ].; Tl = T2 = — 85
Ay 3
. (i) When the lift goesup
figure (&) with uniform 1 r I
velocity v, tension in i T" )
the string, T’ = mg l
The value of g remains ¥
g g nig

unaflected. (@) ) ()
The period T remains same as that in stationary lift,

g e 23’[‘]7
b4

(ii) When the lift goes up with acceleration a as

shown in figure (b), the net upward force on the

bobis T —mg=ma . T'=m(g+a)

The effective value of ¢is (g + a) and the time period is
!

g+a

T1:2’J'E

Clearly, T; < T, i.e., ime period decreases.
{(iii) When lift comes down with acceleration a
figure (c), the net downward force on the bob is
mg - T =ma T =m(g-a)
The effective value of gbecomes (g — a) and the lime
period is
!
g—a
Clearly, T; > T, i.e., lime period increases.

T;=12x

PHYSICS FOR YOU |
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17.

18,

28

(i) Effect of pressure: The speed of sound ina gasis
i

P
At constant temperature, PV = constant;

given by, v=

Pm
—— = constant

P

. \ P
Since i is constant, so — = constant
P

i.e., when pressure changes, density also changes

in the same ratio so that the factor © remains
P
unchanged. Hence the pressure has no effect on the

speed of sound in a gas for a given temperature.

(ii) Effect of temperature : We know that

=nRT or p= nRT

Also v —JY_P ’WRT 1/
pv
where M = molecular weight of the gas
Asy, Rand M are constants, so v e< T,
i.e, velocity of sound in a gasis directly proportional
to the square root of its temperature, hence we

conclude that the velocity of sound in air increases
with increase in lemperature.

(iii) Effect of humidity: Asv =

JY?, 12, Vo ——=
P VP
The density of water vapours is less than that
of dry air. Since the speed of sound is inversely
proportional to the square root of density, so sound
travels faster in moist air than in dry air.

Principle of superposition of waves states that

when a number of waves travel through a medium

simultaneously, the resultant displacement of any
particle of the medium at any given time is equal to
the algebraic sum of the displacements due to the
individual waves. Mathematically,

Y=yt tysk ot yy,

(i) When two waves of same frequency moving
with the same speed in the opposite directions
in a medium superpose on each other, they
produce stationary waves.

(ii) When two wavesofslightly different frequencies
moving with the same speed in the same
direction in a medium superpose on each other
they produce beats.

Suppose at any instant during oscillation, the bob
of a simple pendulum lies at position A when its
displacement is OA = x and the thread makesangle 6
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with the vertical. The forces Point of suspension

acting on the bob are

(i) Weight mg of the
bob acting vertically
downwards.
(ii) Tension T along the
string. g cos 8
Thus, the restoring force is g
F=-mgsin©

However, it € is so small that its higher powers can
be neglected, then, F= -mg0
If I is the length of the simple pendulum, then

X
B(rad) = =—
ad) - radlus I
= —mgT
or M= —%x or a— —ix:—mzx

I

Hence for small oscillations, the motion of the bob
is simple harmonic. Tts time period is

=% 40 or T—MJT
£

-~ T
m g/l

Obviously, the time period of a simple pendulum

depends on its length { and acceleration due to

gravily gbut is independent of the mass m of the bob.

In one case, A can be regarded as a source of sound
moving towards observer B.

VS:+4rns’1,v0:0
Y- V-, :33070x580
Vv 3304
330
= —x580 =587 Hz
326
8 Vi 7]
e » & -0
A B

In another case, A can be regarded as observer
moving towards stationary source B.

0 v, 8
— ® =0
A B
vo=-4dms,v.=0
w V=V 330+4
B L = 580
V= 330 -
334

= — %580 =587 Hz
330

Number of beats heard per second by A
=v"-1=587-580=7

Number of beats heard per second by B
=0 -0 =587 -580=7



20. Here, Maximum mass, m = 50 kg,

21.

Maximum extension, ¥=20-0=20cm =02 m
Maximum force, F = mg=50 x 9.8 =490 N
Spring constant,

252@22450 Nm !
0.2

X
When a body of mass M is suspended from the

spring balance, it oscillates with a period of 0.6 5.

M
Time period, T = 2TE1{? or T = 4?:2%

_Thk_(0.6)" x 2450
4t 4x(3.14)
M=12236kg
Weight of the body,

W-=Mg-2236x98=219.1N

(i) Here, v=360ms ', v=256Hz

360
o= =2 A0E
v 256

AA’:&:@:O.&C)IGI‘H
4 4

Time (f) at which the second curve is plotted
AA" 03516
v 360
(i) Nodes:A, B C D, E
Antinodes : A, 7
(iii) Distance between A" and C*
=A=1406m=141m

=08%107%s

OR
Original frequency,
1 [k
¥ M

Let A =Initial amplitude of oscillation

v = Velocity of mass M when passing through
mean positien.
Maximum kinetic energy = Total energy
or  Law? = Lia?
2 2

~
M

When mass m is put on the system,

total mass = (M + m). If v/ is the velocity of the
combination in equilibrium position, then by the

V=

conservation of linear momentum,
My
M+m

Mv=(M+mp or v=

If A” is the new amplitude, then

1
(M +mw? = lkA’Z
2 2

22,

’M+m M+m>< My
M+m
’M+m
M+m M+m
New frequency, v’ = 1
n\{M+m

(i) First mode of vibration : In this mode of

vibration, there is only one node at the closed end
and one antinode at the open end. If L is the length
of the organ pipe, then

This frequency is called first harmonic or
fundamental frequency.

{(ii) Second mode of vibration : In this mode of
vibration, there is one node and one antinode
between a node at the closed end and an antinode
at the open end.

Frequency,

v
V= —=—=30
A, AL
This frequency is called first overtone or third
harmonic.

(iii) 'Third mode of vibration : In this mode of
vibration, there are two nodes and two antinodes
between a node at the closed end and an antinode
at the open end.

x=0 L/S ZLJ’S 3L/5 ALiS x=1
5 41
L=23 o hy= —
4 5

PHYSICS FOR YOU |
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30

Frequency, v; = o

Ay AL
Hence different frequencies produced in a closed
organ pipe are in the ratio 1: 3:5:7: ... ie., only

odd harmonics are present in a closed organ pipe.

(i) Sense of responsibility, concern for their son and
awareness about technology.
(ii) An ultrasonic scanner works on the principle of
reflection of ultrasonic waves from a region where
there is a change in tissue density.
1.7kms ™!

(iii) Wavelength, A = 2 — o

v 4.2 MHz

= 40476 pm

Let X be the equilibrium position of a cylinder
floating in a given liquid. Assume

V=volume of cork = Ak

m = mass of cork = Ahp.

1.7%10° ms™

42x%10%s71

X
[ ] f 3
Push
== P fl 4—Liquid
.'.'..'.:.‘:."'#r..' ':ir.:.::.:.'.:.'.:.'.:.:.:(f + 1 ¢ fe—nes surface
e

i = length of the cylindrical piece of cork dipped in
the liguid upto point P in position X.
W = weight of the cylindrical cork.
W, = weight of the liquid displaced by the cork.
W= mg=(Ahp)g
g W, = Area of cross-section of cork x length
of cylinder dipped in liquid x density of liquid x ¢
= Alpyg
According to the law of flotation,
W=W; or Ahpg=Alpg

or iy Lo
P
Let the cylinder be pushed into the liquid through
a small distance y from equilibrium. Since W= W,
then the restoring force acting on the cylinder is
given by
F = - weight of the liquid displaced by the
length y of the cylindrical cork
= —(Ayp, x g = ~(Apyg)y = —ky

where k = Apyg is the force constant.
If @ be the acceleration produced in the cylindrical
piece of the cork, then

g F _F_—Apgy
mass of cork Ahp
or a= _hig
hp
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Now as the acceleration of the cylindrical cork
is directly proportional to its displacement
from equilibrium position and acts towards the
equilibrium position, so the motion of the bob is
simple harmonic having time period (T) given by

o displacement \/;
acceleration PLg
o
or T=2n i
P&
OR
Let the displacement of the particle at any lime f be
represented by
x=A cos{wt + dp) (1)

where A = amplitude, ¢, = initial phase

If v be the velocity of the particle at time f, Then
dx  d
W S E[Acos(mqu)o)}
= —Awsin{wf + ¢) ..(ii)
Att=0,x=xpand v =
By putting £ = 0 in equations (i) and (ii), we get
X = Acosdy, vy = -Awmsindg

or Wy = —m\/(ASin(I)O)z = —mJAZ(l —cos® ;)

or = 700\IA - xo ..(1ii)

Equation (iii) shows that initial velocity is negative.
Squaring on both sides of equation (iii), we get

7
N e
vy =@ (AT —xg s AT —xg = —

The energy of a harmonic oscillator is partly kinetic
and partly potential. When a body is displaced
from its equilibrium position by doing work upon
it, it acquires polential energy. When the body is
released, it begins to move back to equilibrium

position, thus acquires kinetic energy.
At any instant, the displacement of a particle
executing SHM is given by

x = A cos{omt + dg)
Velocity, v = % = - A sin{wf + ¢p)

Hence, kinetic energy of the particle at any time ¢
is given by
K= L

— mo:u A% sin*(of + )



But A%sin*(wt + Po) = A1 - cosH (et + o)
= AT - Al cos? (wt + dg) = AT - *
or £ = %moo2 (A xH = %k(A2 —x

When the displacement of a particle from its
equilibrium position is x, the restoring force acting
onitis
F=—-kx
If we displace the particle further through a small
distance dx, then work done against the restoring
force is given by
AW = -Fdx = + kxdx

The total work done in moving the particle from
mean position (x = 0) to displacement x is given by

X 2 X 1
W= [dw = [kxdx = J{X} ==k
0 2
The work done against the restoring force is stored as
the potential energy of the particle. Hence polential
energy of a particle at displacement x is given by

i %kxz = %m@le = % mat A cos (ot + )

At any displacement x, the total energy of a
harmonic oscillator is given by

E=K+U= %k(Al—xz)Jr %kxz

1 1
or E=—kA’= - me'A’= 2w mu’A’
2 2
(" w=2mwv)
Thus the total mechanical energy of a harmonic
oscillator is independent of time or displacement.
At the mean position, x =0

Kinetic energy, K= %k(A2 —0h= %kAZ

Potential energy, U7 = %k(Oz) — 4]

Hence at the mean PA
position, particle has
only kinetic energy.

At the extreme positions,
x=t A

Kinetic energy,

K= %k(AZ _Ah=0 ¥
Potential energy, U= %.FCA2

Hence at the two exlreme positions particle has
only potential energy.

OR
Consider two harmonic waves of frequencies v,
and v, (v being slightly greater than v,) and each
of amplitude A travelling in a medium in the same
direction. The displacements due to the two waves
ala given observation point may be represented by

y1 = Asingg £ = Asin2m o ¢

Y= Asing, = A sin2T U, ¢
By the principle of superposition, the resultant
displacement at the given point will be

Y=y +y;=Asin2rvu f+ Asin2n, §

. Mcoszn[w}.sm[W}
2 2

If we write

v -V v +U
1T — 1 2 and Uy = e N
then y=2A ¢0s (27 Vg 1) sin (27 0, 1)
or y=Rsin(2m v, 1)

where R=2A cos(2m V4 ) 1s the amplitude of the
resultant wave.

The amplitude R of the resultant wave will be

maximum, when
OS2 MU qf==1

or 20 VUpod t= 1A wheren=0,1, 2, ...
or (v —vy)t= nn
" ; 2
arn t= =0, i -
U~y Uy =y Uy —1,
Time interval between two successive maxima
- 1
Uy =0y

Similarly; the amplitude R will be minimum, when
COS 2M Vg £=0

or 27 Uppq t= 2n+ 1)m/2 wheren=0,1,2,...
or (v — vyt = (2r+ 1)m/2
or f= _2ntl) 1 3 5

20 —,) V=V, 2V —1y) (2 -v,)
The time interval between successive minima
1
v -,
Clearly, both maxima and minima of intensity
occur alternately. Hence the time interval between
two successive beats

fbeat =

B~y
The number of beats produced per second is called
beal frequency.
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Upeat = Of  Upeg =1 — 1

tbeat

26. Newton assumed that sound waves travel through

a gas under isothermal conditions. Thus the
temperature of gas remains constant. If B, is the
bulk modulus of the gas al constant temperature,
then the speed of sound in the gas will be

P
For an isothermal change,
PV = constant (Bovle's law)
Differentiating both sides, we get
PAV + VP =0
or P= AP = _AE
dv dviv

Change in pressure (dP)

- Change in volume (@V)/Original volume (V) s
Hence the Newton's formula for the speed of sound
ina gasis

V= |—

P
Speed of sound in air at STP,

1.013%10° -
vy =280ms
1.293

This value is about 16% less than the experimental
value (331 m s of the speed of sound in air at STP.
Hence Newton's formula is not acceptable.

The French scientist Laplace pointed out that sound
travels through a gas under adiabatic conditions not
under isothermal conditions.

So, when sound travels through a gas, the
temperature does not remain constant. The pressure
and volume variations are adiabatic. If B, g, is the
adiabatic bulk modulus of the gas, then the formula
for the speed of sound in the gas would be

B
e adia

P
For an adiabatic change, PVY = constant
Differentiating both sides, we get

Pyl dve VIdp =0
or Vi ldy = vV dp
=P
- dviv
where ¥ = Cp/Cy, 1s the ratio of two specific heats.
Hence the Laplace formula for the speed of sound
inagasis

= Yadia
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vp
y= ,—
P

This modification of Newton's formula is known as
Laplace correction.
For air y = 7/5, so spead of sound in air at STP will

be
y= J?\F—\/szaom % 7 I
p
OR

(i) In a sound wave, a node is a point where the
displacementiszero as here a compressionanda
rarefaction meet and the pressure is maximum,
so itis also called pressure antinode.

While anantinodeisa pointwhere theamplitude
displacement is maximum bul pressure is
minimum. So this point is also called pressure
node.

Hence displacement node is a pressure
antinode and displacement antinode is pressure
node.

(i) Bats emit ultrasonic waves of large [requencies
(small wavelength) when they fly. These
ultrasonic waves are received by them after
reflection from the obstacle. Their ears are so
sensitive and trained that they can not only get
the information of the distance of the obstacle
but also the nature of the reflecting surface.

(iii) The quality of the sound produced by an
instrument depends upon the number of
overtones. Since the number of overtones is
different in the cases of sounds produced by
violin and sitar therefore we can distinguish
through them.

(iv) Solids possess both the volume elasticity and
the shear elasticity. Therefore they can support
both longitudinal and transverse waves.

On the other hand, gases have only the volume
elasticity and no shear elasticity, so only
longitudinal waves can propagate in gases.

{(v) A sound pulse is a combination of waves of
different wavelengths. In a dispersive medium,
the waves of different wavelengths travel with
different speeds in different directions, i.e.,
with different velocities. So the shape of the
pulse gets distorted, i.e., a plane wavefront in a
non-dispersive medium does not remain a
plane wavetront in a dispersive medium.

®®
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Thermodynamics

Kinetic Theory of Gases

Total Marks: 120

NEET / AlIMS { PMTs

Only One Option Correct Type

1. Let ¥, vy and v, respectively denote the mean
speed, the root mean square speed and the most
probable speed of the molecules in an ideal
monatomic gas at absolute temperature T. The mass A Carnot engine is designed to operate between
of a molecule is #. Then, 480 K and 300 K. If the engine actually produces 1.2 ]
{(a) No molecules can have speed greater than v,,.. of mechanical energy per calorie of heat absorbed,
(b) No:mdlecule canhave speediiess i V_P then. the .ratio of actual efficiency to theoretical
N efficiency is
(Q) vy <V >V (a) 16/21 (b) 21116 (c) 5/16 (d) 16/5
(d) The average kinetic energy of a molecule is A gas at pressure P is adiabatically compressed so
émvz. that its density becomes twice that of initial value.
4 F Given that v = Cp /Cy = 7/5, what will be the final
2. Figure ShOWSd grapl; of * pressure of the gas?
ressure versus density for an
Fdeal gas at two temeratures ) o8 ) kP to) et Lk B
Tyand Ty The root mean square velocity of the molecules in
a sample of helium is (5/7)th that of the molecules
() T)>T, (b) T\ =T, in a sample of hydrogen. If the temperature of
(¢) T1<T; (d) None of these the hydrogen gas is 0 °C, that of helium sample is
3. A cyclic process is shown on the about
P-T diagram. (a) 0°C  (b) 4°C  (c) 273°C (d) 100°C

54

Which of the curves show the
same process on a V-T diagram?

() A4 & () VA
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One mole of an ideal gas requires 207 | heat to raise
the temperature by 10 K when heated at constant
pressure. If the same gas is heated at constant
volume to raise the temperature by the same 10 K,
the heat required is

{Given the gas constant R = 8.3 Tmol™ KH

(a) 198.7] (b) 290] (c) 215.37] (d) 124]



8.

10.

11.

12,

At what frequency would the wavelength of sound
be of the order of the mean [ree path in nitrogen at
1.02 atm pressure and 18.0 °C#? Take the diameter
of the nitrogen molecule to be 315 pm and speed of
sound tobe 343 m s L,
(a) 5.36 x 10° Hz

(c) 2.88 x 10° Hz

(b) 7.38 x 10° Hz
(d) 3.88 x 10" Hz

A thermodynamic process is p
shown in the figure. The pressure
and volumes corresponding to
some points in the figure are
Pi=3%x10"Pa; V= 2% 107 m’%;
Pp=8x10"Pa; Vp=5x 10" m’.
In the process AB, 600 ] of heat is added to the
system and in process BC, 200 ] of heat is added
to the system. The change in internal energy of the
system in process AC would be

(a) 5607 (b) 800] (c) 6007 (d) 6407

The internal energy of a monatomic ideal gas is 1.5
nRT. Cne mole of helium is kept in a cylinder of
cross section 8.5 cm?. The cylinder is closed by a
light frictionless piston. The gas is heated slowly in
a process during which a total of 42  heal is given
to the gas. If the temperature rises through 2 °C,
find the distance moved by the piston. Atmospheric
pressure = 100 kPa.

(a) 10cm (b) 20cm

o v

(¢c) 30cm (d) 40cm

A gas is expanded from volume V, to 2V
under three different processes is shown in figure.
Process 1 is isobaric, process 2 is isothermal and
process 3 is adiabatic. Let AU, AU, and AUs be the
change in internal energy of the gas in these three
processes. Then

P,

AT

b1

(a) AU, > AU, > AU,
(c) AlL <AU; < AU,

(b) AU, < AU, < AlL
(d) AU, <AU; < AU,
If the pressure of 7 mole of an ideal gas varies
according to the law, P = Py — aV?, where Py and

a are constant, the highest temperature of the gas
attained is

172 1/2
R(R b (R
(a) (b)
R\ 3a nR 1\ 3g
1/2 1/2
28 (B a Fo (B
(c) — (d) —
3nR\ 34 3nR\ 34

Assertion & Reason Type

Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the correct
choice as

14.

If both assertion and reason are trug and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

. Assertion : All molecular motion ceases at —273°C.

Reason :
attained.

Temperature below -273°C cannot be

Assertion : A refrigerator transfers heat from lower
temperature to higher temperature.

Reason : Heat cannot be transferred from lower
temperature Lo higher temperature normally.

. Assertion : The total translational kinetic energy of

all the molecules of a given mass of an ideal gasis 1.5
times the product of its pressure and its volume.

Reason : The molecules of a gas collide with each
other and the velocities of the molecules change
due to collision.

JEE MAIN / JEE ADVANCED / PETs

16.

17,

Only One Option Correct Type

Two identical containers A and B have frictionless
pistons. They contain the same volume of an ideal
gas al the same temperature. The mass of the gas in
Ais m, and that in B is mp. The gas in each cylinder
is now allowed to expand isothermally to double the
initial volume. If the changes in the pressure in A and
B are found to be AP and 1.5 AP respectively then
{a) 4m,=9my (b) 2my =3my

{(c) 3m,=2my (d)y 9my =4my

A smooth vertical tube having
two different cross sections is
open from both the ends but
closed by two sliding pistons
as shown in figure and tied
with an inextensible string.
One mole of an ideal gas is
enclosed between the piston.

PHYSICS FOR YOU |



18.

19.

20.

@

The difference in cross-sectional areas of the two
pistons is given AS. The masses of pistons are m;
and m, for larger and smaller one, respectively.
Find the temperature by which the gas is raised so
that the pistons will be displaced by a distance L
Take atmospheric pressure equal to P,

(2) [PoAS + (my + my)g] %

!
(b) [PoAS + (rmy - ma)gl
PASI
R R
Figure shows a process v,
ABCA performed on an

ideal gas. The net heat ' AC
given to the system during v; % 5
the process will be i

1% ' 7 T
(a) nR[T2 1n72-(T2-T1)J ! :
1

(c)

®) nR(TZ 1n%—(:q 3 TZ)J
1

{c) nR[Tl 1n%+ (1 —Tz)J
2

() nR(Tl Ik (T, —Tl)}

v
Assume that the temperature remains essentially
constant in the upper part of the atmosphere. The
mean molecular weight of air is M. An expression
forthe variation in pressure in the upper atmosphere

with height # is (P, is the pressure at i = Q)

(a) P = 2P0 e—Mg’h/RT (b) P - PO e—Mg’h/RT

(C) P PO e—Mgh/ERT (d) B PO e—ZMgh/RT
More than One Options Correct Type

A gas may expand either adiabatically or

isothermally. A number of P-V curves are drawn

for the two processes over different ranges of

pressure and volume at different temperatures. Tt

will be found that

{a) two adiabatic curves do not intersect

{b) two isothermal curves do not intersect

{c) an adiabatic curve and an isothermal curve
may intersect

{d) the magnitude of the slope of an adiabatic curve
is greater than the magnitude of the slope of an
isothermal curve for the same value of pressure
and volume.

PHYSICS FOR YOU |

21.

23.

24.

25.

An ideal gas enclosed in a wertical cylindrical
container supports a freely moving piston of
mass m. The piston and the cylinder have equal
cross-sectional area A. When the piston is in
equilibrium, the volume of the gas is V,, and its
pressure is Py The piston is slightly displaced
from the equilibrium position and released. Then
{Assuming that the system is completely isolated
from its surrounding.)

{a) Piston will execute SHM.

{b) Motion of the piston will be periodic only.

24 L
{c) Frequency of motion is g
n \mV,
A B
{(d) Frequency of motion is — ] .
2nymV,

. An ideal gas whose adiabatic exponent equals v is

expanded according to the law P = oV, where « is
a constant. The initial volume of the gas is equal to
Vo As a result of expansion the volume of the gas
increases 1) times. Then

{a) the increment of the internal energy of the gas

2
-1
is o V2 i
(y=1)
(b) the work performed by the gas is 0.5 o V5 {n* - 1).
{c) the molar heat capacity of the gas in the process

(y+1)

(=1
{d) Both (b) and (c).

The speeds of ten particles in m stare0, 1.0, 2.0,
3.0,3.0,3.0,4.0,4.0, 5.0 and 6.0.

(a) The average speed is 3.1 m s\,

(b) 'The root mean square speed is 3.75 m s™.

(c) 'The most probable speed of these particle is 3 m s,

(d) Mean square speed is 17 m” s,

Integer Answer Type

A vessel has 6 g of hydrogen at pressure P and
temperature 500 K. A small hole is made in it so
that hydrogen leaks oul. If the final pressure is P/2
and the temperature falls to 300 K, the mass of
hydrogen (in g) that leaks out is

A vessel contains a mixture of 1 mole of oxygen
and 2 moles of nitrogen at 300 K. Find the ratio of
average rotational kinetic energies per ¢, molecule
to per N, molecule.



26. nmolesof a gasinacylinder ra
underapistonaretransferred 3%
infinitely slowly from a state
with a volume of V; and a »p,
pressure 3P, to another state
with 3V, and a pressure P, i
as shown in figure. Yo W
Tf the maximum temperature that the gas will reach

x PV,

in this process is . what is the value of x?

Comprehension Type

A container of volume 4V, made of a perfectly
non-conducting material is divided into two equal parts
by a fixed rigid wall whose lower halfis non-conducting
and upper halfis purely conducting. The right side of the
wall is divided into equal parts (initially) by means of a
massless non-conducting piston free to move as shown.
Section A contains 2 mol of a gas while the section B
and C contain 1 mol each of the same gas (y = 1.5} at

pressure P,. The heater in left part is switched on till the
final pressure in section Cbecomes 125/27 P,
30.
A |B 7,
*E P i
- ome v,
2V, e,

27. Final temperature in part C is

BV, 5B,V
@ 22 (6) “2
BV, S5EV,
(c) % (d) %
28. The heat supplied by the heater is
(a) 32—8P0V0 (b) %POV0
(c) 3;—6P0‘VQ (d) AlsgPOV0

29.

Matrix Match Type
One mole of a ra
monatomic ideal 32py}-—%
gas is taken along
two cyclic processes g
E—-F—G—Eand p I b
E—-F—=H—=E + -

as shown in the
PV diagram. The processes involved are purely
isochoric, isobaric, isothermal or adiabatic.

Maltch the paths in column T with the magnitudes of
the work done in column TI.

Column T Column 11
(A) G—>E (P) 160 P,V In2
(B) G H (Q) 36 P,V
(CQ)F Sl (R) 24 PV,
(D)F—= G (S) 31 P,V
A B & D
(a) Q R S p
(b) P Q g R
© S Q P R
(d) s R Q P
Heatgivento process Platm)s
is positive, match 0 I
the following option
of column I with o v AM
the corresponding K Rk
option of column TI. 10 20 P Vim?)
Column I Column 11
(A) JK (P) AW >0
(B) KL (QYAQ <0
(O LM (R) AW <0
(D) MJ (8) AQ>0
A B C D
@Qs s P Q
(b) P QR Q PR
(c) Q BES § QR
(d) P Q BS R
A
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BRAIN

MAP

CLASSXI

Gravitational force (F) betwee
proportional te product of

F=- o

Acceleration due to gravity

Forabodyfalling freely under
gravity, the acceleration in the
body is called acceleration
dueto gravity:
Relationshipbetween gand G
4

3ﬂ6&p

R
where G = gravitational constant

p =density of earth
M, and R, be the mass and radius

@fearfh
Variation of acceleration
due to gravity (g}

g:

Newton’s Law of Gravitation

proportional to square of the distance between them.
G, m, ;

GRAVITATION

Law of orbits : Every planet revolves

Kepler's Laws of

around the sun in an elliptical orbit

n two bodies is directly

. and the sun is situated at one of its
masses and inversely

Planetary Motion

foci.

Law of areas : The areal velocity of
the planet arcund the sun is constant

. dA
Le, — =3 constant
dt

Law of periods : The squareof the time period of

Characteristics revolution of a planet is directly proportional to

of gravitational force

the cube of semi major axis ofthe elliptical orbit.

ocgd

Itisalwaysattractive.

Itisindependent ofthe medium.

Itisa conservative and central force.

< Gravitational Potential Energy
[ Work done in bringing the given body from
“.infinify to apoint in the gravitational field.

It helds good over a wide range of

distance.

Gravitational potential

Work done in bringing a unit mass from
infinity to a point in the gravitational
field,

v

Escape speed

_—GM The minimum speed of projection of a

r

body from surface of earth so that it just

crossesthe gravitational field of earth.

[2GM
R
’ R

-
Due to altitude (i) = Earth's
v Types of Satellite | g Satellite
gisgll=-— Time period of satellite
R
—> - : "Polar satellilte X o [(R+hy
1
The val}1e Of_g goe?s on e Timeperiod: 100 min :? =
kdecreasmgmthhmght. e Revolves in polar orbit £ g_ ;
’ . ——— For satellite orbiting clese to the
Due to depth {d) : earth’s surface
/ e Height: 500-800km. S
G . o - 2
* g, =8 [ 1- E] . Uses.Wt?aﬂler forecastmg, Orbital speed of T=2n ,— =84.6 min
i \ milifary spying satellite N :
Thevalue of g decreases . s .
st e, ‘f : : 1 & minimum spee
\ P Geostationary satellite required to put the Energy of satellite
Moottt earihl e Timeperiod:24hours satellite into a given orbit. N GM m
e e Same angular speed in  Kineticenergy K SRl
g, =g-R &cos*h A ) . g (R, +h)
A ¢ same direction with v, =R, “CGMm
5 Atequater, A=0° aaitiy R +h e Potential energy [/ = e
S hin =8 Recoz o Height:36000km. For satellite orbiting close o Totalenergy R.+h
Atpoles, A=90° o Ulies:GD8 satellife to the earth’s surface F=K4+U=— GM m
g?bmax 58 \communication {TV) v, =48R, 4 2(R, +h)




ALTERNATING CURRENT
ELECTROMAGNETIC WAVES

CLASS XII

Alternating Current

TE N -
+E ) b

s =15 ~ Current which changes continucusly in p|e Transformer ratios
5 magnitude and periodically in direction. eg _Ip _Ng
£ :
“Epms = 'j,};" | Ep IS NP
~Eg - e Efficiency ofa transformer,

Alternating voltage

outpul power  g¢l
£=Eq sin OF T—— n= =—43

Applied across input power  €plp
inductor

Applied across
capacitor

Applied across resistor

Purely capacitive circuit Purely inductive circuit

Step-up transtormer, A
Current lags behind the voltage bya gg>»Ep g <Tpand Ng> Np.
phaseangleofn/2.

I=Tsin(ot +7/2); Iy = <= 0Ceo | | phase with current. I=Ipsin{ot-n/2): I, = £/ Xy =8¢/ 0L
C
where X-= 1/oC I=g/R =TI sinwt where Xy =L

Combining LCR in series

Searies LCR circuit

Current leads the voltage by a
phaseangle of /2.

Purely resistive circuit

3 Alternating voltage is in
0

Step-down transformer, )

Powaer in ac circuit

Resonant series LCR circuit

Average power (Pﬁv) h ® E£= Eosinwt} I:IO Sin(u)f_ ¢j q When XL :XC’ Z= R’ current
Pay = &l g €080 Impedance of the circuit: Z= JR* + (X, - XC)Z Bcomts mimi 1
_Eoly il e Phasedifference between currentand veltage is ¢ Resonant frequercy o, = Jic
\ 2 i Qs X =X¢
anQ==——
= R -
Power i tos e ForX; > X, ¢is+ve. (Predominantly inductive) Quality factor
R e For X <X ¢is—ve. (Predominantly capacitive) It is a measure of sharpness of
Power factor: cos( = = resonance.
I istive circuit, 2 i E
e Inpureresistive circui Fletrontagnetc e =2
¢0=0%cosp=1 5

Waves having sinuscidal variation of

I lyinducti
W & s electric and magnetic field at right

capacitive circuit ) :
P angles te each other and perpendicular

h=1= .E; cos®=0 to direction of waves propagation.

e Inseries LCRcircuit, :
= Electric

Magnetic %
field(E)

Atresonance, Xy =X
- Z=R and ¢=0°cosp=1

Propagation
direction (£) Maxwell's equations
—

Energy density of

IF -dS = 2 {Gauss's law for electrostatics)
electromagnetic waves

€
IH +dS =0 {Gauss's law for magnetism)

£

Average energy density avelength (3, )

J-E dl = “d_(pﬁ_ {Faraday's law of electro-

2 i ;
L= lE g2 _ 1B Production of electromagnetic waves o ]
L el A= dt  magnetic induction)

0 Throughaccelerating ch
Intensity of electremagnetic * i

. S . ddp |(Maxwell-Ampere's
e Byharmonically oscillating electric charges. .

B.dl = [f-i-E —&
1 2 I 0 0 i ital 1
wave = —g,Eye e Through oscillating electric dipoles. dt’) ereatcal law)
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= Energy Bands in Solids

o Range of energy possessed by electron in a solid is
known as energy bands.

s There are two types of energy band

s

Valence band : Range of energy possessed by
valenceelectronisknownasvalenceband. These
electrons are bounded and not responsible for
flow of current.

Conduction band : Range of energy possessed
by free electron is known as conduction band.
These electrons are responsible for flow of
current.

¢ TForbidden energy gap (E,)

: It is the energy gap
between the bottom of the conduction band and
top of the valence band. No electron exist in this

gap. %\ h

> Width of forbidden %3 Conduction band
energy gap depends 5§ kEg
upon the nature of B
substance & | Valence band

» If width is more then valence electrons are

strongly attached with nucleus.

»  Astemperature increases, forbidden energy gap

decreases (very slightly).

s According to energy band theory there are three types of solids.

Propewy . Conductors Semiconductors Insulators
il Electrlcalconductlwty Very high, Between those of conductors | Negligible,
and its value 10° - 1088 m™ and insulators 10° - 10°Sm™" |10 - 107° S m™!
2. |Resistivity and its|Negligible Between those of conductors| Very high,
value 107°-10°%Qm and insulators 107° - 10°Qm |10" - 10" Q@ m
3. |Energy gap and ils|Zero or very small More than that in conductors | Very large
value but less than that in insulators | For diamond,
For Ge, E,= 072 eV; for Si, E, |E;=7eV
=1.1eV; for GaAs, E,=13eV
4. | Current carriers Free electrons Free electrons and holes Free electrons

(20
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