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2_ Unlt and DlmenS|0n Sl Base Quantities and Units
’ Basg Quantity N T S 'b“'i = ‘SIf,(VJths Definiti
- . i ame | Symbol | = e m on

* Fundamental or base quantltles - Length meter m The meter is the length of the path (raveled
The quantities which do not depend upon other L%, 795, 438)of a coeond (1983
quantities for their complete definition are known T e T B ST o v
as fundamental or base quantities. Platicur-ricium eloy cylinder] kept ot

i nternational Bureau of Weights and

. M res, at Sewres, r Paris, F 3

e.g. : length, mass, time, etc. Heasres. =
* De r|Ved quantltles . Time second s Thz(a) seconé:i is fthe duration of 9, 192, 631,
. . ; 770 periods of the radiation corresponding
The quantities which can be expressed in terms o the transiton between the bwo hyparfine
- levels o e ground state o e cesium-

of the fundamental quantites are known as de- 133 atom (1967)
R oy Electric Current | ampere A The ampere is that constant current which,
I‘Ived quantlt'es eg if maintained in two straight parallel
. . , ductors of infinite length, of negligibl
Speed (=distance/time), volume, acceleration, Sheudar rosesection. and placed 1 melre
dorce pressure etC apart in vacuum, would produce betweer;
y y . these conductors a force equal to 2 x 10
. . .- Ne witt r metre of length. (1948)

* Units of physical quantities Thermodynamic | kelvin R The kevin i:;;effacsgn 1/273.16 of the
The chosen reference standard of measurement | | ™™o e apyreture of the triple
in multiples of which, a physical quantity is ex- ool | mmole ol The mole i;g:}_;a“‘ﬁ::t;nf;“b;‘:“wm‘;‘n;
pressed is called the unit of that quantity. hysriridandelierdr iy

1 1 - 1 1 Luminous candela Cd The candela is the luminous intensity, in a
PhySICaI Quantlty - Numerlcal Value x Unlt Intensity givencadirectionf ofman source‘tha(tyemits
monochromatic radiation of fi ncy 540
X 13‘2 her;:aancd t?'\at has :ra:i‘?g:te,ir::tinsity
in that direction of 1/683 watt per
5vstems of Units steradian (1979).
MKS CGs FPS | MKSQ | MKSA \4
(i) | Length(m} | Length(cm} | Length(ft) [ Length{m) | Length (m} * Supplement y Uni \)
(i) | Mass (ka) Mass [g) | Mass (pound) [ Mass (kg) Mass (kg) Qj
= —= , . , o Radian rement of plane angle
fiit | Time (5) Time (s) Time (s) Time {5) Time (s} i
i N N . Charge Q) | Current (A) N dﬁh - for measurement of solid angle
ensi ormula
( Om Rel r@m express physical quantities in
t@l of appropriate powers of fundamental
Fundamental Quantl\s' \ and their urﬁe units
* . . .
S.N. ths'f‘r Qt§. Name of Unit\| _Symbdl Use of dimensional analysis _
T Voss klogram g o Tocheck the dimensional correctness of a given
2 | Lenah meter n physical relation
3 | Time second s o To derive relationship between different physi-
4 | Temperature kelvin K cal quantities
5 | Luminous intensity candela Cd o To convert units of a physical quantity from one
6 | Electric current ampere A system to another
7 | Amount of substance mole mol . . .
Ml Ll Tl
nu,=nu,=n,=n— — —
MZ LZ TZ
where y = M2LOT®

*  Limitations of this method :

o InMechanics the formulafor a physical quantity
depending on more than three other pysical quan-
tities cannot be derived. It can only be checked.

o This method can be used only if the dependency

is of multiplication type. The formulae contain-
ing exponential, trigonometrical and logarithmic
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Fig.(1) : When the force F acts on mass m,
If the force exerted by m, on m_ is f, (force of
contact) then for body m_ : (F-f)=m.a

a—>

Fig. 1(a) : F.B.D. representation of action and reaction forces.

For body m, = f, =

, = m,a = action of m,

m,F
m, +m,

f =

1

*  Pulley system
A single fixed pulley changes the direction of
force only and in general, assumed to be mass-
less and frictionless.

SOME CASES OF PULLEY

Case - |

Letm, >m,
now for massm, m, g-T = m_ﬁ(a
for mass m,, T :

Accele@)‘ Ee\i”‘

ulled

i 2mm 2xPr fm
Tension =T = 1M, _ 2xProductof masses
m,+m,)~  Sumof twomasses
Reaction atthe suspension of pulley g — o7 - _4M:M:9_
(m,+m,)

Case - 11

For mass m, : T= m, a
Formassm,:m,g-T =m,a
ng mlmz
—= _andT=—""—
(m1+m2) (m1+m2)
FRAME OF REFERENCE

* Inertial frames of reference : Areference frame
which is either at rest or in uniform motion along

Acceleration 8=

erence is called an inertial frame of reference.
All the fundamental laws of physics have been
formulated in respect of inertial frame of refer-
ence.

* Non-inertial frame of reference : A accelerat-

ing frame of reference is called a non-inertial
frame of reference. newtons’s laws of motion are
not directly applicable in such frames, before
application we must add pseudo force.

* Pseudo force : The force on abody due to accel-

eration of non-inertial frame is called fictitious
or apparent or pseudo force and is given by

F=-mad,, Where &, is acceleration of non-iner-

tial frame with respect to an inertial frame and m
is mass of the particle or body. the direction of
pseudo force must be opposite to the particle or
body. the direction of pseudo force must be op-
posite to the direction of acceleration of the non-
inertial frame.

* When we draw the free body diagram of a mass,

with respect to an inertial frame reference we
apply only the real forces fo ich are actu-
ally actlng on @é& n the free body
dlagra xé:"m a non-inertial frame of

seudo force (in addition to all real

@&es) ha% applied to make the equation
0 id in this frame also.
3\/;Qam a lift

a) If the lift moving with constnat velocity v up-
wards or downwards in this case there is no ac-
celerated motion hence no pseudo force experi-
enced by observer inside the lift.

So apparent weight W' = Mg = Actual weight.

(b) If the lift is accelerated upward with constant
acceleration a. Then forces acting on the man
w.r.t. observed inside the lift are
(i) Weight W = Mg downward
(i) Fictitious force F, = Ma downward.

So apparent weight W' =W +F, = Mg+ Ma=M(g +a)

(c) If the lift is accelerated downward with accel-
eration a < g.

Then w.r.t. observer inside the lift fictitious force
F,=Maacts upward while weight of man W=Mg
always acts downward.

; ) ) So apparent weight
the straight line. Anon-accelerating frame of ref- ,
W' =W +F, =Mg-Ma=M(g-a)
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*

6. Circular Motion

Definition of Circualr Motion

When a particle moves in a plane such that its
distance from a fixed (of moving) point remains
constant then its motion is called as circular
motion with respect to that fixed point is called
centre and the distance is called radius of circu-
lar path.

Radius Vector :

The vector joing the centre of the circle and the
center of the particle performing circular motion
is called radius vector. It has constnat magnitude
and variable direction. It is directed outwards.
Frequency (n) :

No. of revolutions described by particle per sec.
is its frequency. Its unitis revolutions per secound
(r.p.s.) or revolutions per minute (r.p.m.)

Time period(T) :

It is time taken by particle ot complete one revo-

. 1
lution. T==
n Q
‘ S
arclenght s
Angle =908 >
radius r

Average angular velocity o =— (a scalar quantity

Instantaneous angular velocny _‘( O

P ( e\, \@\dd?‘!a vect%‘ ﬁ@)

21
For uniform angular velocity o = e =2nf or 2mn

Angular displacement
o — Angular frequency

0=ot
n or f = frequency

. Vv
Relation between » and v o=—
* In vector form velocity V=oxT
Acceleration
é—d—v—i(&x?)—d—ajx?+®x;—dx?+6)><\7:é +a
dt  dt dt dt e

. . dv
Tangential acceleration : &, = praidl

{51 = componentof aalongVv =(a.v)v = (z_\t/j \7}

2

Centripetal acceleration : a. = ov= VT — 0" or & = w?r(~7)

Magnitude of netacceleration: a = /a2 +a? = (VTJ +[(:T¥]

Maximum speed of in circular motion.

* On unbanked road : v,,, =+/u.Rg

*  Onbankedroad: v, - [“5+tane]Rg—1/tan TR

1-p tan®

Rgtan(0—¢);Vy, SV, <V

7 T min car max

where ¢ =angle of friction =tan™p_; 6 =angle of
banking

Bending of cyclist : tane :‘r%

......................

A. r@l@%&%plete vertical circleu > /sgrR

@hen Tension at C is equal to 0
'&t at Ais equal to 6mg
Velocity at B : v, =+/3gR

Velocity at C : v, =./gR

From Ato B: T=mgcos6+ mF\;

2

FromBtoC: T= mF;/ —mgcos0

B. Condition for pendulum motion (oscillating

condition)
u<,/2gr (in between Ato B)
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7. Work, Energy and Power

Work done W = [dw = [F.dr = [ Fdrcos@
[where ¢ is the angle between f & dr]

*  For constnat force w = Ed = Fd cos

*  For nidirectional force

- jdw - j Fdx = Area between F-x curve

and x-axis
Calculation of work done from force-displace-
ment graph :

Total work done,

W= zdw dex Areaof P,P,NM = jfdx
Nature of work done : Although work done is a
scalar quantity, yet its value may be positive,
negative or even zero

Negative work Zero work Positive work

Work d (

friction ffrce
(0= 1809

Motion of particle
on circular path {uniform)
(0= 907

Munun undcr aravity

N i

f=friction force
mg = 100 N
Asf=F hence S=0 0=-0

Work done by friction
force on block A

If F is a conservative force then yxg-g (i.e.
curl of F is zero)

Conservative Forces

*

*

*

Work done does not depend upon path

Work done in a roud trip is zero.

Central dorces, spring forces etc. are conserva-
tive forces

When only a conservative force acts within a
system, the kinetic energy and potential energy
can change into each other. However, their sum,
the mechanical energy of the system, doesn’t

change.

* Work done is completely recoverable.

Non-conservative Forces

* Work done depends upon path.

* Work done in around trip is not zero.

* Force are velocity-dependent & retarding in na-
ture e.qg. friction, viscous force etc.

* Work done against a non-conservative force may
be dissipated as heat energy

* Work done is not recoverable.

Kinetic energy

* The energy possessed by a body by virtue of its
motion is called kinetic energy.

K =1my? :lm(\?.\?)
2 2
* Kinetic enrgy is a frame dependent quantity be-
cause velocity is a frame depends.
Potential energy
* The energy which a body has by virtue of its po-
sition or configuration in a conservative force

field.
? onservative

*  Potential energy is a relative

* Potential energy isd
force flelda& e@@

tween conservative force field
(gl tent ergy :
g; oU~ 6U -
—grad(U)=——i-—j-—Kk
grad(U) X = i >

If force varies only with one dimension (along
x-axis) then

F:—d—U:> U=-

™ f Fdx

* Potential energy may be positive or negative

Repulsion forces
Attraction forces

(i) Potential energy is positive, if force field is
repulsive in nature
(i) Potential energy is negative, if force field is
attractive in nature

* If r T (separation between body and force cen-

U+ve
U- ve

tre), u 1, force field is attractive or vice-versa.
* If r 1, u |, force field is repulsive in nature.
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.......................

m, U, cosa, +m,u, cosa, =M,V CosP, +m,v, cosp, &

m,u, sina, —m,u, sino, =m,Vv, sinfB, —m,v, sinf,

Ve

v|
After

collision

Before
collision

Since no force is acting on m, and m, along the
tangent (i.e. y-axis) the individual momentum of
m, and m, remains conserved.

m,u, sino, =m,v, sinf; & m,u,sina, =m,v,sinp,
By using Newton’s experimental law along he
V, COSf3, —V, Cosf,

u,cosa, —U, cosa.,

line of impact €=
Rocket propulsion :

m
Thrust force on the rocket=V; (——j

Velocity of rocket at any instant

exhausﬁﬁ@m
pag®

KEY POINTS

* Sum of mass moments about contre of mass is
zero.i.e. ¥m;f,, =0

* A quick collision between two bodies is more
violent then slow collision, even when initial and
final velocities are equal because the rate of
change of momentum determines that the impul-
sive force small or large.

* Heavy water is used as moderator in nuclear re-
actors as energy transfer is maximum if m, = m,

* Impulse momentum theorem is equivalent to
Newton’s second law of motion.

* For asystem, conservation of linear momentum
is equivalent o Newton’s third law of motion.

GURUKUL ikB'kkyk : Gandhi Ashram Gali Golghar-Gorakhpur Ph No. : 0551-2200338

G-23



gurumlz(vlr%qlI

o Ifv,, <R thenrollingwith backward slipping KEY POINTS

*

g Total kinetic energy in pure rolling

2 2
ol = 1Mv += (Mk ) =1Mv§ 1+k—2
2 2 R 2 R

Pure rolling motion on an inclined plane *

K

. sin0 *
Acceleration a = _9gsinu
= 1+ K2/ R?

tan 6

Minimum frictional coeffici =
O u ctional coefficient w,;, TRZ/ K

d6 (1) df 4 |«
T =loa=1—= =—O0r—
orque T=la === = o

Change in angular momentum A — 7At

Work done by a torque W :j 7. do

*

*

A ladder is more apt to slip, when you are high
up on it than when you just begin to climb be-
cause at the high up on a ladder the torque is
large and on climbing up the torque is small.
When a sphere is rolls on a horizontal table, it
shows down and eventually stops because when
the sphere rolls on the table, both the sphere and
the surface deform near the contact. As a result
the normal force does not pass through the cen-
tre and provide an angular deceleration.

The spokes near the top of arolling bicycle wheel
are more blurred than those near the bottom of
the wheel because the spokes near the top of
wheel are moving laster than those near the bot-
tom of the wheel.

Instantaneous angualr velocity is a vector quan-
tity because infinitesimal angular displacement
IS a vector.

The relative angular velocity between any two
points of a rigid body is zeo at any instant.

All particles of a rigid body, ich 4o not lie on
an axis of rotation m paths with

centres at a z‘)g
Im@a of rotatlon is stationary w.r.t.

Many ﬁ@ers flow toward the squator. The
(p t they carry increases the time of
1on of the earth about its own axis because
the angular momentum of the earth about its ro-
tation axis is conserved.
The hard boiled egg and raw egg can be distin-
guished on the basis of spinning of both.
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. . M
*  Orbital velocity of satellite v, = /GT = Rt

F by satelli Vo= [ _ Ve
0O For nearby satellite 0 R \/E

Here V, = escape velocities earth surface.

3/2
*  Time period of satellite T = 2nr _ 2nr
\Y \/GM
* Energies of a satellite
OPotential energy U =—2M™M
r
O Kinetic energy K = Lmy2 - SMm
2 2r
O Mechanical energy E=U+K =— G;/Im
r
O Binding energy BE=-E= G;/:m

*  Kepler’s laws
O It Law of orbitals

Path of a planet is elliptical with the sun at a fo-

cus
o 11" Law of areas

dA
Avreal velocny
ol m

( b,

T?xca’or T? «
For circular orbits T2 « R?®

M
i §4O
e Page

) (mean radius)®

*

Wa

KEY POINTS

At the centre of earth, abody has centre of amass,
but not centre of gravity.

The center of mass and entre of gravity of a body
coincide it gravitation field is uniform.

You does not experience gravitational force in
daily life due to objects of same sizer as value of
G is very small.

Moon travellers tie heavy weight at their back
before landing on Moon due to smaller value of
g at Moon.

Space rockets are usually launched in equatorial
line form West to East because g is minimum at
equator and earth rotates from West to East about
its axis.

Angularmomentum in gravitati field is con-
served because grav &ﬂal a central

force.
@ S sec IaW or constancy of areal veloc-
ity |s nce of conservation of angular

yTORD
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Work done = Change in surface energy
= 4n RST(E—ij 4nR* T(n** -1)
R

* Excess pressure P, =P, —P,_

o Inliquiddrop P, = 2T

4T
o Insoap bubble P, -y

ANGLE OF CONTACT (8,)
The angle enclosed between the tangent plane at
the liquid surface and the tangent plane at the
liquid surface and the tangent plane at the solid
surface at the point of contact inside the liquid is
defined as the angle of contact.
The angle of contact depends the nature of the
solid and liquid in contact.

* Angle of contact

6 < 90° = concave shape, Liquid rise up
* Angle of contact

6 >90° = convex shape, Liquid falls
* Angle of contact

6 = 90° = plane shape, Liquid neither rise K‘H“

*  Effect of Temperature on a S
On mcreasmg te e\kjrfa e tenstloré
creases, thlx cos @, mcreases?@g‘?}

and 6, decrease. So on increasing temperature,

0, decreases.

*

Bl

*

Effect of impurities on angle of contact

(@) Solute impurities increase surface tenstion,
so cos O, decreases and angle of contact 6,

increases.
(b) partially solute impurities decrease surface

tenstion, so angle of contact 0, decreses.

Effect of Water Proofing Agent
Angle of contact increases due to water profing
agent. It gets converted acute to obtuse angle.

2T cos0
reg

Capillary rise h=

. 1
* Zurin’s law hoc;

r
*  Jeager’s method T =?g(HP— hd)

*  The height 'h' is measured from the bottom
of the meniscus. However there exist some
liquid above this line also. Iff correction of
this is applied then the f Is will be

rp \é CO

2c0s0

When‘wc@ ubblesare _ nr, .
n radius of _r—rz(l 2)

curvature of the common surface

When two soap bubbles are PR
- =1 +r

combining to form a new 1o

bubble then radius of new bubble

Force required to separate Fo 2AT

two plates T d
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to latent heat of vaporization.
Heat is energy in transit which is transferred from
hot body to cold body.

One calorie is the amount of heat required to raise
the temperature of one gram of water through
1°C (more precisely from 14.5 °C to 15.5°C).
Clausins & clapeyron equation (effect of pres-
sure on boiling point of liquids & melting point

of solids related with latent heat)
e__ L
dT T(Vz—Vl)

Conduction Convection Radiation

In condiction, heat is transferred from one point
ot another without the actual motion of heated
particles.

In the process of convection, the heated particles
of matter actually move. In radiation, interven-
ing medium is not affected and heat is transferred
without any material medium.

Convection Radiation
Heat transfer due to  Heat transfer with out

density difference any medj
_‘T(@a nekic

Actual motion of
radiation e .

Conduction
Heat transfer due to
Temperature difference
Due to free electron or
vibration motion of
molecules

w@\N
heat transfer in sgli ewrx’ﬁn fluids
(in mercu ) (Liquid + gas)

Slow process Slow process Fast process
(3x10° m/sec)
THERMAL CONDUCTION
( Electrical eyulvalent
T \ T R
d - N
—_ A A—MWAV—s B
O d J T4 T
dt
T KA(T,-T
Rate of heat flow Q. —KAd— or Q :M
dt dx t 4
l

Thermal resistance R,=—o
KA

Rods in series Rods in parallel

NI K, A,
z, z, K, A,
23 KA
K, = -
« =T /K K=

Growth of Ice on Ponds

Thus taken by ice to grow a thickness from

X tox,: t=

[K = thermal conductivity of ice, p =density of ice]

RADIATION

* Spectral, emissive, absorptive and
transmittive power of a given body surface :
Due to incident radiations on the surface of a body
following phenomena occur by which the radia-
tion is divided into three parts.
(@) Reflection (b) Absorption (c) Transmission

amount of inciden\
radiation Q

amount of reflected

radigtiop Q.
NPZ20
- O
"-{adiation Q|

O amount of transmitted
60 radiation Q,

Fr &ergy conservation

Q=Q +Q,+Q = %+%+%=1=> r+a+t=1
* Reflective Coefficient: r= Q
Q
*  Absorptive Coefficient: a :%
* Q,

Transmittive Coefficient : t =

Perfect reflector
Ideal absorber
(ideal black body)
Perfect transmitter
(daithermanons)

r=1landa=0,t=0 =
a=landr=0,t=0 =

t=1anda=0,r=0 =

Reflection power ()= {%XlOO}%

Absorption power (&) = {%Xloo}%
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Intensity of sound in decibels

I
Sound level, SL =10log {I—J

Where I, = threshold of human ear = 10-22W/m?

Characteristics of sound

*

Loudness — Sensation received by the ear due to
intensity of sound.

Pitch — Sensation received by the ear due to fre-
quency of sound .

Quality (or Timbre) — Sensation received by the
ear due to waveform of sound.

Doppler’s effect in sound :

Source @——» v

Observed frequencyn’

A stationary source emits wave fronts that propa-
gate with constant velocity with constnat sepa-
ration between them and a stationary observer
encounters them at regular constatn intervals at
which they were emitted by the source.

A moving observer will encounter more or lesser
number of wavefronts depending on whether he
is approaching or receding the source.

Asource in motion will emit different wave front
at different places and therefore alter wavelength
I.e. separation between the wavefronts.

The apparent change in frequency or pitch du“

to relative motion of source and observm
the line of sight is called Do

<—.ob

P ( speed of sound WGP denger

observed wavelength

. V+V, VHV,
n'= = n
(V_VOJ V-V

n

V+V
IfVO,V <<V then n'z(]_+ + ;jn
s Y,
+  Mach Number = SPeedof source
speed of sound

Doppler’s effect in light :

Case | : Observer Light Source
b +—e
(0] v S

Frequency V' =(

Wavelength A’ =[ ¢ Jk ~ (1_XJK
1+7% c

Violet Shift

Case Il : Observer Light Source
3 &

. vel1-Y v
1+¢ c

Wavelength k’z( i+

Frequency V' =(
Red Shift

o\< of
N—
>
4
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