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= Topic one & MASS & WEIGHT

« Topic two-> GRAVITATIONAL NEWTON'S LAWY
* Topic three > G vs g (cases) _~
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ST TdT X (MASS AND WEIGHT)

* Gravity is a weak or weak fundamental force that is exerted
between each particle or body in the universe due to their
mass.
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Comparison of Mass and
Wel ht
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Mass is a property of matter.
The mass of an object is the

same everywhere.

Mass can never be zer0

Mass does not change
according 1o location.

Mass is a scalar quantity. it
has magnitude

Mass may be measured using
an ordinary balance.

Mass usually is measured in
grams and kilograms.

Unit - Kilogram (Kg)

Weight depends on the effect of
gravity. Weight varies according to
location.

Weight can be zero if no gravity acts
upon an object, as in space

Weight increases or decroases with
higher or lower gravity.

Weight is a vector qguaniity. It has
magnitude and is directed toward the

center of the Earth or other gravity
well

Weight is measured using a spring
balance.

Weight often is measured in newtons,
a unit of force.

W= mg
Umt : newton (N)




On Earth On the Moon In space

Mass =10kg Mass =10kg Mass =10kg
Weight= 100N Weight= 60N Weight= ON




NEWTON'S LAW OF GRAVITATION

» According to Newton's law of gravitation, if two objects of
different masses are at some distance from each other, then
the force between them is directly proportional to the product

and inversely proportional to the square of the distance
between them.
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Q. If the mass of the object is doubled and the distance
between them is halved, how many times will their force
increase?



Calculate the gravitational force of attraction between two metal

spheres each of mass 90 kg, if the distance between their centres
is 40 cm. Given G = 6.67 x 10! N mz/kgz. Will the force of

attraction be different if the same bodies are taken on the moon,

their separation remaining the same?




Difference between G and g

G g

G is the Universal g is acceleration due to
Gravitational Constant ‘gravity

G=667x10" Nm?/kg? Approxvalueg=98m/
9" .
Value of g varies from one

place to another on the
Earth.

Constant throughout the  Changes every place on a

Universe planet. E.g., on the Moon,
the value of g is 1/6™ of
that on the Earth’s
surface.




* This is called the universal
gravitational constant.

* Its value never changes.
fadis #gd &

* GHHT Al HHT gl
deeld gl

* This is called the
acceleration due to gravity.

* Its value varies from place to
place.
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. Point P above the Earth Surface

[ Height h above the Earth Surface

Radius of the Earth R

Centre of the Earth O



RELATION BETWEEN G AND

» If the mass of a planet is M and the radius of that planet is
R, then the value of acceleration due to gravity on the
surface of this planet is

_GM

g 3

 The value of gravitational acceleration does not depend
on the mass of the thrown



- afe et Ig T gegA Mt 3R 39 T f BT R
Bl al 39 UqE & g W I/caAld a0l HT Hlel

» AECAT AT & A B T aF] & GedHAT W AR
el T B GM

g~ 2

I.-
iy
1




Q.M a&q F gcIAT H 2 I X fear Jw| IR 3% & &
Gl I 3T &Y f&ar ST At 3ok & ol arell aof fhdar e
g¢ SITuam

Q. If the mass of the object is doubled, And if the distance between them
is halved, then how many times will the force acting between them
increase?

(a) 15 times (b) 16 times (c) 14 times (d) |17 times



Q. If keeping the mass of a planet constant its radius is increased
by 3% , then by how much will its acceleration due to gravity
increase or decrease?

Q. Ife; THET TE & GeTAT PI FEAT I@HT 37T =31 H 3% HT g
T &I ST AT 3 IBcdld ca’oT H fehclar gefer a1 T grafr?

a. 4 % Increase
b. 4% decrease

c. 6 % decrease
d. 6 % increase



Q If the mass of a planet is constant, by keeping its radius increased by
2% then what was the increase in its acceleration due to gravity?

Q. Ife fhdr IE & gcIA Al PR TWH 3FH! 95391 A 2% H
gﬁaﬂﬁmmanﬁgmﬁmmwﬁﬁmmgﬁHHMT

. 4 % decrease
2 % increase
4% increase

2 % decrease

Qaooow



Changes in ‘g’ value

(gﬂ?mﬂ#m)

Case | :The value of ‘g’ is due to the height above the surface
of the earth. (giﬂmmaim‘#m*m)

Case Il : Due to Below from the surface of the earth

(qedt & Wag & NS F FRT)

Case lll : Due to the rotation speed of the earth

(gedt A gl afay & @wor)
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Case | :The value of ‘g’ is due to the height above the surface
of the earth. (‘g’ FT A YLl & HAE # 3918 & HRT)
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Case Il : Due to Below from the surface of the earth

(JLAt & Wag & Mg F FRT)

Value of g below the Earth's surface

g’=g(1-%.

where

* g is the gravitational acceleration on Earth's surface
* h is the height of the point below the Earth's surface
* R, is Earth's radius(~ 6.3781x10°m)
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Case lll : Due to the rotation speed of the earth

(gzdt #r goie afa & Fror)

' 2 2
Variation of ‘g’ with latitude due to rotation of earth: g'=g-m Rcos™ A

2
mm2 Rcos A Al pOlCS,

\ A =90°

> mo Rcosh At equators,
A= 0"

Case 1:

At poles,

g'puac =g ~®°R cos™90° = g
g£=8

Case 2:

Al equators,

. 9
£ equator =g —® R cos™ 0°



Rotating Ty
Earth

At poles,
OB

At equators,
r r=0°

“.
l Case 1:
10— A poles, 2
£ pole =8 ~®°R c0s™90° = g
g=g . a
Case 2: F =" X

Al equators,

y . ).
£ equator =§ - R cos™ 0°
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IMPORTANT POINTS

= The value of acceleration due to gravity at the pole is greater
than that at the equator.

= The value of acceleration due to gravity increases on moving
from the equator towards the pole.

= The value of acceleration due to gravity decreases on coming
from the pole towards the equator

= The value of acceleration due to gravity at the pole does not
change if the speed of the earth is increased or slowed down;



IMPORTANT POINTS

/%g@wmﬂmﬁwmﬁmﬁm
|

/?ﬂaamﬁuaﬁmmwmwmﬂmm
|

\/ﬂaﬁﬁga?r

I 3R A W IBcdIT caoT &l AA Te&dr

X

gl & IIfd dst AT AT A T wm?q‘mma;r

L




B ‘Weught maximum m -’ M%

at poles

Force of

P gravity

‘ Center of
\ earth




IMPORTANT POINTS

= On increasing the speed of the earth, the value of acceleration
due to gravity (g) at the equator decreases. And on exceeding
17 times, the value of gravitational acceleration at the equator
becomes zero.

= On reducing the speed of the earth, the value of gravitational
pull on the equator increases.

= |f the atmosphere is removed from the earth, the duration of
the day will decrease
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Q. At what height from the surface of the earth will the
acceleration due to gravity become one-ninth of jts value on

ea%%;g?ius - 3400) - f{?—?ﬂ x
Q. Hag ¥ fhdell Fa1$ IR ¥ cavoT HT g2t W
AT &1 1/9 &Y ST (13541 = 640C

a. 6400
b. 3200
2~ 12800
d. 9600

OM =













Q. At what depth will the value of acceleration due to gravity
become 2 (half) of the value of gravity on the surface
[Earth s radius (r) = 6400km]

?_?_WLWWWWWWWQ;W
aﬁr:m?r'/z asnwrr[ T 34T (r) = 6400km]







Q. If the Earth stops rotating around its axis, then the value of g
at the equator

W g FT AlA-
Ry N
\ar R will increase T

(b) W2R will decrease |
(c) W2R? will increase Y
(d) W?R? will decrease X
WP >
R )

2







Q. At what height from the surface of the earth will the
acceleration due to gravity become one-fourth of its value on
earth (radius = 6400 )

Q.91 & g H el Fa1$ W Bcdd caoT T gl 91 & Hlel
T 1/4 & ST (AT = 6400 km)
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Condition Figure velocity Acceleration  Reaction Conclusion

Laft is at rest v =0 a =0 R - mg =0 Apparent weight
“ R = mg = Actual weight
=== |
Laft moving v = constant a = 0 R -mg=0 Apparent weight
upward or SR = mg = Actual weight
downward
with constant
veloan
S L ‘ "‘J
LNt accelcratng v = varmable a < g R -~ mg = ma Apparemt weight
upward at the SR = mgra) > Actual weight
rate of “a’ ‘.
e T—
"y
LN accelemung V = vanablec a ~ g R - mg ™ mg Apparest weight
upward at the R = 2mg = 2 Actual weight
rate of g’
LNl acceleratung V = vanablec a < g mg ~ R = ma Apparemt weight

downward at
the rate of ‘a’

SR = m@Eg ~a) = Actual weight




Conclusion

apparent
weight

+qsC

dofed

Condition Figure Velocity Acceleration Reaction
ACtuaI Liflt moving
2 downward
m. t with - . s i R-mg = 0 Apparent weight
constant V = constant . J.R = mg w Actual weight
velocity
Al
m accelerating
downward , Apparent weight
at the rate v = variable a<g mg - R=ma is less than Actual
of ‘a SR =mg - a) Lwelight
-
mg
Lin
accelerating R
downward T
Sa 4 sy mg - R=mg | Apparent weight
of ‘'g". v = variable a>g SR =0 is equal Zero
1T I= (weightlessness)
-
mg
-+
Lt'(? e - Apparent weight
.;((.c er .flll:u - negative means
« ov;r‘nwan the body will rise
at l e rate “ s from the floor of
of a(>) the lift and stick

-
mg

a>g mg - R = ma
: = g — ma
- Rw - ve

to the celling of
the life,




MS

FMS- W= mxa

W

weighing
machine




A B C
:"l’,
R

Constant Speed Upward Downward Downward
a=0m/s/s Acceleration Acceleration Acceleration
a = 5.0 m/s/s, a = 5.0 m/s/s, a =98 m/s/s,
up down down



DENSITY

Substance / Matter .

* The thing which occupies space which has mass and which we
can feel with our sense organs is called matter.

* Ex:iron, wood, air, milk, water, etc.

+ J§ IE] S T O ¢ [S8A gcgAT glar g
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Gas

Liquid




Plasma state

Solid Liquid
* This is the fourth state of matter. P

* The plasma state has a temperature of about "-{'

200,00'C. y "
* The plasma state is an ionized state. Stongbonds  Weak bonds
« Ig gery &r Tl rawerm g - —
» COllGHT 3GEAT &1 ATGHT o9Te7er o000 "™ o,

gra & L P
. CIATSHAT HAEAT U HAfad 3aEaT B re,

no bonds lomzation



* Plasma is often found in the interstellar space (inter sheller
space), discharge tubes, atmospheres of nuclear reactor stars,

etc.
* The heat (energy), brightness of the Sun and stars is due to the

plasma state.

« STSTAT 9T HAARGT T (Inter sheller Space) [aaata
Aferen!, AAHII RUFel dRi & I-gAvSH, $caife # 9 I &

-g\ﬁmarﬁﬁsw(m),wmma:mm
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Examples of Plasma

Plasma is a state of matter consisting of free charged particles.

<> o

Lightning Solar Wind Aurora

Fluorescent Light Nuclear Fireball

|
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Bose Einstein Condensate

 This is the fifth state of matter.
* In 1920, Satyendra Nath Bose predicted the fifth stage.

« Cornell, Lyman Ketterle was awarded the Nobel Prize in
2001 for achieving this stage.

e g YTy T gTadT NTEAT
e 1920 # AAeg ATYT §19 o 9rAdr JIEAT hr ATASIQIUir |
« 3H HAEAT Fl 9Ied e & T A 2001 H FlAd, A
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Case 1 : When the lift is going down with a uniform velocity then

mﬁwwmﬂa‘mﬂ;ﬁ?}mme‘ra’r
sy Bufa # 9R 39dafda w@am

In this case the load will remala “
o
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Case Il : When the lift is going up the same Velocity
Sid foIoe Ush AT oldl ¥ 3W 1 IE

ufa & o Ove A garR afFa &1 ¢

Even in this situation, the weight of the person in the 0o

lift will remain unchanged.




Case lll : When the lift is going up with uniform acceleration
Sa fooe UTH|FHAA caxor | 3W ST @1 al -

=g U & #TST T AR §¢ ATTT| \/
IS situation the weight of the man will increase.







Case IV : When the lift is going down with uniform acceleration

mﬁwwmmﬁ;ﬁ'ﬁmr&a‘rm\/
3 &l # Aeqqsg &7 ¢ @r-

In this case the weight of the man will decrease

Vna -T=maq
0.0 g




Case V : When the lift rope break@
Sie folre &7 IEAT g€ SATTam

3H Fufa 3 AT T AR YT &1 AT
this situafion the weight of man will become zero




Case VI : a>g and the lift is going down, then-
a>g gl aur F%CFG AT ST IET &,
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PRESSURE

= |f a force is acting on a surface perpendicular to it, it is said that
the pressure is exerted on the surface.

* The pressure exerted on a surface is equal to the ratio of the
force exerted on it and the area of the surface. Hence, the force
acting on unit area is called Pressure

FORCE

PRESSURE = T




Force (F,)
Area(A)

Pressure (p) =
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! FORCE
P F PRESSURE =
AREA




A=001m"

P = 10,000 Pascals

Pressure

Same force.
different area.
different pressure



PRESSURE ( UNITS)
@ 1 A+m. = |0)- 325K Pe SI=N _fa
2




Pressure = height of the column x density of the liquid x
gravitational field strength

P:fa.’,\




P, > P >0
— Holes for jets "'E"
Spouting can A

vvaer 3 Weakest jet
Pressure
increases z
with depth )
v
— StrofMyest jet %
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qr&hd & [9H [Pascal's Law]:

 |f the effect of gravity is considered zero, then in the state of
equilibrium, the pressure at every point inside the liquid is the
same.

« |f the force of gravity is considered to be effective, the liquid
pressure increases with depth, but at the same depth, the
liquid pressure is still the same.

* The force exerted on any part of a liquid confined in a vessel is
distributed equally in all directions by the liquid. The size of the
vessel no longer affects the pressure.



qrEhel *ﬁ'uﬂ[Pascals Law]: @
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Pascal’s law
External

pressure
#

Pressure applied on one point of liquid
transmits equally in all direction







second force s 10 times ongmnal force
FouePoA2-10 x Fy

ongmnal forc

Fi=Py A
area A2
area A Ay x 10)
fluid
Py = - F2 = r£2
Ay Ao

Pascal’s principle

Py = Py
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Codel [Floating ]

* Floating of an object in a liquid is called floating. Floatation
depends on the weight of the object and the buoyancy of

the tube.

* Archimedes was the first to study the impulse of time and
gave a principle which is called the principle of Archimedes.
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Archimedes’ Principle

Floating (Ledde)

- An object immersed in a

liguid has an upward buoyant
it % force equal to the weight of the

@V liquid displaced by the object.

= An object will float if the
Archimedes upward buoyant force i1s greater
287 — 211 BC than the object’s weight.

(courtesy F. Remer)



ARCHIMEDES PRINCIPLE




ARCHIMEDE’'S PRINCIPLE

+ Sfe ToRET aFd T gd H HITRI IT JUT FT F ST SATAT & ot
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Buoyant Force

Fg is the buoyant force,

py is fluid density,

V is volume of fluid displaced,
g is gravity.
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