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LECTURE # 01

Physics Lecture # 01
INTRODUCTION TO GENERAL SCIENCE
AND SYSTEM OF MEASUREMENT

What is it that allows us to term Biology, Chemistry and Physics as sciences whereas literature,
languages, history and art are not termed as sciences? The answer to this question is the
reproducibility of the results is the basic difference between science and humanity. Science is
something which deals with experimentation, has certain methods and procedures. We can better
understand about reproducibility as whatever a person is saying another scientist or researcher in
another laboratory can reproduce those results...for example we take a small piece of equipment,
measure its length and reported that its length is 10 cm. Another person who has the same
equipment can do this and confirm the result. In other words, we can say that under similar

condition and circumstances will lead to the similar results.
Science is basically means to look observe and discover something.

Scientific method is a method of procedure consisting in systematic observation, measurement,
and experiment and the formulation, testing and modification of hypothesis. It is just a road map
for the study of science itself. It is through this process of experimentation and refinement by
which new scientific knowledge is generated. It is a process through which we explore, observe
and experiment. Scientists use this to search the cause and effect relationship in nature as
something is happen by something which is causing it. Hypothesis is nothing just a statement
conveying that we observe something. Then we test that statement through experiment and get a

set of results. Here we can reach at three conclusions:

I. Hypothesis is correct and reported.
ii. Hypothesis is partially correct and reported
iii. Hypothesis is incorrect

If we reach at result 2 or 3 then we again observe the facts, consult with actual results and keep
testing until reach the actual result.

All sciences obey two philosophical principles: 1. Principle of logic and 2. Search for the truth.
Physics is known as fundamental science as other sciences use the laws and principle of Physics.

Physics deals with the study of properties of matter, energy and mutual relationship between

them.
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The System International Units is system of units which is used for measurement of different
thing internationally.

Measurement system develops over centuries. The first measurement which is recorded is cubit. It
is a measurement of length. It comes from ancient Egypt. It is the length of the tip of the finger to
the bottom of the arm of a Firon.

In SI Units, there are seven base units:

Base Quantity Unit
Length Meter
Mass Kilogram
Time Second
Current Ampere
Temperature Kelvin
Quantity of a substance Mole
Luminosity Candela

Besides the base units, we have two supplementary units:

Plane angle radian
Solid Angle Steradian

Whenever two same units are added or subtracted, the final unit remains the same. But when two
or more same units or different units are multiplied or divided, we have a new unit which is

known as derived unit. For example

Area = length x breadth

m?=mxm

Or

Speed = distance travelled / time taken
ms™ =m/s

Scientific notation is a method to write very small and very large numbers in powers of ten, e.g.
100,000,000 = 1 x 10° or 0.00002315 = 2.315 x 10°°.

All the quantities in Physics need three things to be defined and four if we add the direction:

a) A number telling us how much

b) A unit telling us what the quantity is

c) A prefix if the required quantity is very large or very small like megawatt or nanometer
d) Direction
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Common Prefixes

Nano (n) = 1x10?
Micro (p) = 1x10°®
Milli (m) = 1x10°®
Centi (c) = 1x107
Kilo (k) = 1x10°
Mega (M) = 1x10°
Giga (G) = 1x10°
Tera (T) = 1x10%
Peta (P) = 1x10%™

© © N o g s~ w Db E

Physics is divided into two main branches: Classical Physics and Modern Physics
Classical Physics deals with mechanics, waves and light, heat and electricity and magnetism.
Modern Physics deals with Quantum Mechanics and Atomic and Nuclear Physics.

Mechanics is a branch of science which deals with the study of motion of objects. Mechanics is

divided into two:

Kinematics: It is a branch of Physics which deals with the study of motion of bodies without the

influence of force.

Dynamics: It is a branch of Physics which deals with the study of motion of bodies under the

action of force.

State of rest: A body is said to be in state of rest if it does not change its position with respect to

its surroundings. e.g. a book on the table is at rest.

State of Motion: A body is in motion if it changes its position with respect to its surroundings

over time.
Motion is of three types:

1. Translatory Motion: Such type of motion in which every particle of a body has exactly
the same motion. Translatory motion is further divided into three types of motion:
a) Linear Motion: Motion in straight line is called linear motion for example the
motion of freely falling body

b) Circular Motion: Motion in circle is called circular motion for example a stone
attached at one end of a thread, when whirled, it will move along a circular Path.
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c) Random Motion: If a body moves in an irregular manner is called Random
Motion for example Motion of Football player on the ground, flight of a butterfly,
motion of gas molecules

2. Rotatory Motion: The motion of an object around its axis or when each point of a body
moves around a fixed point or axis e.g. motion of a fan, the wheel of moving vehicle, the

hands of a clock.

3. Vibratory Motion: To and fro motion of an object is called vibratory motion. e.g. motion
of pendulum, A Swinging Cradle, Opening and Closing the door of a refrigerator

Are motion and rest absolute or relative? No, these terms rest and motion are relative. For
example, a person inside a car, carrying a ball in his hand will see the ball is at rest. While for

another person, outside the car will see the ball is also moving.

How can a state of motion of a body depend upon the observer? Consider two observers — one
in train and the other on plate form. The person in the train has a book at his side, for the
passenger the book is at rest with respect to him. For the observer on the platform the book would
move at a high-speed as the train hurtles past. Thus the position of the observer would determine
the state of motion of a body.

Can we say that a body is completely at rest, or a body is at absolute rest? Consider the book
on the table, even though the book is at rest with respect to the table it is nevertheless moving
with the earth as it rotates on its axis and revolves around the sun in its orbit. Also we do know
that the sun, the galaxy and off-course the universe is in motion, so the concept of complete or

absolute rest is not attainable at present.
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LECTURE # 02

Physics Lecture # 02

KINEMATICS- |

1.  Physical Quantities: A Physical Quantity is that which can be described or measured in
terms of fundamental, derived or supplementary units. Mass or length or temperature of any
quantity can be measured, that quantity is known as physical quantity. The measurements
remain the same (within the accuracy of the measuring system) irrespective of who makes
those measurements Some examples of Physical Quantities are length, area, volume, time,
frequency, speed, volume, mass, force, electric and magnetic parameters, strength of

materials etc.

2. Non-Physical Quantities: Quantities which do not have the same value for all observers,
but are dependent upon who is making the measurement i.e. are subjective, are nonphysical
quantities. Examples are emotive or ecstatic measurements like love, hate, beauty, happiness

etc.
3. Physical Quantities can be sub-divided into two different components:

a)  Vector: the quantity which requires a direction along with magnitude and unit for its

representation. Examples velocity, displacement, acceleration, force, momentum

b)  Scalar: the quantity which requires only magnitude and direction for its description.

Examples distance, speed, mass, time, work, pressure etc.

4.  Adding scalar quantities: We add them just like everyday arithmetic i.e. 5 litres of milk

and 7 litres of milk added give 12 litres of milk.

5. Head to tail Rule: This rule is use for addition and subtraction of vectors.

n
>

A Y Y
B C
2km
4
X X Z
1km 1km
v
A Resultant = 2km » D

© Copy Rights Virtual University of Pakistan Page 8



General Science (GSC101)

Vectors are not added with simple arithmetic rules. Join the head of first vector with the tail
of second vector. To get the resultant vector join the tail of first vector with the head of
second vector. This is known as head to tail rule. If we have only two vectors then we add
them by two different ways but the resultant is same in every case. A+ B=C =B + A. if we
have three vector, add them in 6 different ways but the resultant is same. XYZ, YZX, ZXY,
XZY,YXZ and ZYX.

6.  Scalars are physical quantities which do not need a direction to be defined like a mass of 4
kg or 11 litres of milk etc. While vectors are physical quantities which are incomplete unless
direction is specified, like a force of 200N acting upwards. It is pertinent to mention that
Physical quantities already defined as vectors (weight, acceleration, velocity etc.) normally
do not require mention of direction in a problem unless it changes during the course of the
solution.

7.  Distance: Moving between two points (from point A to point B), covers distance.
Displacement: Distance between two points in particular direction is called displacement.

The Sl unit of both distance and displacement is meter. Meter is the base unit. Some units
are smaller than meter and some are lager.

Smaller units (smaller than a meter)

centimetre (cm) 1/100 of a meter
millimetre (mm) 1/1000 of a meter
micrometre (um) 1/1000 000 of a meter
Larger units (larger than a meter)
kilometre (km) 1,000 meters
Mega-metre (Mm) 1,000,000 meter (rarely used)
Astronomical unit (AU) 150,000,000,000 meters or 1.5x1011m
Light Year (LY) 9,400,000,000,000,000 m or 9.4x1021m
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8.

10.

Differences between distance and displacement:
»  Distance is scalar quantity while displacement is a vector quantity
»  Displacement needs direction while distance not.

>  Distance is the length of the actual path traversed by an object during motion in a
given interval of time while displacement is the shortest distance between the two

positions of the object in a particular direction during a given interval of time.

»  The value of distance can never be negative or zero while the value of displacement

can be negative or zero (if final and initial position coincide).

»  The actual distance traveled by an object in a given interval of time can be equal to
or greater than the magnitude of Displacement while the Displacement of an object
between two points tells about the shortest distance between two points. It can be

less than the distance.

Speed: the distance covered in specific period of time. It is a scalar quantity. Its unit is ms™.

Its formula is speed (v) = distance moved

_ _ _timetaken _ _
Velocity: the displacement covered in specific period of time. It is a vector quantity. Its unit

displacement

time taken
(We do not normally indicate direction with speed or velocity, but their names differentiate

is ms™. Its formula is velocity (v) =

between vector and scalar quantities — velocity being a vector and speed a scalar quantity —
direction is only mentioned if it changes/or required in the solution of the problem)

For solution of problems, we have divided velocities in different types. Initial Velocity is
the velocity which is at the start of the problem. Its symbol is V;. Final Velocity which is
asking at the end of the problem. Its symbol is V. Average Velocity: total displacement
covered in total interval of time. Instantaneous velocity, Constant velocity and Variable
velocity all have the same symbolic representation which is V. All velocities have the same
units i.e. m/s or ms™. the formulas for finding the average and instantaneous velocities:

_ displacement s

av

time t
or v. . =lim S
st At50 At
Vi +V,
Vav = 2
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11. Relative Velocity: Relative velocity is always a velocity when there are two or more bodies

moving with respect to each other. Relative velocity has two relationships:

a) Bodies moving in the same direction. V rejative =V 2-V 1
b) Bodies moving in opposite directions V reaive =V 2+ V 1

12. Acceleration: the time rate of change of velocity. SI unit of acceleration is m/s® or ms™
meters per second squared. It is a vector quantity.
change in velocity

time taken
change in velocity = v, -V,

acceleration =

Vi -V,

a= !
t

Acceleration and deceleration: both have similarities and differences. Similarities are: both are
vector quantities and have same unit. Difference is: acceleration is increase in velocity over the

time interval. Deceleration is the decrease | velocity over the time interval.

13.  Arrunner on a race track runs 400m in 42.8 seconds. What is his average speed?

Data:
Distance covered s=400m
Time taken t=428s

Information required: Average Speed?

Relationship (formula)

distance _s
eed=——————==
time t
speed,, = 400M _g 35 ™ or ms*
42.8s S
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LECTURE # 03

Physics Lecture # 03

KINEMATICS- 11

1. Graph: A graph is a mathematical tool or technique to show visually the relationship
between two or more quantities. The quantities are always express along Horizontal Axis or
X-Axis and Vertical axis or Y-Axis. These two relationships show how X-axis changes Y-
axis is the visual representation which tell us the information which is conveyed. In Physics
we look at trends therefore graphs are the best fit curve (or line) of the data points and
therefore a continuous curve. In Biology on the other hand we are looking at living

specimens therefore the line is plotted data point to data point.
2. Shapes of Graphs:

e A proportional quantity increasing with respect to (w.r.t.) another will give a straight

line e.g. a body moving with constant speed w.r.t. time.

Distance/m
Y-axis

»
>

e A guantity constant with time will also give a straight line, but one which is parallel

to the x-axis e.g. position of a book at rest w.r.t. time

A

Distance/m
Y-axis

»
>

time/s X-axis

e A quantity which increase with time but not at a constant rate will give a curve e.g.

distance covered by a falling object w.r.t. time

Distance/m
Y-axis

»
»

time/s  X-axis

e A quantity which decreases with time at a constant rate will give a straight line e.g.

speed of a motorcycle once brakes are applied w.r.t. time
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speed/ms™

Y-axis

»
»

time/s X-axis

3. Steps required to plot a graph:

Choice of variables along x-axis and y-axis means which quantity is to be

represented along x-axis and y-axis alongwith its unit.

Selection of suitable scale: scale means a certain distance along the graph. Scale
should be chosen so that the extreme data points occupy 2/3rd of the graph area.
This allows us to extrapolate what the relationship would be beyond the data

points, i.e. predict what if.

Acceptable scales divisions are magnitudes of 1, 2, 4, and 5 per box. Not
acceptable scale divisions are magnitudes of 3, 6, 7, 8, and 9 per box as these are

difficult to plot or read

Plot the points: Points are plotted to represent the data available. Join the points to
indicate trend by making a best fit curve or straight line.

4.  Presentation of the Graph

Give a suitable title means what is plotting against what i.e. Distance —Time Graph
or a Velocity — Time Graph

Mention the scale: e.g. 1small box along y-axis represents 1 cm and 1small box
along x-axis represents 2 s

Physical Quantity and units: Mention the physical quantity and scale along each
axis e.g. distance/m.

Plot the points to get a curve or a straight line.

5.  Relation or proportion

Direct or increasing proportion means that an object starts from rest when its
distance and time is zero and after some time its velocity is increasing with the
increase in distance and time then there would be a straight line which shows a
Direct or increasing proportion.

Inverse or decreasing proportion means that an object is moving with constant
velocity and suddenly breaks are applied then the velocity is decreasing as the
distance and time increasing which shows a Inverse or decreasing proportion
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) speed/
Distance/ mst
m

»
»

v

time/s time/s

Sometimes acceleration might have not constant with time, so we have curves upward is

increasing proportion or curve downward showing decreasing proportion.

A

speed/
-1

Distance ms

m

v

»
>

time/s time/

6. Distance — Time Graph: if distance is increasing with respect to time then we have a
straight line as shown below

A

Distance/m

»
>

time/s

If the object is moving with constant speed then we have the graph show below

A

Distance/m

»
>

time/s
7.  Rate of change, or slope of a graph:

Finding the Rate of change or slope of a graph. Here we define the slope: change in the
value of Y-axis with respect to X-axis.

© Copy Rights Virtual University of Pakistan Page 14



General Science (GSC101)

Formula: -
Slope = Y2~ h
X, =X
A

Yo [TTTTTTTTTTTTTTTTTTTTITTT S |

Distance/m i

v |7 ' i

X1 Xo time/s

Finding the Rate of change or slope of a graph at a point P of a curve at that point

Y2 T Y1
Xz _Xl

Formula: S|Ope =

Curve passing point P
A S

Normal to curve at point P

Y2 \/ ______
\

Tangent at point P
Distance/m

o

Yi [T T

X4 X2 time/s

Graphs allows us to derive empirical relationships between the quantities represented on the axis

A
Y. [ A !
: S|0pe:u
. : 2%
Distance/ !
Vi | |
1 1
! |
X1 X2 time/s

y,—Y, Distance (y,-y,) Distance

Slope = - -
X, =X time(x,—X) time
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As we know that distance divided by time is speed so slope of a distance time graph is speed.

A

Y2

Velocity/ms™

Y1

_____________ Slope = Y=Y

2 Xl

»
L

y,—y, _velocity &-y,) _change in¥elocity iMe/s

Slope = - -
X, =X time (X, —X,) time

As we know that change in velocity divided by time is acceleration so slope of a Velocity time
graph is acceleration.

8.  Questions

What states of a body’s motion are shown by the following figures?

A (a) A (b

Distance/m velocity/ms™

[ »
» »

time/s time/s

(a) The distance is not changing with time — the object is in a state of rest

(b) The figure depicts the state of motion of a body starting from a particular point. Its

velocity is not changing with time i.e. it is moving at a constant velocity

The figure depicts the state of motion of a body starting from rest. Discuss its acceleration in the

sections. Discuss its acceleration in the sections
(@) Ato B,
(b) B to C and

(c)CtoD
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velocity/ms™

»
»

time/s

(a) part A to B: Velocity goes from zero to a certain value — velocity is increasing with time

— body is acceleratin

(b) part B to C: Velocity is not changing w.r.t. time so the body is in a state of motion at a

constant speed in a fixed direction i.e. velocity is constant. Acceleration is zero

(c) part C to D: Velocity in goes from a certain value to zero — velocity is decreasing with

time — body is decelerating.

9.  What is meant by negative acceleration and negative velocity. Represent these changes

graphically.

Negative velocity indicates that the displacement is decreasing with time (body is coming
closer). Because acceleration is a vector a negative acceleration shall have a direction
always opposite to the direction of the positive initial velocity. Negative acceleration
normally means that the velocity is decreasing thus the slope of a velocity time graph should
be negative. It is also called retardation. Because acceleration is a vector a negative
acceleration shall have a direction always opposite to the direction of the positive initial

velocity.

Displacememt /m A

Negative velocity Negélltive_
acceleration
velocity/

ms™*

»
»

v

time/s time/s

10. What is indicated if the straight line (or curve) of the graph does not pass through the origin.

When a straight line or curve does not pass through the origin it indicates that there is a residual

value at that point. In a distance time graph it would indicate that there is a small displacement
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(distance) when the timer was started. Example: a handicap of five meters given to a weaker

runner in a race i.e. when the race started he already have 5 meters covered.

Yo

Distance/m

Y1 -

L

v

X1 X2 timels

© Copy Rights Virtual University of Pakistan Page 18



General Science (GSC101)

LECTURE # 04

Physics Lecture # 04

KINEMATIC EQUATIONS

11. The equation of motions tells us that how a body behaves when it is moving or
accelerating. There are three equations of motion also known as fundamental equations of

motion.

12.  Symbols Used:
V; = initial velocity
Vs = final velocity
a = acceleration
t=time

S = displacement
By taking any four of these quantities, we can find one or the other quantity.
13. There are certain conditions when we do equations of motion:

e Motion will always be taken along a straight line
e Acceleration will be constant
e Only the magnitude of velocity and acceleration will be considered
e Initial velocity v; will be positive; any quantity in the direction of v; will be positive
e any quantity in the opposite direction will be taken as negative
14. Relationship between velocity and time
e A constant velocity means that the speed or the velocity is changing at a constant
rate or Constant acceleration implies a uniform rate of change of velocity

e The longer the acceleration, the greater the change in velocity

e When a=constant, Voct
15. First Equation of Motion: Derivation

Suppose that a car is moving with initial velocity v;. After time t, the velocity becomes vs.
The acceleration a is the average acceleration because the car is moving with uniform

acceleration.
_ change in velocity _ A velocity _ Av
change in time A time At

Av = A velocity =v, -V, At =t (starting from zero time)
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Where A is change

Rearranging we get
Vi =V, +at
Where V; = initial velocity, V¢ = final velocity, a = acceleration, t = time

16. Suppose that a ball is travelling at 10 ms™ in a direction that we decide to call positive and
that 6 s later, it is moving in the opposite direction at 20 ms™. What is the average
acceleration of the ball?

Data available

vi=10 ms™t (+)

vi=20ms™ (-) =-20 ms™ (+)
t=6s

a="?

Relationship/formula
Vi=V;+at

Substitution

Vi =V + at

- 20 =10 +a*(6)
-20-10=6a

-30=6a

a=-5ms?

Minus sign indicates acceleration is directed opposite to direction of initial velocity.

17. A ball is thrown into the air with an initial upward velocity of 19.6 ms™. What is the
velocity of the ball after 2s? What is the velocity of the ball at 4s.

Data available

vi=19.6 ms™ (upwards)
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t=2s

a = 9.8 ms (downwards)

vi="?

Relationship/formula

Vi=V;+at

Substitution att=2s

Vi =V + at

Vi = 19.6 +(-9.8)(2)

vi=19.6 -19.6

vi=0ms*

At rest i.e. at max height

Substitution att =4 s

Vi =V + at

vs=19.6 +(-9.8)(4)

vi=19.6 - 39.2

v =-19.6 ms™

Same as v; but in opposite direction.
18. Second Equation of Motion

A body is moving with initial velocity v;, After time t, its velocity becomes v; We find the

total distance, s, covered in time t by the formula
Distance = Time x Average Velocity

s = vt >1.1
Average Velocity is given by

V;, +V;
Vaw = — 55— 212
av >

Substituting eqg.1 in eq.2
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19.

20.

. (Vi +V¢)

S = t
> 213

First Equation of Motion:
V=V +at
Substituting the first equation of motion in 1.3
(v +v +at), 2v at >1.4

§= =TTt
Second Equation of Motion: 2 2

1
s=Vt+—at’
2
Relationship between Displacement and Time
s = vit +¥at?

Displacement of a moving object is proportional to its average velocity and time as
S = Vy X T (directly if v is constant; a=0)

Generally S oc t2 (accelerated motion)

Velocity is proportional to time as well

v =a X t (directly if a is constant)

Constant Acceleration Motion:

The first graph is indicating that how the position is changing with time. On the right hand
side, second equation of motion is given with the first part missing shows that the object
starts its motion from rest. It is sloping upward indicating that how distance or displacement
is changing with time. In the second graph, we have a straight line which shows constant
acceleration motion because on the right hand side we have first equation of motion with

zero initial velocity. In the third graph, acceleration is constant with respect to time.
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Starting from rest

&
position 5= %arl
s/m -
F 3
v/ms! v=at
velocity
F 3
I3 —F’
a/ms
acceleration a = constant
time/s—

21. A brick is dropped from a height of 78.4 m. How long will it take the brick to reach the
ground? What will its velocity be before touching the ground? Aacceleration due to gravity

is 9.8 ms? downwards.
Data available

a =g= 9.8 ms* (downwards)
vi=0ms™ (rest)
s=78.4m

t=(0?); vi=(?)
Relationship/formula

s = Vit + Y at?

Vs = Vit at

Substitution for t=?
s=vit+ ¥ at?
784=0x (t) + % x 9.8 x t*
78.4=49¢

16 = t*

t=4.0s
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Substitution att =4 s
Vi = vit+ at
vi=0 +9.8x (4)
vi =39.2 ms™
22. Third Equation of Motion: Derivation

From first equation of motion
Vi =V

V, =V, +at=>t=
a

We define velocity as rate of change of displacement.

S
V,=— = Ss=V, xt
t

av

Where

ViV,

Vav 2

Using value of average velocity and time in equation

S:Vavxt: X =

2 a 2a

2as = V¢ — Vi

This equation shows the relationship between initial velocity, final velocity, acceleration
and distance and is the required the equation of motion.
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LECTURE # 05

Physics Lecture # 05
NEWTON’S LAWS OF MOTION

1. As we studied earlier that mechanics is divided into two branches, kinematic and
dynamics. Now we discussed dynamics here. Dynamics is the branch of Physics which
deals with motion under the influence of force.

2. Aristotle first gives the concept of force as something that caused motion. He stated that
when force acting is stopped, motion ceased.

3. 2000 years later Galileo, who was reputed to challenge Aristotle's teachings, regarded
Aristotle explanation as incomplete because it did not explain why a tossed ball flew in air
after the force on it (our hand) had ceased to act.

4.  Sir Isaac Newton was the person who explained this phenomenon in terms we now
consider to be correct. Something that can cause, or try to cause a change in the physical
state of a body.

5. Force can do a lot of things:

a) A force can cause a body to move or cause a moving body to speed up/stop or
change direction
b) A force can compress or stretch a body without causing motion

6. Force: The agent or agency that changes of tends to change the state of a body is called
force. In simple words we can say that an agency causing a pull or a push is a force. The
standard international unit of force is the Newton (N), which is the equivalent of a
kilogram-meter per second squared (kg m s7).

7.  Types of force: a). Contact Forces b) Non-contact or Action at a distance Forces.
Elastic push—pull force and Frictional or drag force are contact forces while gravitational
force (between two masses like Earth and Moon) and magnetic force (force between two
pieces of magnet) are non-contact forces.

8. Newton's First law: Everybody continues in a state of rest or of uniform motion, in a
straight line, unless an external unbalanced force acts upon it. This is also known as the
Law of Inertia. If an object is at rest, it will remain at rest unless some external force is
acting on it to change its states and if an object is moving with uniform speed, it will

continue its motion unless some external force is acting on it.
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9. Basic Trigonometry: Cartesian coordinate system contains three mutually perpendicular

directions x, y and z and is a three dimensional system also known as the real life system
of coordinates.

y-axis
All angles are equal
a,bandc

X-axis

v

Z-axis

10. Why we use coordinate system? The coordinate system combines with the trigonometry

gives us important relationship for the solving the problems. In physics, we are dealing
with two dimensional space.

y-axs 4

y=rsine _;

x-axls ix=rCos b

Trigonometric ratios

sing ="
r
Cmezi
r
Tano Sin@ _y
Cos@d x
X2+y2 :r2
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11. Force: Free body diagrams: A free body diagram represents all forces on a body, so we
can understand what action is performed by what force.
Example: a car on the road, four forces act on the car. Size of the arrows would be

indicative of magnitude of the Forces on the car.

Reaction of road upwards

Friction or drag force of road/air

ITTT T Y 3

Drive force

Road surface

L LTI

Weight of car downwards

12. Mass: quantity of matter in an object or the ability of matter to resist against the action of
force. The Sl unit of mass is a kilogram (kg) and as we have already studied it is a scalar
quantity (i.e. has magnitude but no direction)

13. Newton’s second law of motion: Acceleration produced in a body is directly proportional

to the applied force and inversely proportional to the mass of the body
acF

aoc—
m

Combining we get,

aoc —
m

F = constant x ma

In the SI measurement system the unit of force is a Newton [N] and is defined such that a

1 N force causes an acceleration of 1 ms™ in a mass of 1 kg as N = kg m s

1 N = constant x 1kg x 1 ms?
1= constant

Therefore in the SI measurement system F = ma
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LECTURE # 06

Physics Lecture # 06
LINEAR MOMENTUM & TENSION IN A STRING

1. Mass: The quantity of matter in a body is called mass. It is a scalar quantity and its unit is
the kilogram [kg].

Matter: Anything that can occupy space and has mass is called matter. Examples: table,

television, water, cold drink, gas, air etc.

Non-matter: Things that do not occupy space or do not has mass are called non-matter
e.g. data stored in hard disk of computer, feelings, thoughts, vacuum etc.

2. States of Matter: matter exits in four different states.
a) Solid II:> Solids
b) Liquid
C) Gas ﬂ[ Fluids

d) Plasma

3. Mass and weight in relation to force: F= ma Mass is the characteristic of a body which
determines the magnitude of acceleration when a force is applied to it. W = mg weight is
the force with which the Earth attracts a body towards its centre and we call it as the
gravitational field strength or acceleration due to gravity. Weight is a force so a vector

quantity. W =mg
W_F
m m
4, Difference between mass and weight:
Mass Weight
Mass is the characteristic of a body | Weight is force with which he earth attracts
which determines the magnitude of | a mass towards its centre
acceleration when a force is applied
to it
Mass is a scalar quantity Weight is a vector quantity directed
towards the centre of the earth
Mass remains same everywhere Weight varies as g varies
Mass of a body cannot be equal to The weight of the body can be equal to
zero zero (at the centre or beyond the
gravitational pull of earth)
The unit of mass is kilogram The unit of weight is newton
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Mass can be measured by physical Weight can be measured by spring balance
or electronic balance
Mass is a base or fundamental Weight is a derived quantity
quantity
Mass is independent of the position | Weight depends on the position of the body
of the body from the centre of the earth
Mass can be calculated by the The value of weight can be calculated by
formula the formula W =mg
F =ma,
5. Question: The mass of an astronaut is 65 Kkg.
(1) What will be his weight on the surface of the earth?
(i) What will be his weight on the surface of moon where value of g = 1.6 ms?
Data :

Mass of astronaut = m = 65 kg

Value of g, on earth surface =g = 9.8 m s

Weight of astronaut on earth =W =?

Formula used

W =mg

W =65 kg x 9.8 m s
W =637 kgmms?

Weight =637 N

Mass of astronaut on the surface of moon
Data :

mass of astronaut m = 65 kg

Value of g, on moon surface g=1.6 ms?

Weight of astronaut on moon W =?

Formula used

W =mg

W =65 kg x 1.6 m s
W =637 kgmms?
Weight =104 N

6. Newton’s third law of motion: For every action there is an equal but opposite reaction.

However, action and reaction are on different bodies. Examples Weight of a book is

downwards while push of table is upwards. A bullet leaving a gun moves forward while

the gun recoils backwards.

7. Newton (or third law) pair of forces are always
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. Equal in magnitude

. Opposite in direction

. On different bodies

. Acting on same line of action
8. Tension in a string due to gravity:

Tension: The Force exerted along a string due to load on one or both of the ends of the string. As

tension is a force so its Sl unit Newton N N T

Case | a: Bodies at rest, under tension vertically under gravity
T and W are third law pair of forces therefore ‘
T
T =W =mg (magnitude)
Directions are opposite
Vi, =V, +at
W =mg
V. +V. +at 2v. at
e P W
14
1
s =Vt +§at2
W =mg
Case | b: Bodies in motion, under tension vertically under gravity v
(T-W,)=-F =-ma
mg-T=ma

T=mg-ma
(T _Wz) =F,=m,a
T-m,g=m,a
T=ma+m,g
T=mg-ma
T=m,a+m,g
mg-ma=m,a+m,g
mg-m,g =m,a+ma
(m—m,)g=(m,+m,)a
(m,+m)a=(m-m,)g

(m,—m,)

a=
(m,+m,)
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Here, a is the acceleration of the system as
well as the individual bodies (which because

they are connected behave as a system)

T=ma+m,g

(m,-m,)
— 9
(m2+m1) A

T:mzi(ml_m2)9+ng F,=-ma

9. Problem: Two bodies of masses 1 kg and 2 kg respectively are tied to a string which
moves over a frictionless pulley. Find the acceleration of the bodies and the tension in the
string

Data :

mass m1= 1.0 kg, mass m, = 2.0 kg, g=9.8ms-2

Solution
2mm
_(m-m,) T=_%"1"%
a_—m2+m1)g (m, +m,)
2x2x1
NG Y T2 °
(2+1)
T :ﬂxg 8=13.07N
a:§><9.8:3.27ms’2 3

10. Case ll1(a): string under tension, held stationary horizontally and the body hanging

vertically under force of gravity,
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L R R e
L L L L L L Lty |

T =W = mg (magnitude)

T and W are third law pair of forces
R =T are also third law pair of forces
Directions are opposite

W =m,g

Case I1(b): Bodies under tension during motion, one body moving vertically under

force of gravity, the other moving horizontally under the force of tension:

3
3

R I ’
F=ma o> T2

7
ms 7
A 4
e e e ) T
v W=mgg
: ; : : : : W= M4
Direction of motion is negative 9
because it is downwards v
m O
v
W =m.g

T=T1:T2
T=W=mg
R =myg

T=F=ma
-T =—-m,a
T=m,a
(T-W)=-ma
T=mg-ma
mg—-ma=m,a
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11.

12.

mg-—ma=m,a
mg=m,a+ma
mg = (m2 + ml)a

a= m
(m,+m,)

T=m,a

T:mz(mzmjml)

Problem: A block of mass 6 kg is placed on a smooth horizontal surface. It is connected to
another mass of 4 kg by means of a string passing over a smooth frictionless pulley,
assuming no friction between the surface and the block find the tension in the string and

the acceleration of the system of blocks.
Data :

mass m; = 4.0 kg mass m, = 6.0 kg g=9.8ms>

Solution:

a= (ml) g T = m,m,
(m, +m,) (m,+m,)

a (6) 9 8 T = 4X6 Xg 8

= X . .

(4+6) (4+6)
6 24

a=-—x9.8=5.88ms™ T =—x9.8=23.52N
10 10

Momentum: The product of mass and velocity is called Momentum. It is a vector
quantity. Unit of Momentum = (mass x velocity) i.e. [kg ms-1] or N s

Momentum = mass X velocity
M =mv

The rate of change of momentum is equal to the force and takes place in the direction of

the applied force.
mAv _ AM

t t
This is another statement of Newton’s Second Law.

F=ma=
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13.

14.

Law of conservation of momentum: When two (or more) bodies collide there is no net
change in momentum, provided no external force acts. Thus if there is no change then the
momentum of bodies before collision has to be equal to the momentum of the same bodies

after collision.

Momentum of bodies before collision = myu, + m,u,
m\Vv, + m,V,

Momentum of the same bodies after collision

OR
mu, + m,u, =myv, + m,v,

Explanation: When we fire a gun the bullet goes forward and the gun recoils

mu, +m,u, =0 myv, +m,v,
Both at rest
0=myV, +m,v, 0=myv, +m,v,
mVv, =-m,v, mV; =-m,V,
m _ m1
V1 :——2V2 V2 ___Vl
m1 mz

How does a car stop? Why is it easier to drive on a dry road? The answer to these
question lies in the inherent property of matter i.e. friction. It is a force acting in opposite
direction to movement. Whenever two surfaces slide over each other the force which does
not allow the motion to take place is known as friction. When two surfaces meet, there are
some contact points between them. These are microscopic contact points.

Microscopic
contact points

Copyright Jokn Wiley & Sons
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15.  Advantages of Friction

. Vehicles can move

. Vehicles can stop (apply brakes)
. Machines can work

. We can walk

. We can do work

. A pencil can be held

. A nail can be fixed in the wall

16. Disadvantages of Friction

. Energy is lost (wasted)

. Wear and tear of machines, instruments
. More fuel is consumed

. Parts and machinery need replacement
. Lubrication is required Etc.

17. Types of Friction:
e Static Friction: when body is at rest the force of friction is known as static friction.
e Kinetic friction: whenever two objects moving, there is a frictional force known as
Kinetic friction. Kinetic friction is less than static friction.

e Rolling Friction: when an object rolling down the ground, the friction is rolling
friction. As the contact points between the object and ground are very very small, so
rolling friction is minimal. Rolling friction has a vide application in Ball Barings.

e Sliding Friction: sling friction is present when an object is sliding with other object.

e Limiting Friction: when force is applied to overcome the friction, a slight more
increase in force is going to cause motion is known as limiting friction. limiting
friction is very essential in solving problems

18. How to calculate friction: friction depends upon the weight. The larger the weight of the
object, the larger the friction would be. Friction is directly proportional to weight. Weight

and the reaction of the surfaces are identical so friction is directly proportional to reaction:

fcR W = mg
R=W =m

f=pnR J
fo =R
f. = 1R

wis known as coefficient of friction
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19. Methods to reduce Friction
. Polish surfaces
. Apply lubricant
. Use rolling objects wherever possible (ball bearings)

. Streamline the objects (ships aeroplanes etc)
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LECTURE # 07

Physics Lecture # 07
WORK, ENERGY AND POWER- |

1. When we say an object does work, what does this means? For example an object is lying
on table. Is it doing any work? No, it is not doing any work because it is lying on the table.
In physics work is defined as the work which is useful. The work is defined as the product

of force and displacement.
Work = Force x Displacement
= Force x Distance (covered in the direction of force)
W=FSs
The force should acting on a body should be a net unbalanced force and the body should
cover some distance under the action of this force
Work is a scalar quantity and its units are N m or Joule (J)

2. What about action reaction forces?

a m1 a

T

From the figure, weight of the object acts in downward direction and reaction of the
surface is in upward direction, so equal and opposite cancel out each other’s effect and
does not allowing the object to move in the vertical direction. So the object is moved from
point A to point B and covers displacement X in the direction of force. This is the force F

which is causing the work.
3. conditions for the work to be done:
(@) Force (F) must be acting on the body

(b) The body should cover distance (s) in direction of force
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Casel1F=0 Case2s=0

F=0 F =0

s#0 s=0

W =Fs=0 W =Fs=0
Work against gravity:

F=mg

S=X

W = mgx

Work done in falling and rising has to be same M-
therefore we say that work against gravity has also to be
equal to mgx

work. The factors upon which work done depend:

a) Force acting (F)
b) Distance covered in direction of force (s)
c) Angle at which the force acts.

Angle at which the force acts

Case 1l Case 2
0=0° 0=90°

W = Fs[Cos0] W = Fs[Cos90]
W = Fs[1] W = Fs[0]

W = Fs W=0

A I
lW1 = ma

v ®
W> = m-a

Sometimes force is applied at an angle. Then we use trigonometric relations to find out the

W = Fs
W = FCo0sds
W = FsCosé&
Case 3
6 =180°
W = Fs[Co0s180]
W = Fs[-1]
W =-Fs

For all other angles the net work will always be less than Fs

Unit of Work:

Unit of work done = Unit of force x Unit of Displacement

Work is a scalar quantity and its units are N m or Joule (J)
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Joule: Work done will be one joule when a 1 Newton force acts on a body and it covers a

distance on 1 meter in the direction of force.
Larger Unit: kJ =1,000J =103
MJ = 1,000,000 J =10%J

6. Problem: A Labourer pusher a heavy crate through a distance of 20m, if the force of the

labourer is 250 N, what is quantity of the work done.
Data :

Force applied = F = 250N

Distance moved =s =20 m

Work done =W =?

Solution:
W=Fs
W =250x20
W =5,000J

7. Power: Rate of doing work is power i.e. Work done per unit time is power

p_ W _ Work done
t  Time taken

Power is a scalar quantity and its unit is the Watt. If 1 Joule of work is done in one second
then the power is 1 W
Larger Unit: kW =1,000 W =103W

MW = 1,000,000 W =10°W

8. Problem: A motor pumps 2,000 kg of water in one hour from a well to an overhead tank

through a distance of 50 m. Find the power of the motor.
Data :

Mass = m = 2,000 kg

Force applied = F =19,600 N

Distance moved =s =50 m

Time taken =t = 3,600s
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Power P=?

F =mg =2000x9.8
F =19,600N

W =mgx =2000x9.8x20

W =392,000 J
p_ W _392990 _,4q gew
t 3,600

9. Energy: “It is the ability of a body to do work.” Energy is needed to do any type of work.

Energy is a scalar quantity and its SI unit is that of Work i.e. Joule
Unit of work done = Unit of force x Unit of Displacement
1J=1Nx1m

Larger Unit: kJ =1,000J =103

MJ = 1,000,000 J =10°)
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LECTURE # 08

Physics Lecture # 08
WORK, ENERGY AND POWER- |1

1. Energy: “It is the ability of a body to do work.” Energy is needed to do any type of work.
Energy is a scalar quantity and its SI unit is that of Work i.e. Joule

Unit of work done = Unit of force x Unit of Displacement
1J=1INx1m
Larger Unit: kJ =1,000J =103
MJ =1,000,000]  =10°J
2. Types of Energy:

e Kinetic Energy

e Potential Energy (a) Gravitational (b) Elastic PE
e Chemical

e Heat Energy,

e Nuclear Energy,

e Solar Energy etc.

e Light Energy

e Sound Energy

e Electrical Energy

3. Conversion of Energy: Energy can be converted from one form to another for of energy

4. Conservation of Energy: from the law of conservation of energy, Energy can neither be

created nor destroyed; it can only be converted from one form to the other.

5. Mechanical Energy: Kinetic energy and potential energy collectively called mechanical

energy.

a) Kinetic Energy: Energy (or ability to do work) a body possesses due to its state of
motion

. _ N2
Kinetic Energy (KE) = mass of body x (velocity) © = KE — lmvz

b) Potential Energy: Energy (or ability to do work) a body2 possesses due to its
position or state. PE is further divided into two:

I. Gravitational potential Energy is due to height of the object which it is
possesses
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ii. Elastic Potential Energy: the energy stored in a spring is EPE.

6. Kinetic Energy (derivation): Assuming a body starts from rest and attains a final

velocity v,
v.> -V’ =2as

F

a=—

m

N

KE :Emvf2 E
2 2

Substituting values of vi=0 and vf =v

7. Problem: A fast bowler bowls a cricket ball of mass 0.25 kg at 20 ms-1. What is the

kinetic energy of the ball?
If a slow bowler bowls at half this speed what is the work done by the slow bowler.
Data :
m =0.25 kg
v=20ms-1
v=10ms-1
KE (fast) =?
KE (slow) =?
Solution:

KE( fast) :%m(v)z KE (slow) =;m(v)2

1
KE(fast) = x0.25x (20)° KE (slow) = ;><O.25>< (10)*
KE =50J KE =12.5
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8. G. Potential Energy (derivation): Assuming a body moves a distance h under gravity

W =Fs
W=mg s
W =mgh

9. Other Energies:

Chemical Energy: It is the energy produced as a result of Chemical Reaction. E.g:
Energy in Cell Battery, burning of wood coal etc.

Elastic P.E: Energy produced in compressed or stretched elastic object. E.g:
Energy in a compressed spring.

Gravitational P.E: Energy due to the position of a body above the earth surface.
For a body of Mass “m” at height “h” above the earth’s surface. Gravitational P.E
=Wt x h=mgh

Internal Energy: It is the energy possessed by the constituent molecules of a
substance. i.e. due to the temperature of the body

Electric Energy: It is the energy produced by the coils of a generator when run by
a turbine or a turning mechanical force in a magnetic field

Sound Energy: It is the energy produced by a vibrating body.

Magnetic Energy: Energy due to forces of attraction/repulsion between two
magnets

Electric Potential Energy: Energy due to forces of attraction/repulsion between
two charges

Solar Energy: It is the energy produced by the Sun.
Tidal: Energy due to forces rising and falling of ocean tides

Geothermal: Energy present inside the earth (hot molten core)

10. Question: Show that the unit for work and energy are the same —

KE ==mv’ PE =mgh W =Fs =mas

2 m
KE :[X][kg](r:j PE = [kg](ssz[m] W = kg (S—zj[m]
KE = kgm?s 2 KE = kgm?s W = kgm?s™

kg m s-2 is same as J (joule) — so units of KE, PE and Work are same

11. Is any work done when we lift a load from the surface of the earth to a height h?

As there is a difference of Energy (PE) therefore Work has to be done to raise the mass

from surface to height h. PE = mg(h)
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12.

13.

14.

15.

16.

Difference between transfer modes — heating and working: Both heating and working
transfers energy from one form to another — one uses a temperature difference the other
uses a force. eg of use of a temperature difference (heating) a kettle and use of a force

(working); a pendulum

Reversible and Irreversible conversions: Reversible conversions are interchanges of
Energy that can be inter-converted or recovered, whereas in the case of an irreversible
conversion the energy transformation is not recoverable or that it cannot be used again e.g.
Reversible: Mechanical (spring stretching/compression) Electric energy in rechargeable

batteries and Irreversible: Loss due to friction, Burning of fuel, e.g. - Energy from coal
Matter is also a form of energy. Or Matter can be converted into energy.

E =mc?,

¢ = speed of light, m = mass, E = energy

Renewable and non-renewable sources of energies: Renewable sources are those which
are refilled over a finite period of time and can be used again e.g. Solar, Hydal, Tidal,
Waves, Rechargeable batteries etc. sources which become depleted when used e.g. oil,

gas, coal and wood etc.

Inter-conversion of mechanical energy: Assuming a body of mass m falls a distance h

under gravity from points A to C through B

At point A:
2
PE = mgh
W =mgh X
TE = PE + KE B Yﬁ\ﬁ
R, k

TE =mgh +%mv2

TE =mgh Ih-x

{':F

\
\
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At point B

PE =mg(h—Xx)

PE = mgh —mgx

TE =PE+KE

TE = (mgh —mgx)+ mgx
TE = mgh

At point C
KE = S my?
2

V.2 —v’ =2gh
v.? =2gh

1
KE =Em(29h)

KE =mgh
PE =mg(h)
PE=0
TE =PE+KE
TE =0+(mgh)
TE =mgh
Total Energy remains constant
TEA=TEg=TEc=TE
However, PE at A is converted to KE at C.
17. Biological system also have energy converting systems:

e You stand up your seat causes an increase in your gravitational P.E.

e As PE has increased then as per the law of conservation of energy, energy must be
converted from some other type of energy so that you increase your gravitational
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18.

19.

20.

P.E. (the obvious answer is the chemical energy in what you eat i.e food. The
internal energy of food is converted into Chemical Energy that is stored in
muscles. Muscles contract and relax and convert this energy into Kinetic or
gravitational P.E. For example: 100g of ice cream give us 1.05 MJ or 1.05 x 10°J
of energy.

Questions: What type of energy is stored in.

a) Compressed spring: Elastic potential energy

b) Moving body: Kinetic Energy

c) Falling water in a hydroelectric reservoir or Dam: Gravitational P. E.
d) Hot cup of coffee: Thermal or heat Energy

e) Tides of ocean: Tidal Energy (can be kinetic, potential or both)

f) Air moving west: Wind Energy

g) Current carrying wire: Electrical Energy

Q: 2. Can we create or destroy energy? Energy can neither be created nor destroyed it

can only be converted into another form of energy

Q: 3. Is there any work done during conversion of energy? If the energy conversion
involves Force then work is done, if it is a thermal exchange without change of volume

then work is not done as no force is involved.

Energy and power: power can be defined as rate of change of energy.
Energy transfered _ E

Power = -
time taken t
Power :M:E: FE: Fv
time taken t t

Power = Fv = Force applied x velocity

Unit of Power is Joules per second or Watt
1Watt=1Js"

Efficiency: useful energy output to the input is called efficiency. Or Fraction of energy of

a system, performing useful work, is the efficiency of that system.

= E(useful)out
efficiency% = ————x100

in
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B
efﬁfje}?q’% - lu;u!}r)ur % 1 UU

in

E (useficl) our

E frianvetred) our

If we multiply and divide the above relation with time then we can define efficiency as the
useful power output to the input.

o E
efficiency = —Lhont
in
E(useful)ot%
efficiency = ———£lime
Ein/
time
. Power,
efficiency = ——(wetbout

Power,

Power,
(useful )out XlOO

efficiency% =
Power,,
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LECTURE #09

Physics Lecture # 09
WORK ENERGY POWER AND HEAT

1. Efficiency: useful energy output to the input is called efficiency. Or Fraction of energy of

a system, performing useful work, is the efficiency of that system.

E
efficiency% = —= 100

in

E wsefial Yo
efficiency¥o = — =L 100

in

E sefun) our

E frisnvenited) our

If we multiply and divide the above relation with time then we can define efficiency as the

useful power output to the input.

E(useful)out

efficiency =
E(useful)ot%
efficiency = ———£lime
Em/
time
. I:)Ower(useful)ou’[
efficiency =————

Power,

Power,
(useful )out ><100
Power,,

efficiency% =
2. Problem: A central heating system provides 250 kJ of energy in shape of hot water
circulating in the system. If the amount of gas consumed releases 400 kJ of energy,

calculate the efficiency of the system.
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3.

Data: E
.. (useful )out
efficiency = ——
E @n) = 400 kJ Ei”
.. 250,000
E ueeful ouy = 250 kJ efficiency = 400000 x100

E efficiency = 62.5%
efficiency = —“=MD %100 %
What is the power of a boiler which provides 288 kJ of energy in four minutes? The boiler

IS run on an electric power input of 2000 Watts - what is its efficiency.

Data: _E_ 288,000
P (i) = 2000 W t 240
efficiency = Puuseuou
E useful (outy = 280,000 J D,
Time t=240s efficiency = @doo
2000

efficiency = 60.0%

In a car fuel is burnt and a lot of energy is waste in the surroundings in the form of exhaust
heat and friction to the ground. A small potion is given to the KE in which we are
interesting. Normally a car uses only 35% of its fuel energy to attain the KE whereas 65%

is lost as heat to the surroundings — clearly an inefficient use.

W =m,g

Car is a useful vehicle because it takes people and luggage’s from one place to another
place, therefore, we accept this usages. We accept this wastage because as a consequence
we move from one point to another point very effectively.

Why do we need to increase efficiency? From the figure car A uses only 35% of its
energy as KE and 65 % as wastage while ca B uses 45% energy as KE and 55% as

Wastage so it has a higher speed. Sometimes we have to speed up the car, we require the
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efficiency. However it does compromise on other things for example racing cars are
highly efficient because they have to compete with each other and weight and fuel of the
car is limited. The more efficient is the car, the faster it will travel. A small fraction of the

energy efficiency will result an increase in the speed.

5. Heat: Heat is a form of energy that transfers (flows) from one body (at a higher temp) to
the other body (at a lower temp). A Dbody consists of particles in different state of
motion and bonding — because of which the body can possesses all types of energies,
translational, rotational, vibrational or random energies. Sum of these energies is manifest
as ‘Internal energy’ or HEAT of that bodly.

Unit of Heat: As heat is a form of energy therefore, its unit is also same as that of energy
i.e. In the S.I system the unit of Heat is “Joule” or ‘Newton meter.

6. Difference: Temperature of a body refers to its degree of hotness or coldness and Heat of
a body refers to the amount of thermal energy that flows from that body.

7. We determine if an object is hot or cold from the amount of heat that it gives out (or draws
away), however, as hotness is a relative term we need to define a system which tells us
which object is hotter.

8. Law of Heat Exchange: Two body at different temperatures interact with each other in
such a way that one body loses and other gains heat. Heat like any energy flows from a
higher (hotter) to a lower (colder) levels. Net heat exchange, in a system, is zero as is
required by the law of conservation of energy. Two bodies which are in thermal
equilibrium cannot have a net heat exchange between them.

9. When heat is added to a system it, what happens to the system:

a) Gains energy.

© Copy Rights Virtual University of Pakistan Page 50


http://www.google.com.pk/imgres?imgurl=http://www.sydneyclassiccarhire.com.au/cartoon-cars-clipart-2.jpg&imgrefurl=http://www.sydneyclassiccarhire.com.au/buying.html&usg=__J0sd4pnPyExjx2YhjarDqnvh-gU=&h=217&w=500&sz=29&hl=en&start=124&zoom=1&tbnid=Smyc7JBs3LubVM:&tbnh=56&tbnw=130&ei=fvWjTrL7EI_RrQfRgpTmAg&prev=/search?q%3Dcartoon%2Bcars%26start%3D120%26hl%3Den%26sa%3DN%26rlz%3D1T4ACAW_en___PK377%26tbm%3Disch%26prmd%3Dimvns&i

General Science (GSC101)

b) Increases its internal energy (Rotational, translational, vibration and random
energies)
c) Appears as work done on system

d) Usually result in expansion of matter.
10. When heat is taken out of a system it, what happens to the system:
a) Loses energy.
b) Decreases its internal energy (Rotational, translational, vibration and random
energies)
c) Appears as work done by the system.
d) Usually result in contraction of matter.
11. Thermometry: The branch of Physics which deals with the measurement of temperature.
Thermometer: A device used for the measurement of temperature. SI Unit of Temperature
is “Kelvin”. It is a fundamental or base quantity and the symbol is K.
12. Principle: Most practical thermometers (e.g. laboratory, clinical) are based on the
physical property of most solids/liquids that they expand (e.g. metals, alcohol, mercury)
on heating. A Thermometer is used for the measurement of temperature of objects it is in

thermal equilibrium with. Thermal equilibrium means, it is the state when two bodies, in

contact, attain the same temperature.

A contact type thermometer can only measure the temperature of an object it is in thermal
equilibrium with.

13. A thermometer is a device which uses a physical property that changes linearly with
temperature, to determine the temperature of a body. There are different physical
properties which can be used to create a thermometer. It does not necessarily to have be
linear but it has to be unique. In other words one temperature should give one value of that
particular property.
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Physical property that changes with Thermometer Type
temperature

Volume of a fixed mass of liquid Liquid—in-glass
Pressure of a fixed mass of gas Constant volume gas
Resistance of a metal Resistance
Voltage (e.m.f) Thermocouple
Length of a metal Spiral metallic gauge
Wavelength of Light Pyrometer

14. Temperature Scales: in order to thermometer work, what required is:
a) a substance which has a physical property that changes continuously with
temperature

b) two fixed points and a scale between them.
Reference scales which agree at certain fixed points or positions are used to measure
temperature. There are three temperature scales: the Celsius or centigrade scale, the
Fahrenheit scale, the Kelvin scale. Reference or Fixed points are physical states, the
temperature of which is fixed by definition

I. steam point i.e. boiling point of water at standard pressure

ii. ice point i.e. freezing point of water at standard pressure

BOILING POINT

220

100| =100 C -- 212 F= |33
200

a0 OF WATER 190
20 180
170

70 160
158

&0 148
120

50 120
118

0 100
30

20 20
20 70
&0

10| FREEZIMNG POIMT |50
40

0| —0C--32F— |3

10 OF WATER a
20 o
10

20 20

CENTIGRADE FAHREMHEIT
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15. For many purposes reproducibility is important. That is, does the same thermometer give
the same reading for the same temperature (or do replacements or multiple thermometers
give the same reading)? Reproducible temperature measurement means that comparisons
are valid in scientific experiments and industrial processes are consistent

16. Working of Liquid in Glass thermometer: mercury is filled in a bulb of a very thin glass
tube. Glass is an insulator and therefore heat has to be passed through the glass bulb into
the mercury which is going to then expand. Here is a small thin construction which
restricts the mercury from flowing into the capillary unless it expands or it is forced to
going back. Capillary is enclosed in a thick glass tube because we do not want that the

liquid loses heat and give us false reading.

Celsius Kelvin Fahrenheit
Steam I Ice I 100" C I
point point
373K 212 o’ c
100 K 2713 K 320 F 1000 C
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(0]
180 F

These scales were developed in different times due to different requirements. First,
Fahrenheit scale was developed then Celsius scale which is more practical and more
commonly because it breaks up into 100 divisions easily. it is more manageable and more
understandable.

Ice point and steam point on Celsius scale is 0° C and 100° C respectively. There is a
difference of 100 Division. Ice point and steam point on Kelvin scale is 0 K and 100 K
respectively. There is also a difference of 100 divisions. Achange in temperature of one
degree Celsius is the same as a change of one Kelvin. Ice point and steam point on
Fahrenheit scale is 32° F and 212° F respectively. There is difference of 180° F between

the ice point and steam point.

Difference between Ice
and Stegm points

Steam point Unknown temperature
Ice Point X

0 X 100

Basically this diagrams shows how does a thermometer work. There are two points shown
in the figure which are ice and steam points represented by lp and lioo respectively. The
unknown temperature might be at point X. A change of property is length corresponds to
1 degree changes in Celsius or One hundredth of the change in property (length) between
the Ice point and the steam point corresponds to one degree Celsius. If we plotting this on
a graph, we are assuming that the property is changing continuously between the ice and
steam points. So we would have a straight line on the graph between the ice and steam

points or between ly and lioo . Ix basically the unknown temperature which is to be

measured.
I(><) B I(0)
T /°C=—"—--x100
(100) ~ (0)
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(o]
100

(o]
0C

v

I X TX TX

17. Problem: In an unmarked thermometer it was found the length at the ice point was 5 cm
and at the steam point it was 25 cm. Find unknown temperatures when the length was (i)
14 cm and (ii) 3 cm.
Data
lp=5cm
l100 =25 cm
Iyt =14 cm
lke=3cm
18. Inter conversion from one scale to other:

l..—1
» "o
Tx, /°C=—2— %100 I, —I
: T, 10 = 0@ 100

(100) ~ Y(0) _
@00y ~ 10
14-5
Tx, 1°C = 100 _
ST T, ¢ =2 4100

/°C=45°C -
™ Tx, 1° ¢ =—10°C

(Temp on scale A) - (ice point on scale A) (Temp on scale B) - ( ice point on scale B)

number of divisions on scale A number of divisions on scale B

Inter conversion from Fahrenheit gcalejo Celsiugscale

100 180
100
T =—x(T.-32)
180
5 9
T, =—x(T_ -32) OR T =—xT +32
9 5
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Inter conversion from Kelvin scale to Fahrenheit scale
T —273 T.-32

100 180
100

7 =1 1 321273

« =189~ (Te 32)

T, :ZX(TF ~32)+273 or T, =§X(TK ~273)+32

Inter conversion from Kelvin scale to Celsius scale

T,—-273 T.-0
100 100

100
T, =— —-0)+273
K =100 x (T —0)

T, =T.+273 or T.=T,-273
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LECTURE # 10

Physics Lecture # 10

HEAT-1I

1. Before we begin — we shall do a couple of numerical to reinforce the methodology of
changing temperature scales

Problem 1. The hottest place on Earth as of 2005 is in the Lut Desert in Iran at 70.7
degrees Celsius. This inviting region is abiotic — meaning without life; not even bacteria
have been found. The coldest natural temperature ever recorded on Earth was —89.2 °C at
the Russian Vostok Station in Antarctica on 21 July 1983. Convert these temperatures to

their Fahrenheit and Kelvin equivalent

Data:
T Hot = 70.7°C
T Cold = -89.2°C
Celsius go Fahrenheit o
T, ==x(T. -32) T oy =—x70.7+32=159.3'F
9
9 9 .
T = ngC +32 T con) = gx (-89.2) +32=-1286"F
Celsius to Kelvin
T =(T_-273) T oy = 10.7+273=343.7K
T oy = (-89.2) +273 =183.8K
Problem 2. Find the temperature at which the Celsius and Fahrenheit scales have the
same value
5
Data: TC=TF=? T, =—x(T, -32)
9
T-0 T -32 5
= T =—x(T_-32)
100 180 9

100 91 =517 —-32x%5
T =—x(T. -32) © ¢
180 41 =-160
T -2k -32) T =—40°C =—40°F =T
9 L .
2. Thermal Expansion in Matter: Heat when added to matter, normally causes expansion
in all states (Solid, Liquid, Gas). That is, all materials, when heated, normally undergo
physical expansion, this expansion is termed as Thermal expansion. Different materials

will expand by different amounts for the same rise in temper