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ME English Center New Physics Notes

Unit # 1. Physics and Measurements

Show that the equation for impulse Ft = m Vi—m V; = m (V¢ - Vi) = m AV is dimensionally
correct.

Solution:

Step 1: write above equation in dimensional form we have.

[MI[LI[T?I[T] = [MI[L][TT" + [M][L][T]"

Step 2:

Therefore [M][L][T]" = [M][L][T]" and the equation is correct, both sides having the

dimensions of momentum.

If the radius o ured a 9 cm with ag
in calculating its volume.

Solution:
R =9 ¢m and

Volume of sphere = 2qr? By dlfferentlatm a0

.ﬂv_ M“BE"'
HEN

=13 x—-3x °°2 =00

s: V =2xx(9)° = 3053.628 cm’

The absolute error in volume is approximately 3053.628 x 0.0067 = 20.46 cm?.
Therefore, the approximate error in calculating the volume of the sphere is 20.46 cm®.
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If radius of a sphere is measured as 7.5 cm with error of 0.03 cm, find the approximate error in
calculating its volume.

Solution:

Step 1:

Let R be the radius and V be the volume of the sphere, then

V= 4: nR? Differentiating both sides, we get

Let AR be the error in R and the corresponding error in V is AV, then

BV -3x2=3x(%=0.012
\Y% R 7.5

Step 2:

IfR is given 7.5 is 0.03 cm é
V=_n75° J;n _

The absolute error in volume is approximatel
Therefore, the 50& error in calculating

Step 1:
VOLUME = L* = (5.75)?=19

Step 2:
Percentage uncerta (&) X 100 = 15
Absolute unc in‘volume = 190+15.65 cm®

Section (A): Multiple Choice Questions (MCQs)

1. The respective number of significant figures for the numbers 23.023, 0.0003 and
2.1x1072 are:

a.51,2 b.5,1,5
c.5,5,2 d. 4,42
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2. Which among the following is the supplementary unit:

a. Mass b. Time

c. Solid angle d. Luminosity
3. The unit of solid angle is

a. Second b. Steradian
c. Kilogram d. Candela

4. The quantity having the same unit in all system of unit is:

a. mass b. time

c. length d. tem @
5. Random errJ u Iﬂminated by: !

a. taking number of ations and their me
b. measuring t:ﬁﬁjﬁvith more than onefin

c. eliminating the cause

L 2
. carefuleﬂiﬂ ' ' ' \
an be:

HENE
. Systemic error ¢

itive or negati

C. positive only

7. [MLT?] is dime '%mula of

a. strain

c. force d. pressure

8. Which of the following pair has the same dimension?

a. moment of inertia and torque b. impulse and momentum
c. surface tension and force d. specific heat and latent heat
9. Dependent variable is:

a. cause b. cause and effect

c. effect d. reason
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10. Dimensions of kinetic energy is the same as that of:

a. Acceleration b. Work

c. Velocity d. Force
Ans:
1l.a 2.C 3.b 4.b 5.a
6.a 7.C 8.b 9.c 10. b
CRQ’s

1. Give an example of (I) a physical quantity which has a u t no dimensions,
(1) a physical ich has neither unit not dimens [) a constant
which has a “Ia stant which has no unit.

:i.?j:if dﬂiﬂ
JNIORENT »

en roundlng the pro

consi

Ans) Yes, when roun
to consider significantdigit

3. Drive the equat or period of oscillations-ef-asmasssuspended=on :

spring by dimensional analysis.i.e. T = 211\/%

Ans) Consider the oscillations of a mass suspended on a vertical spring by dimensional
analysis. We assume that the period of the mass suspended on a vertical spring [T]
depends on following quantities:

1. Mass (m): [M]
2. Spring constant (k): [M][T]™2
3. Acceleration due to gravity (g): [L][T] 2

Therefore, the equation can be written as.

T=m"-K - ¢°
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Where X, y and z are unknown powers.
[T1= [MP*: [MPTTT™ - LT

Equating the indices for M, L and T on both sides of the equation, we get:

M:0=x+Yy

L:0=z

T:1=-2y-2z
Therefore

x=1/2,y=-1/2and z=0

The original ecut' tmre becomes
T= mi . n
T :211\/?F

4. Find the dimensions of the following.

L 2
SMORE!! N>

c) Power
Momentum

a)W=F-d

1. Force(F): [M]-%
2. Displac@

[M].[L]

Work = T2

Work = [M]-[L]*[T]?
b) In Sl units, the dimensions of energy ([E]) are the same as the dimensions of work:
Energy = [M]-[L]*[T]"
c)P= %

1. Work(W): [M]-[LI2[T]
2. Time(t): [T]
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[M].[L]?.[T]
[T]

Power = [M]-[L]* [T]™®

Power =

d) p=m-wv

1. Mass(m): [M]
2. Velocity(v): [L]-[T]*

Momentum = [M]-[L]-[T]™*

5. You measure the radius of a wheel to be 4.16 cm. If you multiply by 2 to get
diameter, should you write the result as 8 cm or as 8.32 cm? Justify your answer.

ulation should have

Ans) According to the rules of significant figures, the result of
4 ment used in the

the same numb i nt figures as the least preC|se
calculation. In least precise mea

significant figu . . When you multip
should be roundedtatt:ree significant figures |6

6.1fy=a+ Dbt

2
. sineeyy sl

U bt mvoIves multiplication

of ¢ should b

e such t i [
gives meters. efore, the unit of cfs
squared ( >
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7. Differentiate between accuracy and precision.

Ans)

Accuracy

Precision

Accuracy is referred to the level of
agreement between the actual
measurement and the absolute
measurement.

Precision suggests the level of variation
that happens in the values of several
measurements of the same factor.

It represents how closely the results agree
with the standard value.

Represents how closely results agree with
one another.

Single-factor or measurement is required.

Multiple measurements are needed to

Occasionally, a nt may happen
to be accurate hile consistent
accuracy and equired for a

measurement to be reliable

comment about pregision.
Results can be p without being

accurate.

8. Define deperEeu
Ans) De nt@ﬁ:
Independent variable

values of
variables.

9. Differentia

Bindependentv i3

Aspect
Definition \
Nature %‘ Bias towards a certain No specific bias
value
Causes Faulty equipment, Fluctuations in
calibration issues, measurement conditions,
procedural errors environmental factors
Effects Shifts results consistently Scatters results randomly
Correction Can be identified and | Can't be fully eliminated
corrected once identified
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10. Enlist the limitations of dimensional analysis?
Ans) Limitations of Dimensionality:
Some limitations of dimensionality are:

e |t doesn't give information about the dimensional constant.

e The formula containing trigonometric function, exponential functions, logarithmic
function, etc. cannot be derived.

e |t gives no information about whether a physical quantity is a scalar or vector.

11. Describe least count of Vernier and screw gauge micrometer.

Ans) K

1. Vernier Cal Y east count of a Vernier callper i I@erence between one
smallest divisi scale and one sma 0! '

aligns with a sion.

The formula to Fﬂne least count of a
ount = -

For exam

divisions

the Verni Q

2. Screw Gauge (Micro

The least count of@sc gauge is determined
number of divisi the circular scale.

The formula to caleulate the least count of a screw gauge is given by:

Pitch of the screw

Least Count =

Total number of divisions on the circular scale
For example, if the pitch of the screw is 0.5 mm and the circular scale has 100 divisions,
then the least count of the screw gauge would be:

Least count = 1— = 0.005 mm
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12. Describe extrapolation methods.

Ans) Extrapolation is a statistical technique that involves using observed data to
estimate values beyond the range of the data that was collected. In other words, it is the
process of making predictions or estimates about future or unseen data based on the
trends or patterns in the existing data.

For example, in case volume temperature graph as shown in figure below, If we
extrapolate the line till it intercepts the temperature axis, in result we reach zero kelvin
temperature.

Volume vs temperature

ERQ’s:
1. Discuss graphs

Ans) Graphs; Graphs are visuals that sho
display the dat ay that is easy to understand and remember

Types: There are two types of graph.

1. Linear graph
2. Non-linear graph:

Linear graph: Observe on the graph as shown in figure below, x-axis is showing time
and Y axis is showing position. It is observed that position is linearly increasing in
positive direction with the time. So, the graph is linear.

To determine the slope and intercept of the graph in figure shown below, compare.it -,
with the equation of straight line y= mx +c

Where m is the slope, c is the point of intercept. Now slope can be determined as
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i
Slope =m = AX

30 _
== =2ms?
15

As the intercept of the line is at origin so the intercept will be zero (c = 0). Note that
slope of a straight line always constant.

Position {m)

0p-----

04— - -

10 -
|

0 5

Non-linear gEgol’no
object with a constant; -

figure below. The primary difference betw
graph is l'T/es
quadratnMr R:E i@niis ¢
linear rel EEE

Slopesis a characteristic ex
single, ¢ ity i
circumstances must b
curved position- t|me
possible to deter

X

, Since the slope va
orm velocity by ca

Pasition (m)

Time (s)
1] 5 10 15

Non linear graph
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2. Elaborate rules of significant figures. State the rules for determining the
number of significant figures in a given measurement.

Ans) Rule 1: All Non-Zero Digits are Significant: Every non-zero digit in a
number is considered significant.

For example: In the number 123.45, all digits (1, 2, 3, 4, 5) are significant.

Rule 2: All Zeros between Significant Digits are Significant: Zeros that
appear between non-zero digits are considered significant.
For example: In the number 101.203, all digits (1, 0, 1, 2, 0, 3) are significant.

first non-zero digit are not considered significant. They merely i te the scale of the

number. l nLlu

For example: 0.00345, only thefdigl and b are sl
Rule 4: Traili in a Decimal
appear to the riF Hst non-zero digit infa
significant.

For exam

- TORENLSS

Trailing zeros in a whole number
considered significant unles

Rule 3: Leading Zeros are Not Significant: Zeros tha@gar to the left of the

For example: In the numberiZ0

3. Here are the mai s,of dimensional a

Ans)

1. CheckingvEquations for Consistency: Dimensional analysis helps verify
the correctness and consistency of equations. If the dimensions on both sides of
an equation are not the same, it indicates an error in the equation. By comparing
dimensions, scientists and engineers can catch mistakes in their calculations and
ensure the validity of their equations.

2. Predicting Relationships: Dimensional analysis can be used to predict
how different physical quantities are related to each other. If you have a set of
variables and their dimensions, you can determine how they must be combined
to create a meaningful equation. This is particularly useful when deriving
equations for physical phenomena where experimentation or theoretical ~____=
derivation is challenging.
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3. Unit Conversion: Dimensional analysis aids in converting units from one
system to another. By using conversion factors with appropriate dimensions, you
can convert measurements from, for instance, the metric system to the imperial
system or vice versa.

4. A vernier and micrometer are shown as under. Observe their readings and
write correctly.

Vernier Micrometer

Ans)

Vernier:

Main scale reading = 27 mm

JMBREE,

B\ fie
eter:

Mi
Main scale readi
Circular scale
Main s

Numerical:

1. What is the percent uncertainty in the measurement 3.67 + 0.25 mm?

Data:
Measurement = 3.67 £ 0.25 mm
Percent uncertainty = ?
Solution:

Absolute Uncertaint
Y x 100

Percent Uncertainty =

Measured Value
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Percent Uncertainty = % x 100

Percent Uncertainty = 6.8 %

2. What is the area, and its approximate uncertainty, of a circle with radius 3.7 x
10% cm.

Data:
A=7?
Uncertainty = AA=7?

r=3.7 x 10* cm.

Solution: First e area. é
- JUIN ~

A =m(3.7 x 10%?
A=4.3 x F 2

Now, let's calculate the uncertainty in the a

o OREL RS

AA= 21IrAr

To find th

AA=0.11 x 1@
3. An aero plane els"at 850 km/h. How [
Data:

v = 850 km/h = 222199 — 536 111 mis

$=1.00 km =1 x 1000 = 1000 m

Solution:
S
v=-
t
t=2
v

_ 1000
236.111
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t=4.23529 s

Since the given distance value (1.00 km) has three significant figures, the calculated
time should also be expressed with three significant figures.

t=4.2353
t=4.235
t=4.24s

4. A rectangular holding tank 25.0 m in length and 15.0 m in width is used to store
water for short period of time in an industrial plant. If 2980m? water is pumped

into the tank. What is the depth of the water?
Data: é

LZZS"I’“I“ $

W=150m
V:2980F0 H
H="?
SolutionMvnBE"' ’\
\Y; EEE \
v

H=7.94

H=—""_ = 7/0466
25.0x15.0
We are going tog& up to three decimal

H=795m
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5. Find the volume of rectangular underground water tank has storage facility of
1.9mby1.2mby0.8m.

Data:
L=19m
W=12m
H=0.8m
Solution:
V=LXxWXxH

V=19x1.2x0.8 é

V=18

which is 1 signifi Therefore, we sh@u
figure. F QH

6. Two s

v the sp a
quantity at'ti ' L]

Which of these co ssibly be correct &
a) [L] = [LL[T]" [T 2 WL [T .[T]
[L] = [L].[T] + 2 [T
[L] = [L1.0T] + 2 (LT

Since L.H.S # R.H.S, it is incorrect according to dimension.
b) [L] = [LI.ITT™ .[T] + 2 [L1.[TT .[T)®

[L]=3[L]

After omitting constant

[L]=1[L]

Since L.H.S = R.H.S, itis correct according to dimension.
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7. One hectare is defined as 10* m2. One acre is 4 x 10* f t>. How many acres are in
one hectare? (Hint: 1 m = 3.28 ft).

Data:
Hectare = 10* m?
Acre =4 x 10* f 12
Acres in one hectare = ?
1m=3.281t
Solution:

Area in square feet= (10* m?) x (3.28ft/m)? é
Area in d;ﬂ l

(10* m?) x (10.76 ft°/m?

Area in square feet = 107600 ft?

Number Fosnrea in square feet
4x104 ft2/acre
107600 ft?
Nﬁ ﬁﬁE!l1/acre ‘\
vblbe LRz 2 bl A\

watch factory claims tha

ina w accurate | , expressfas
Data:

Acceptable %‘0 S

Percen racy = ?

Solution:

Acceptable Range

Percentage Accuracy = x 100

Total Seconds in a Year

10
365x24x60x60

Percentage Accuracy = x 100

Percentage Accuracy = 3.17 x 10
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9. The diameter of Moon is 3480 km. What is the volume of the Moon? How many
Moons would be needed to create a volume equal to that of Earth?

Data:

d = 3480 km

Vv =?

No. of Moons = ?
Solution:

First we calculate the volume of moon.

r=d/2=3480/2=1740 km = 1740 x 10°m é
=g OIN ~

V=2 (1740 10%°
V=2.2xﬁaﬁ

Now, we calculate the no. of moons:

N

No. of Moons = —

2.2x
No. of MOOSS%4
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Unit 2: Kinematics

ar

Find d.b when @ =1-2j+kandb = 3i — 4j — 2k

b= (i—2j+k).(3i—4j—2k)=3+8-2
Step2: 4.b =9

(a) Find the coordinates of a turtle 10 seconds
(b) How far dj walk in 10 seconds?

f=25°
\0 x=dcosb
)
Step 1: you can sog ?j equations independk
components of mqtiomghd gfen combine them!
R
» X compondnis
Vor =V, €08 25" =9.06 cm/s Ax =y, t =90.6 cm
» Y components:
Vo, =V, 8in 25" = 4.23 cm/s Ay =v, t=42.3 cm
Step 2:

» Distance from the origin:
d = \JAx* + Ay* =100.0 cm
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A Car with an initial speed of 1 m/sec was in motion for 10 minutes, and then it came to a
stop, the velocity right before it stopped was 5 m/sec. What was the constant acceleration of

the car?

Solution:

Step 1: Write the known quantities and point out quantities to be found.
Initial Velocity = 1 m/sec

Final Velocity = 5m/sec

Time for which the car was in motion = 10 mint

Acceleration =7

Step 2: Write the formula and rearrange if necessary
Using First equati on,
v =u+ at

Step 3: Put the i ula and calculate
5=1+ax

a x 600 = 4
4/600

nnx

a
a

the acceleration that

Solution:
Step 1: Write quantities and point ou
Displacement d = 2km

Total Time Taken®*= 8minutes = 8 X 60 = 480 seconds.
Initial Velocity = 1 m/sec
Using Second equation of motion to find the acceleration of the cycle,

Step 2: Write the formula and rearrange if necessary
Second Equation of motion,S = ut + 1/2(at?)

Step 3: Put the value in formula and calculate
2000 = 1 x 480 + 1/2(a x 480%)
2000 = 480+ 115200a
1520 = 115200a
a = 0.0139m/sec?
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A body is projected with a velocity of 20ms™"at the angle of 50 degree to the horizontal plane.
Find the time of flight of the projectile.

Solution:

Step 1: Write the known quantities and point out quantities to be found.

Initial Velocity Vo = 20ms™!

angle 6 = 50°

g = 9.8ms~

Step 2: Write the formula and rearrange if necessary

Formula for time of flight is,
T= zv,stne

Step Put the value in formula and calculate
= 2X20x%
T— 2 X 20 X P~

T— 30.64/9.
= 3.126 sec

Therefore timf ’\ﬁ\ﬂ&l% second.
Section (A): le Choice Qt
1. To get t of
and 8m sMﬂlﬁtEe(rIG']

EEE

(a),Parallel

(c) Ata

2. The velocity of a r@t n instant is 10

is 20m/s. The velogity’d'seg’before in m/s is:

(a8 )4

(c)6 (d) 7

3. A ball is thrown upwards with a velocity of 100 m/s. It will reach the ground after
(a) 10 sec (b) 20 sec

(c) 5 sec (d) 40 sec

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

4. Two projectiles are fired from the same point with the same speed at angles of
projection 60° and 30° respectively. Which one of the following is true?

(a) The range will be same (b) Their maximum height will be same
(c) Their landing velocity will be same (d) Their time of flight will be same

5. The ratio of numerical values of average velocity and average speed of a body is
always:

(a) Unity (b) Unity or less

(c) Unity or more (d) Less than unity

6. If the average velocities of a body become equal to the instant%eous velocity, body

is said to be movying with:
(a) Uniform acég N

(c) Variable velocity

7. At the top of Fﬂtn of a projectile, the g

(a) maximum
8. At wha I of proje

(a)®83

(c) 76°

9. The angle at Wh'c@zduct becomes equ

(a) 65° @ :

(c) 76° (d) 30°

10. If the dot product of two non-zero vectors vanishes, the vectors will be:
(a) in the same direction (b) opposite direction to each other
(c) perpendicular to each other (d) zero

KEY:

1.d 2.b 3.b 4.c 5.b
6. b 7.d 8.c 9.b 10. ¢
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CRQS:

1. Is the range equivalent to the horizontal distance in the projectile motion, or do
they have distinct meaning? Explain.

Ans) The range and the horizontal distance in projectile motion are related concepts,
but they are not exactly the same and have distinct meanings.

Horizontal Distance: This refers to the total distance covered horizontally by a
projectile from its initial point to its final point. It is the straight-line distance measured
along the horizontal axis, parallel to the ground. Horizontal distance takes into account
the entire path of the projectile, including both its vertical and horizontal components of
motion.

Range: Ther ifically refers to the horizontal distance
along its traject its the ground again (assuming
same height f s launched). In g -

distance between the launch point and the po
include the verti istamee traveled by the pro

2. If air resistance n into account in

Ans) HerM aﬁﬁt'r't'at ke |
1. Traject & The tfaje
parabolic shape due tg aj %\

be more flattened o

2. Range: Therange of -

projectile to sl
range.

3. Time of \ .
the imp will increase due to air resistance. This is because the object's
horizontal Velocity decreases as it travels, causing the overall time of flight to be
longer compared to a scenario without air resistance.

4. Maximum Height: The maximum height reached by the projectile will also be
influenced. The vertical component of velocity decreases due to air resistance,
so the projectile won't reach as high a maximum height as it would in the
absence of air resistance.

5. Impact Velocity: The velocity of impact at the ground will be lower due to air
resistance. This means the projectile will hit the ground with less speed than it
would without air resistance.

6. Launch Angle: The optimal launch angle for maximizing the range (which-is—=
45 degrees in the absence of air resistance) may change slightly when air
resistance is taken into account. This is because the balance between the
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horizontal and vertical components of motion is altered by the slowing effect of
air resistance.

7. Surface Area: Objects with larger surface areas facing the direction of motion
experience greater air resistance.

3. What are some real-life examples of projectile motion? Can motion of an aero
plane be considered as projectile motion? Explain

Ans) Here are some real-life examples of projectile motion:

1. Throwing a Ball: when you throw a ball, it follows a parabolic trajectory as it
rises and falls under the influence of gravity. The ball's horizontal motion is
uniform, while its vertical motion is affected by gravity.

2. Kicking a Soccer Ball: When a soccer player kicks tig,ball, it follows a

curved p he air before landing on the grou
3. Divin iIffidumping: When a person dives ‘ar jumps off a cliff into the
water, t urved path before Ing.the er.

4. Projectile Weﬁons: Weapons like

rely on p tion. These objects
distant targe

The motion of an airplane cannot be consig
share so [ II ' i
due toth
HEN
1

launch. IN"the e 0
make its motion mo

Ans) Here are s examples of how we use these concepts in our daily life:

1. Driving a Car: When you drive a car, you monitor your speed to adhere to
speed limits and ensure safe driving. Speed is the rate of motion, and it helps
you control how fast you're traveling.

2. Running or Jogging: People use speed to describe how fast they are
running or jogging. For instance, you might say you're running at a speed of 8
miles per hour.

3. Traveling: Whether you're flying on an airplane or taking a train, speed is
crucial for estimating travel time and planning your journey.

4. Mobile Apps and GPS: Navigation apps use speed and velocity information
to estimate arrival times and provide real-time directions.
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5. Shipping and Logistics: Shipping companies use speed and velocity to
estimate delivery times and optimize routes for efficient delivery.

5. Can an object have an initial velocity of zero and still experience uniformly
accelerated motion?

Ans) Yes, an object can have an initial velocity of zero and still experience uniformly
accelerated motion.

For example, consider an object that is released from rest and allowed to fall freely
under the influence of gravity. At the moment it's released, its initial velocity is zero.
However, due to the constant acceleration caused by gravity, the object's velocity
increases at a constant rate as it falls.

ERQS:

1. What are UJBLIINS of uniformly a OB

derived?

Ans) E n
Derivation oftFi uation of Mot

equation of motion can be derived using a

AL |

0 Time (f) —— C

The velocity of the body changes from A to B in time t at a uniform rate.

BC is the final velocity and OC is the total time t. A perpendicular is drawn from B to
OC, a parallel line is drawn from A to D. and another perpendicular is drawn from B to

. S~~—7
OE (represented by dotted lines).
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Following details are obtained from the graph above.
The initial velocity of the body u = OA
The final velocity of the body, v = BC
From the graph, we know that
BC =BD + DC
Therefore, v=BD + DC
v =BD + OA (since DC = 0A)

Finally,

v=BD + =U) ... (i) é
Now, since thdymnlocity-time graph s 2
So,

a= sIopeF 0 n

a=BD/AD

L 2
Since A[IMUtH \l 'clati
BD = a a =

Now
V=u-+at
Derivation of Sec

From the figur n, we can say that

E

Velocity (v) ——
>

o]

Time () —» C
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Distance travelled (s) = Area of figure OABC
= Area of triangle ABD + Area of rectangle OADC
s = (1/2 x AD x BD) + (OA x OC)
Since BD = EA, the above equation becomes
As EA = at, the equation becomes because V = at; EA represents the velocity (V)
s=1/2 xatxt + ut

by rearranging, the equation becomes

s = ut + % at?

Derivation
figure shown,

We can say t t

Hence,
S =¥ (Sum of Parallel Sides) x Height
S =% (OA+CB) x OC

Since, OA=u,CB =v,and OC =t

The above equation becomes

S =% (utv) xt

Now, since t = (v-u)/a
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The above equation can be written as:
S =% ((u+v) x (v-u))/a
Rearranging the equation, we get
S =% (v+u) x (v-u)/a
S = (v-ud)/2a
Third equation of motion is obtained by solving the above equation:
vZi=u?+2aS

2. How does the horizontal component of velocity in projecti(notion behaves?

Ans) Here's hovmi : @
1. ConStJl nde: The horizo

constant throughout the entire motion.

the horiz ijon does not changg
(like air r(P cting on it.
2. Unaffe ravity: Gravit

projectile, not its horizontal motlon

Pl

a projectile arefin
affected by gravi

es not impact the
S|multaneously but 2

projectile's horizontal dlstance or range. The greater the initial horizontal
velocity, the greater the horizontal distance covered by the projectile.

3. What is the significance of the area under a velocity-time graph in the context
of accelerated motion?

Ans) Here are the key points regarding the significance of the area under a velocity-
time graph in the context of accelerated motion:

1. Constant Acceleration: When an object undergoes constant acceleration,
the velocity-time graph is a straight line. The area under the line within a specific—=
time interval corresponds to the displacement of the object during that time
interval.
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2. Sign of area: The algebraic sign of the area indicates the direction of
displacement. If the area is positive, the displacement is positive (motion in the
positive direction). If the area is negative, the displacement is negative (motion in
the negative direction).

3. Uniformly Accelerated Motion Equations: This relationship between
area and displacement aligns with the equations of motion for uniformly
accelerated motion. For instance, for an object experiencing constant
acceleration a during the time interval t, the displacement S is given by:

s=ut+ % at?

Here, the first term ut corresponds to the area of the rectangle under the velocity-
time graph, and the second term at? corresponds to the area of the triangle.

4. How do the ipitial | angle and velocity affect pr'e@ otion?
Ans) Here's th l( rs affect projectilegnotionimg
1. Initial Launch Angle:

| i I
o
e Range {ﬂ ry Shape: Different la esu 0

trajectory®sh : - e maXilung, rapge
: ©ptims anc

(horizontal laungh) re

e Symmetry.gFo Wen initial speed, Ig
up to 90 de s)'result in the same rafge..Eor example, launching a
degrees nching at 60 degrees will yield the same range.

2. Initial Velocity:

« Range: The initial velocity directly affects the range covered by the projectile. A
higher initial velocity leads to a greater range, assuming the launch angle
remains the same.

« Maximum Height: While the launch angle determines the shape of the
trajectory, the initial velocity influences the maximum height reached. A higher
initial velocity will result in a higher maximum height, assuming the launch angle
remains constant. ~_

« Time of Flight: A higher initial velocity generally results in a longer time of flight
since the projectile covers a greater horizontal distance before hitting the ground.
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o Impact of Air Resistance: In the presence of air resistance, a higher initial
velocity may result in a more significant impact on the trajectory due to increased
air resistance affecting the projectile’'s motion.

5. Explain the concept of independence between horizontal and vertical motion in
projectile motion.

Ans) The concept of independence between horizontal and vertical motion in projectile
motion is a fundamental principle that states that the motion of a projectile in the
horizontal direction and its motion in the vertical direction are completely separate from
each other. In other words, the object's motion along one axis does not affect or
influence its motion along the other axis. This concept simplifies the analysis of
projectile motion by allowing us to treat the two motions as separate components.

Here's a detailed explanation of this concept:

1. Gravityg ertical Motion: In_proje
on the rawvity, which accelera
direction. The vertical motion of the prc

accelera ravity. As the object \‘ es
decreas [ ches its peak heightywihg
zero. Then, bject descends, dtsfverti

downward direction.
2. H Ztru
re t c
thr ottt

object's horizontal velaci
essentially uniform mOtigin
3. Independe X |
horizontal—ar

Simultanegus Motion: Even though the vertical and horizontal motions are
independent, they occur simultaneously. As the object moves horizontally, its
vertical motion is also taking place. This simultaneous motion creates the
characteristic curved trajectory of a projectile.
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Numerical:

1. A helicopter is ascending at the rate of 12 m/s. At a height of 80 m above the
ground, a package is dropped. How long does the package take to reach the
ground?

Solution:

Consider upward motion from B to C.
Initial velocity of package at B = v; = 12 m/sec
Final velocity of package at C =v;=0

Time fromBto C =t; =?

Using the equation
0=12 +F. H
M‘n B E HENE

To calculate

1
81:Vit+5 f

S =(1 - (9.8) (1.2)2
S,=14.4-7.06
Sl =7.34m

Consider downward motion from C to A
S=80+ S;
S=80 + 7.34 = 87.34m

Vi:0

g = 9.8m/sec?
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tz =7

using equation of motion
S=vt+ % gt2
87.34 =0 x 1t +(9.8) ;2

87.34=4.9t,°
t, =4.22 sec

Hence total time the package take to reach the ground is

t=ty +t é
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2. Two tug boats are towing a ship each exerts a force of 6000 N, and the angle
between two ropes is 60°. Calculate the resultant force on the ship?

Data:
T1=T>,=6000N
6 =60°
F=2?
Solution:
T1x = 6000 x sin(30) = 3000 N
T1y = 6000 x cos(30) =5196.15 N é
Tox=6 3000N
T,y = 6000 x cos(30) =5196.15 N
Fx = BOOFﬂﬁ(since they are antip
Fy == 5196. =5196.15 N = 103823
Resultan

F=10392.3
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3. A car starts from rest and moves with a constant acceleration. During the 5"
second of its motion, it covers a distance of 36 meters. Calculate:

a) acceleration of the car
b) the total distance covered by the car during this time

Solution:
Distance covered by the car in 5 second = Ss
Initial velocity of the car =v; =0

Time =t=5 sec

ZQ“TLJ DN
-FOR,
MOREHT

cam=y;
Time =t=4 sec

a="?

Using equation of m@
1

S = vt t

S4=0x4+-(a)(4)’

Ss=8a —> (2)

Now the distance covered by the minibus in 5™ second.

= Ss— S4 =36
12.5a—-8a =36
a =8 mj/s?
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Putting the value of a in equation. (1)
S5=12.5(8) =100 m

4. Show that the range of projectile at complementary angles is same with
examples?

Solution:

Two angles are complementary if
a+B=90°

Let a=30° and B = 60°

Vo sin2a

Therefore,
EEE

Solution:

R=

vo? (sin@)? _ v,2 sin26
2g -
Vo2 (sin@)? _ \wy? 2sirBcoso

2g g

Sin® =4cesH

tan6 =4
0=76°
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6. A mortar shell is fired at a ground level target 500 m distance with an initial
velocity of 90 m/s. What is the launch angle?

Data:
R =500 m
Vo =90 m/s
6="7
Solution:

vo2 sin20

R=
=18.
If the shell is fiFungle (90 - 18.6) =
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Unit # 3: Dynamics

surface. What is the acceleration of produced in the box.
Solution:
Step 1: Write the known quantities and point out
quantities to be found.
F=50N
m = 8.16 kg
a=7?
Step 2: Write the formula and rearrange if necessary E

f:‘=ma ora=f-

Step 3: Put the dlﬂ:lc“da and calculate

Solution:
Step 1: Calcul
before the collgsi
p_initial = ma
p_initial =
Step 2: Calcnlate the final momentum (p_final) of the hockey puck
after the collision:
p_final = mass x final velocity
p_final = 0.2 kg % (-8 m/s) = -1.6 kg-m/s
Step 3: Calculate the change in momentum (Ap):
Ap = p_final - p_initial
Ap = (-1.6 kg-m/s) - (2 kg-m/s) = -3.6 kg-m/s
Step 4: Calculate the impulse (J) experienced by the hockey puck
during the collision:
J = Ap

= -3.6 kg-m/s ~ 2
The impulse experienced by the hockey puck during the collision is -
3.6 kg-m/s, and the change in its momentum is also 3.6 kg.m/s.
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Two objects, A and B, are initially at rest on a frictionless surface. Object A has a mass of 0.5
kg, and object B has a mass of 0.8 kg. Object A collides with object B. After the collision,
object A moves to the right at a velocity of 4 m/s, and object B moves to the left at a velocity
of 2 m/s.

a) Calculate the total momentum before the collision.

b) Calculate the total momentum after the collision.

¢) Calculate the kinetic energy before and after the collision.

Step 1: a) Total momentum before the collision:

Step 2: Initial momentum of both objects is zero since they are at rest. Therefore, the total
momentum before the collision is 0 kg m/s.

Step 3: b) Total momentum after the collision:

Total momentu lision is the sum of the momenta o
Pa=ma X va =2 kg'm/s (to thegm

Total momentu llision: 2 kg-m/s - 186

Step 4: ¢) Kine%ore the collision:

Both objects ar¢"nit st, so the initial Iy

Step 5: inetic e i::
i

Kinetic
K-Ex= ( ’H)

inetic energy after the collision

1. The rate of f linear momentum of a body Is called

Section (A): ?%ﬁ
a) Linear force b) Angular force
c) Power d) Impulse

2. The term mass refers to the same physical concept as:

a) weight b) inertia

c) force d) acceleration
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3. Which one of the following force is also called as self-adjusting force?

a) frictional force b) tension

c) weight d) thrust

4. The laws of motion show the relationship between:

a) velocity and acceleration b) mass and velocity
c) mass and acceleration d) force and acceleration

5. The motion of rocket in the space is according to the law of conservation of

a) Energy

C) mass

6. A bomb of rdn Inially at rest explogé
a)32J F 0 n
c)114J

7. 1f mom i

. NIORE

b) linear mom

MR

8. The kinetiC 0

a)ll @

c)3J %

9. For the same Kipetic energy, the momentum is maximum for:
a) an electron b) a proton
c) a deuteron d) alpha particle

10. A 3kg bowling ball experiences a net force of 15N. What will be its acceleration.
a) 35 m/s? b) 7 m/s?
c) 5 m/s? d) 35 m/s?
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KEY:
1.d 2.b 3.a 4.d 5.b
6.d 7.a 8.a 9.d 10.c

Section (B): Structured Questions
CRQs:

1. State Newton's second law of motion.

Ans) If a certain unbalanced force acts upon a body, it will accelerate the body in the
direction of force. The magnitude of the acceleration is directly pr@portional to the

magnitude of the ,u d force.
2. How does J n object's accel
Ans) If we increase the mass at a given force

Therefore, masf Eﬂy proportional to a
3. What are theldi ypes of forces
s W

basis of
Tension Force

objects.

Normal Force

Air Resistan orce

Applied Force

Spring Force
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4. How do you calculate net force?

Ans) The net force is a term used in a system when there is significant number of
forces.

Formula of Net Force:

If N is the number of forces acting on a body, the net force formula is given by,
Fret = F1 + F2 + Fa.... + Fy

Where,

F1, F2, F5... Fn is the force acting on a body.

Net force Whjnﬂtioﬁ IS at rest:

o F5=appl e,
e F4 = gravitational force.

Net force when a body is in motion:

N

—

FY
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Therefore, the net force formula is given by,
Frnet = Fa+ Fg + Fr + Fy.
Where,

o Fais applied force,

« Fgisthe gravitational force,

o F:is the frictional force,

e Fyis anormal force.

5. State the law of conservation of momentum.
Ans) The total li tum of an isolated system (in the ce of external force)

remains const

7. How does imp I@e

Ans) Impulse duct of force and time.
Mathematically, impulse is defined as:
J=F-At
Where:
e Jisthe impulse
o Fis the force applied to the object

e Atis the change in time over which the force is applied
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8. How does friction influence the motion of an object?

Ans) Friction has a significant impact on the motion of objects, and its effects can be
summarized as follows:

1. Slowing Down Motion: Friction acts to slow down the motion of objects that
are in contact with a surface.

2. Preventing Motion: Friction can prevent objects from starting to move in the
first place. If an object is at rest on a surface and a force is applied to initiate its
motion, the force of static friction comes into play. This force opposes the applied
force until a threshold is reached, at which point the object starts moving.

3. Generating Heat: Friction between surfaces generates heat energy as a
result of the constant interaction and deformation of microseopic irregularities.
This heat can sometimes become significant, especially@ations where

objects a ainst each other with high force
4, Affectﬂﬂiﬁcy: In many mechanica e
loss an iency. For exampleginuma

a portion of the energy is lost as heat o ¢ i

can lead d overall efficiency.
5. Influen ject's Path: Frictio

object in motion. For example, if an obje

camsﬂ' “otz‘ar'ved pat Tathe
S. HEN

. lain Newton's Secon
acce i rovide

Ans) Acceleration oh@a
Acceleration o ject is inversely proportional to the mass of an object
ax 1/ m—>(2)
By combining both equations (1) & (2)
ax—

a:kg
k=1

a=F/m

F=ma
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Example:

Let's consider pushing a block along a frictionless surface. Suppose you apply a force of
10 Newton’s to a block with a mass of 2 kilograms. According to Newton's Second Law:

F=m-a

Given that F = 10N =10N and m=2 kg, we can rearrange the equation to solve for
acceleration a:

a=mF = (2) (10) = 5m/s?

So, the block will experience an acceleration of 5m/s? in the direction of the applied

force.

This example illystrate force, mass, and acceleration e@onnected. If the
mass of the blo ter, the acceleration would be sta or the same applied
force. Conver , e were greater, t O W

the mass remains constant.

2. How does th tion of momentu
real-life examples types of collisio
Ans) This rincﬁ holds true for both gla
o'c'lfio \

o’ﬂimm ( '

implicatio
pool table. When one

1. E
|
2. Example ing i
coming to a tic i
after th jon. g
as a singlenunit after the collision. The total momentum is conserved because the

combined mass of the car and the wall remains the same before and after the
collision. However, the total kinetic energy decreases significantly as some of the
initial kinetic energy is converted into deformation and heat.
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3. Explain how the concept of impulse is related to the change in momentum of
an object. Provide an example of an everyday life where impulse plays a
significant role.

Ans) Now, let's examine how impulse is related to the change in momentum of an
object:

Newton's second law of motion relates force, mass, and acceleration as F=m-a. We can
. . . F
rearrange this equation to express acceleration as a = —

Acceleration is the rate of change of velocity, and velocity is the rate of change of
displacement. In terms of calculus, we can represent acceleration as the derivative of

velocity (a = %) and velocity as the derivative of displacement (v ﬁ).

Substituting the ips, we get:
a=%o
T dt dt ' dt  dt?
Now, back to N ond law F=m-a. Subs
_ d%x t
(a= cltz) we get:
2
F- : EEm

In summary, the relation
be expressed as:

J=Ap

One example of an everyday situation where impulse plays a significant role is walking
or running.

Let's break down the scenario:

1. Walking: When you walk, each step involves a rapid series of impulses. As
your foot pushes backward against the ground, the ground's reaction creates an
impulse that propels you forward. This process is repeated for each step you
take, leading to a continuous change in momentum that enables you to move.

2. Running or Jumping: Running and jumping involve more force and a
shorter period of time, resulting in larger impulses. This greater impulse leads to
a greater change in momentum, allowing you to move faster or jump higher.
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Numericals:

1. A car weighing 9800 N is moving with a speed of 40 Km/h. On the Application
of breaks it comes to rest after traveling a distance of 50 meters. Calculate the
average retarding force?

Data:

W =9800 N

v =40 Km/h = 221990 — 11 111 m/s?

3600

S=50m

S
Solution: J 0 I “ N

m =Y =2%_ 1000 kg

g

2a(50) = 0° — 11.1117

L 2
a I
Mﬂn Eh. = \
The negative sign shows that the @\ of thle

= 1.2345 m/s?

f =ma

f = (1000) (2.2345) #1234.5 N.
2. A helicopt 3920 N. Calculate theforce on itif it Is ascending up at the
rate of 2m/s?. t will be the force on helicopter if it is moving up with a

constant speed of 4 m/s?

Data:
W=3920 N
a =2 m/sec?
v =4 m/sec

F=2

F=2
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Solution:
H w
Mass of helicopter =m = .

3920

—— =400 kg

Since helicopter is ascending up therefore the net force on the helicopter is
F-W=ma
F=ma+W
F=3920+400x 2

F =3920 + 800

N 472%’0'“

3. A 100 grams bullef’s fire
speed of recoil of t

Data: @
m; = 100 9= —

1000

=0.1kg

m, =10 kg
Velocity of bullet before firing=u; =0
Velocity of gun before firing =u, =0
Velocity of bullet after firing = v, = 1000 m/s

Velocity of gun after firing = v, =?
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Solution:
According to the law of conservation of linear momentum
miU; + MU = MqV1 + MoVo

(0.1)(0) + (10)(0) = (0.1)(1000) + (10) v,

0.1x1000

T -10 m/s

Vo =-

Negative sign shows that the direction of velocity of recoil of gun is opposite to the
direction of velocity of bullet.

hold the gun in

gram and had a speed of 1500 m/s. Find the necessary for

position?
Mass of bullet —— =0.02 kg
1000
Number of buII;F n
!M ﬁ“E 2 N\
EEE \\

Initial velocity of bullet = v; =

4. A machine gun fires 10 bullets per second into a target. EaEh bullet weighs 20

Mass of

Time =t

Final ve
Solution:

Force necessary t e gun = change in

(0.2)(1500)—(0.2)(0)

F=

1

F=300N
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5. A 50 grams bullet is fired into a 10 kg block that is suspended by a long cord
so that it can swing as a pendulum. If the block is displaced so that its center of
gravity rises by 10cm, what was the speed of bullet?

Data:
m; = 50g
My =05 = = 0.05Kg
m; = 10Kg

h= 10cm———01m

Velocity of bloc ct=ux= é
Velocity of bul i—\“a =vi =V '

Velocity of block after impact =V, =

Velocity of buIIeFﬂenpact =Up =

Solution:

L) RE!E!“\* |

0.05) (uy) + (10) (0)

0.05U1 =

.05v
10.05

U= ——V
0.05

Uz = 20 1)

According law of conservation of energy

loss of K.E = gain of P.E

% (m1+ mpy) Ve = (m1 + my) gh

1.2 _

5V =gh
v? = 2gh
v =,/2gh

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

v=42098)(0.1)
v=14m/s

Putting the value of vis eq (1)
up =201x1.4=281.4m/s

6. A 70-gram ball collides with another ball of mass 140 gram. The initial velocity
of the first ball is 9m/s to right while the second ball is at rest. If the collision were
perfectly elastic, what would be the velocity of two balls after the collision?

Data:

m; = 70 gm = —— = 0.07 kg

1000
e g il

Initial velocity of first ball = U; = 9 m/s
Initial velocity o I=U,=0
Final velocity of first ball = V; =?

Final veIMﬂcﬁ EI!:!/! =2 ’\\

Solution:

Fin city of first ball a

Here -ve sign shows that first ball will return back in opposite direction after collision.

Find Velocity of steel ball after collision:

_ 2myUy + (my-m4)U,

mj+m; mj+m,

— 2(007)(9) _ (0.14-0.07)(0)
0.07+0.14 0.07+0.14

V, =6 m/s
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7. A truck weighing 2500 kg and moving with a velocity of 21 m/s collides with a
stationary car weighing 1000 kg. The truck and car move together after the
impact. Calculate their common velocity?

Data:
m; = 2500 kg
m, = 1000 kg
u; =21 m/s

U2=O

Vi=Vo=v="7?
Solution:
(2500) 0) = (2500) (v) + (@ mmlr.‘-}
! ( }
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Unit # 4: Rotational and Circular Motion

The platter of the hard drive of a computer rotates at 7300 rpm (a) What is the angular velocity
of the platter? (b) if the reading head of the drive is located 3.1 cm from the rotation axis , what
is the linear speed of the point on the platter just below it? (¢) If a single bit requires 0.55 um of
length along the direction of motion, how many bits per second can the writing head write when
it is 3.1 cm from the axis?

Data:

rev = f= 7300 rpm

=7

r= 3 I cm

size of bit = é
Size of bits /

Solution: '

Step 1: (a)

7300 rev/min
60 s/min
The angular
2m

or 43 mega®
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A motor cycle wheel turns 3620 times while being ridden for 6.50 minutes. What is the angular
speed in rev/min (rpm)?

Data:

t=6.50 min

no of revolutions = 3620 rev

®="7?

Solution:

Step 1: formula
6

==

t
3620 rev ’ .
= 557 revolutions per minutes

= 6.5 min
® =557 rpm

What is the ma, ipetd] 4 c
following a curv 00 m at a speed of IDREK
that due to gravi irly gentle curve takging

Data:
rn=3{]0k .
10{} EEE

: Step 1: formula

- — snn

a.~1.54 m/s?

Step 2: To calcu e magnitude of force

F = ma, = mv?/r

F = ma, = (300)(27.8)%/500

F = 462N

To compare this centripetal acceleration with acceleration due to gravity by taking ratio, we get
a. 1.54
9 9.8 g=0.157g

0.157 g is noticeable gravity impact especially if you don’t wear seat belt.
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Curves on some test tracks and race courses, such as M-1 Islamabad — Lahore Motorway, are
very steeply banked. This banking, with the support of tire friction and very stable car
configurations, allows the curves to be taken at very high speed. To illustrate, calculate the speed
at which a 100 m radius curve banked at 30° should be driven if the road were frictionless.
Approach

We first note that all terms in the expression for the ideal angle of a banked curve except for
speed are known; thus, we need only rearrange it so that speed appears on the left-hand side and
then substitute known quantities.

Solution:

Step 1:

Data:

r=100m

6 =300

v=? :

Step 2:

Solution:

Step 1:

The orbital veloc ds on the distance fi
station. This the sum of the radius of the

to the surface:
r=(6.38 x 106 m) + (400 km)

r = 6380000 + 400000 m

r = 6780000 m

Step 2:

The orbital velocity can be found using the formula:

— G Meentral
| 7= «J R

Step 3:
y = [6673x10711x5.98x10%4
678000

V=7672 m/s
The orbital velocity of the International Space Station is 7672 m/s.
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A basketball spinning on the finger of an athlete has angular velocity w = 120.0 rad/s. The
moment of inertia of a sphere that is hollow, where M is the mass and R is the radius. If the
basketball has a weight of 0.6000 kg and has a radius of 0.1200 m, what is the angular
momentum of this basketball?

Solution:

Data:

® = 120 rad /s

m = 0.60 kg

r=0.120 m

L=2?

We can find the angular momentum of the basketball by using the n%nt of inertia of a sphere

that is hollow, and the formula. The angular momentum will be:

L=1Iw
[=2/3 MR?
1=0.66 x 0.60%( 0712

1=5.76x 10°
L=5.76x 10°x

L =0.6912 kg.ntl/s
The angular momentum of the basketball tha

0 | W | ‘ i

e
each case” ate.the

C < "

Data:

I Shtad
rL=5cm=005m

Solution: Stcp@ o —

(@)t=rLF=700% 0.05=35N.m 3.0 om

Step 2: ,
(b)t=rLF=rSin0OF \N )

T =(0.05) Sin 60° x 700 s SN TS a7
t=30N.m L FA ==

|
The arm exerts less torque at this angle than when it is at 90°. Weight machines at gyms are

designed on these parameters.
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Section (A): Multiple Choice Questions (MCQs)
1. One radian is about

a) 25° c) 45°

b) 37° d) 57°

2. Wheel turns with constant angular speed then:

a) each point on its rim moves with constant velocity

b) each point on its rim moves with constant acceleration

c) the wheel turns through equal angles in equal times

d) the angle t Nhe wheel turns in each second ini é as time goes on
e) the angle th m

3. The rotation wheel about its axle U depene u

a) diameter Tﬁ“a distfibttiop“of

b) mass

oM OREHEA

ing the force near t

he wheel turns in gach._se --~ rease as i

rt

b) applying the force n
c) applying the force

5. An object rotati
acceleration. Its

about a fixed axis, | is its rotational inertia and a is its angular

a) is the definition of torque
b) is the definition of rotational inertia
c) is definition of angular acceleration

d) follows directly from Newton's second law
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6. The angular momentum vector of Earth about its rotation axis, due to its daily rotation
is, directed

a) tangent to the equator towards east ) north
b) tangent to the equator towards the west d) towards the Sun

7. A stone of 2 kg is tied to a 0.50 m long string and swung around a circle at angular
velocity of 12 rad/s. The net torque on the stone about the center of the circle is

a) O Nm c) 12 Nm
b) 6Nm d) 72 N.m
8. A man, with his arms at his sides, is spinning on a light fricti(@tumtable. When
he extends his

a) his angular % In“ases

b) his angular velocity remains same

c) his rotational eases
d) his angular momentum remains the sa
9. A spac ignirevel Lrl) dt
surface. [ thor an

EEE

a) gqual to her weight on earth

b) a little

10. If the extern ue acting on a body is zero, then its

c) less than half her weight on“earth
d) zero (she is wel;xle

a) angular momentum is zero

b) angular momentum is conserved
c) angular acceleration is maximum

d) rotational motion is maximum

KEY:
1.d 2.¢c 3.d 4.d 5.d |
6.cC 7.a 8.d 9.d 10. b

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

Section (B): Structured Questions
CRQs:

1. For an isolated rotating body, what is the relation between angular velocity and
radius?

Ans) For an isolated rotating body, the relationship between angular velocity (w) and
radius (r) is given by the formula for tangential velocity (v):

V=Ww.r

This formula essentially states that the tangential velocity of a point on a rotating body is
directly proportional to the angular velocity of the body and the d'éance of that point

from the axis of rotation. In_other words, the farther a point is fr, axis of rotation,
the faster it mov t&ly due to the same angular velagi
2. When the t rtia of a rotatind| bedysisdralve

effect on angular velocity?

Ans) As we kn

L=1l.w
| N |

When the moment of inertia of

w=Lx2 @

I
w’=2y®
w=2w

Angular velocity will become twice.

|
a
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3. Compare kinematics equation of linear motion and circular motion.

Ans)
Linear Motion Rotational Motion
S=Vt e=§or9=wt
S=Vit+-at? B=wt+=at a constant
2 2 a constant
Vet+ Vi _ wf+ wj
Vayg = fz Wavg = L >

V=V, +at wr=wj+at a constant
a constant

2aS=Vf -V~ 200 =w’—w a constant
éa constant

4. Can a smaldnlzuxert a greater topg® ¥ larger force? Giy
Ans) Yes, a small force can exert a greater ta

distance from t tation at which theffo
rotational equivale e and is given by the

T=rF sin(0)
If the forc nt‘Ealg'rliist
force itse

Ans) Angular morr
applications in vario

1. Gyrosco
that utili
reference. y have critical applications in aviation, aerospace, navigation, and
even everyday technology like smartphones and drones.

2. Angular Momentum in Sports: Angular momentum plays a significant role
in various sports, particularly those involving rotating motions. Examples include
figure skating, gymnastics, diving, and acrobatics. Athletes utilize their angular
momentum to perform spins, flips, and twists. By changing their body positions
during flight, they can alter their angular momentum and achieve complex
maneuvers. Divers, for instance, use angular momentum to execute somersaults
and twists in mid-air to achieve graceful and dynamic performances.
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6. Derive relationship between torque and angular acceleration.

Ans) Consider a particle of mass m rotating in a circle of radius r at the end of a string
whose mass is negligible as compared to mass of string. Assume that a single force F
acts on the mass as shown in figure below.

The torque gives rise to the angular acceleration is 1 =r F.
Newton's second law of motion is F = ma,
Tangential linear accelerationa=r a

Equation... can be rewritten as
F=mra
Multiplying both iﬂ i é
- uOIN ~
T=1la
« FOR

whereas

Now let u r iAgTrigid
its,center, which could be an axl

torques is just the tot orqu
>1=( mn

If each particle ighed a number (1,2,3, 4....

I=(Xmrd) =mir?+mar?+mars+ . .........
By combining equations we get
>T=la

This is rotational equivalent of Newton's Second law. It is valid for the rotation of a rigid
bodies about a fixed axis.
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7. List the moment of inertia dependent factors.

Ans) Here are the moment of inertia-dependent factors listed:

1. Mass Distribution: How mass is distributed with respect to the axis of
rotation.

Mass: The total amount of mass the object possesses.

Shape: The geometric shape and dimensions of the object.

w0 DN

Axis of Rotation: The specific axis around which the object is rotating.

5. Distance from the AXis: The distance between the axis of rotation and the
mass elements.

6. Rotati etry: The degree,g

7. Position of Mass Elements: Th

mass eITnB
8. Orientations orientation of the
HTEBRN
M 0 H E EEm \
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ERQs:

1. State and explain the law of conservation of angular momentum. Give two
examples to illustrate it.

Ans) Statement: The law of conservation of angular momentum states that when no
resultant external torque acts on a body, its angular momentum remains constant.

Explanation: In figure 1, consider a particle in uniform circular motion due to a force
acting on the particle that is centripetal force required to deflect the particle to keep it in
circular path.

The centripetal force always points towards the center of the circle so it produces no
torgue about an origin at the center of the circle.

The law of cons ngular momentum then ensuresf
momentum of I constant. The angule
(mrw? remains fixed) a nstant in direction| (t

rotation).
F 0 n axis of rotation
I
MORE!!! AN

e angular

It is worth emphasizing that the above discussion relies on the origin being at the center
of the circle. In Figure 2 a different origin O has been chosen, on the axis of rotation but
out of the plane of rotation. In this case angular momentum is

L=rxp
L=(m + r)xp
L=(n x p)+ (7. X p)

that the angular momentum has a component L. = r; X p which is perpendicular to the
axis of rotation and is not conserved. This is not a problem because, relative to the

origin of Figure 2, the particle experiences a torque 1. = r; X F where F is the centripetal=
force acting along -r.
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Moreover, because r; is constant we have

o

Ly - dp

-— x —
at ac - N XF=1

so the rate of change of L. is supported by the existence of 1.. At the same time, the
component of angular momentum parallel to the axis of rotation remains constant
because there is no torque in that direction.

a

L

T
=0

=g

t
where 1T = 0 ( integrating both sides)
L = constant

Hence, the angular momentum of the particle is conserved if t@torque acting on it
is zero.

2. Discuss forcespac
and velocity?

Ans) Forces acting on Banked Curve: On a curve that is not banked, a car
traveling along that curve will experience a force of static friction that will point towards
the center of the circular pathway restricted by the moving car. This frictional force will
be responsible for creating centripetal acceleration, which in turn will allow the car to
move along the curve. On a banked curve however, the normal force acting on the
object such as a car, will act at an angle with the horizontal, and that will create a
component normal force that acts along the x axis. This component normal force will
now be responsible for creating the centripetal acceleration required to move the car
along the curve. Therefore, for every single angle, there exists a velocity for which no
friction is required at all to move the object along the curve. This means that the caLWillﬁ
be able to turn even under the most slippery conditions (ice or water).
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A free -body diagram is shown in figure below for a car on a frictionless banked curve. If
the angle is ideal for the speed and radius r, then the net external force equals the
necessary centripetal force. The only two external forces acting on the car are its weight
and the normal force of the road N. (A frictionless surface can only exert a force
perpendicular to the surface-that is, a normal force.). These two forces must add to give
a net external force that is horizontal toward the center of curvature and has magnitude
mv/r. As it is a crucial force and is horizontal, we use a coordinate system with vertical
and horizontal axes. Only the normal force has a horizontal component, so this must
equal the centripetal force, that is

2
N sin® =%

zero, meaning that the vertical components of the two external s must be equal in

magnitude and i irection. From figure shown, we! at the vertical
component of ce is N cos6, and the.on \Er i
weight. These | in magnitude, t

N cos 6
Now we can combi two equations {o

as desired. Solving the second equation fo

first yield M ' ' ' 0\
mM E EEN \
COosS r
mv?

ne=—

Because the car does not leave the surface of the road, the net v%tical force must be

tan6=ﬁ
r

g
0= tan’@

This expression can be understood by considering 8 how depends on v and r. A large 6
is obtained for a large v and a small r. That is, roads must be steeply banked for high
speeds and sharp curves. Friction helps, because it allows you to take the curve at
greater or lower speed than if the curve were frictionless. Note that 6 does not depend
on the mass of the vehicle.
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3. Derive the formula for centripetal acceleration using fundamental principles
and equations, illustrating each step of the derivation.

Ans) Derivation for centripetal acceleration: Following the figure shown, observe that
the triangle formed by the velocity vectors and the one formed by the radii r and AS are
similar. Both the triangles ABC and PQR are isosceles triangle i.e. triangles having two
sides identical. The two equal sides of the velocity vector triangles are the speeds v; =
vV, = V. Using the properties of two identical triangles we get

Av _ AS

v r

rearranging for Av, we get

Av="AS é
r
Dividing both sdﬂl “
Av_ v s ‘

At r At

i_‘t’ = a, am Hﬂe magnitude of cefit

V2
ac = —
Itis usefLM?—o gtge\:
w into centripetal’a e
r w?

(rw)? _
& AV =V, -V,
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4. Derive the formula for the moment of inertia of a uniform rod or a solid sphere.
Clearly illustrate each step of the derivation.

Ans)

dl =% r?> dM

p=3 OR M=pV
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di=%r?pdV
di=%r?pdV
For disk: dV = 1 r* dz
dl =% p (mrdz)
=Y%pmridz
From second figure

z*+r*=R?

r*=(R?*-
) Dm

Put in equatio
ﬁonm

2
I=[ %

= 4R3§ —
I—ZMR
5

5. Define torque and explain how does it differ from force in linear motion?

Ans) Torque: Torque is the measure of the force that can cause an object to rotate
about an axis.

The key differences between torque and force in linear motion are:

Direction of Effect:

e Torque causes objects to rotate around an axis.

« Force in linear motion causes objects to accelerate along a straight line.
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Axis of Rotation vs. Line of Motion:
« Torque involves a specific axis of rotation, around which an object rotates.
« Force in linear motion involves a straight line along which an object moves.
Measurement Units:

e Torque is measured in units such as Newton-meters (Nm) or foot-pounds (ft-1b).
e Force in linear motion is measured in units of Newtons (N) or pounds (Ib).

Numericals:

1. A car mechanic applies a force of 800 N to a wrench for the'purpose of
loosening a bolt. He a ilies the force which is perpendicu the arm of the

wrench. The di the bolt to the mechanic's ha .40 m. Find out the
magnitude of plied?
Data:

F =800 ﬂ
8 = 90° (applies the force which is p :

MORE!N!

T=FXr

So

T=Frsin(
T=(80 ) in (90)
T=320 N.
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2. A car accelerates uniformly from rest and reaches a speed of 22 m/s in 9s. If
the diameter of a tire is 58 cm, find

(a) The number of revolutions the tire makes during this motion, assuming no
slipping and

(b) The final rotational speed of the tire in revolutions per second.
Data:

Vi=0

Vf =22 m/s

t=09s

= JOIN"

(@) N =
(b) wi=?

Solution: Fo n

(@)

S=()(9) +

~ (2/a44)
S=99m

Circumference =1d=(1m) (0.58) =1.822 m

So in one revolution it covers 1.822 m, therefore it will make % =54.335 rev = 55 rev

(b)

a=ra
d 0.58
r=—-=—-=0.29m
2 2
a=ra

2.444 = (0.29) o
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2 444

2222 = 8.43 rad/s?
0.29

wr=wj+at

ws=0+(8.43) (9) = 75.87 rad/s
ws = 7587 _ 12 rev/s
2T

3. An ordinary workshop grindstone has a radius of 7.5 cm and rotates 6500
rev/min.

(a) Calculate the magnitude of centripetal acceleration at its edge in m/s? and
convert it into multiples of g.

(b) What is the linear d of a point on its edge? é

r=75cm=-2=0.075m

MORE!!!

—rw

(@)
(b)

0.075 =3.47x 10*m
Multiplying and g right hand side by g

a. = 3.47 x 10* :
a.=3.47x10* &
9.8

a.=355x10%g

(b)
V=rw=0.075 x 680.678 = 51.05 m/s
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4. A satellite is orbiting the Earth with an orbital velocity of 3200 m/s. What is the
orbital radius?

Data:
V = 3200 m/s
R=7?
Solution:

V = G Mcentral
R
V2 — G Mcentral
R
(3200)2 "} I“ 5.98 x 1024 ~

R=23.897x10'm

5. A satellite fﬂﬁblt the earth at a
miles) above t of the earth. De

orbital period of the satellite. (Given:

= MOREN! N\

h = 100 km
= 5.98 x 10%*

Rearth =6.37 X %
R = Rearth + h = 6.37 x 10° + 100000 = 6.47 x 10° m

V = G Mcentral
R

_ |6.673x10711x5.98x 1024
V =
6.47 X 106

Solution:

V=7.85x 10°m/s
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_V
=R
3\2
= CB L) = 9,524 m/s?
2 _  4m?R3
T a GMcentral
T2 = 4m?(6.47 x 10°)3
T (6.673x 10711)(5.98 x 1024)
T=5177.04s
T =1.44 hours

6. A thin disk with a 0.3m diameter and a total moment of i

rotating about mass. There are three rocks Vi
the outer par ind the total momen itia e

Data:

i of 0.45 kg.m? is
sses of 0.2kg on

dgisk = f
Id|sk - O 4 kg m

So

Itotal IdISk +

lrock = Mrock- Tdi

lrock = (0.2) (0.15)% = 4.5 x 10°° kg.m?
liotal = 0.45 + 3(4.5x107%)
liotas = 0.464 kg.m?
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7. What is the ideal banking angle for a gentle turn of 1.20 km radius on a highway
with a 105 km/h speed limit (about 65 mi/h), assuming everyone travels at the
limit?

Data:
0="2
r=1.20 km = 1.20 x 1000 = 1200 m
v = 105 km/h = 22221990 _ 59 167 m/s
Solution:

00
0=4.14°
8. A 1500-kg cf iBon a flat, horizo

Figure 4.21. If the radius of the curve is

between in
have an 70< ':&/ cce
EEE

Data:

Solution:

f=F,

mv?

umg =

r

_ (1500) v2
35

(0.523)(1500)(9.8)

v =134 m/s
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9. A system of points shown in figure 4.22. Each particle has same mass of 0.3 kg
and they all lie in the same plane. What is the moment of inertia of the system
about given axis?

. JOIN
. Im:.:?o.s T 0 H
"MOREML.

| =0.135 kg.m?

10. (a)
wheel of radius 20
to stop it in 6s?

Data:
m = 2.9 kg
r=20cm=—-=-=0.2m
1000
= 1550 rpm = 22222 = 162 32 rad/s
L="7
(b)
T=7
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t=6s
Solution:
@)
L=lw
L= (% mr?) w
L =-(2.9) (0.2)° (162.32)
L = 9.415 kg. m?/s
(b)
~J0IN
i =L =9.415 kg. m?¥
“=FOR
T=-1.6 N.m

11, Det MBEEMIen
(Assum ifo

Earth as a particle orbiting th
,andis1.5x1

Data
Me = 6x124
R=6.4
R=15x10%km=15x10"m
(@)
=7
(b)
=2
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Solution:
(a)
I =2 Me R?
5
=2 (6 x10°) (6.4 x 10%’
| =9.8x10°" kg.m?
2T

w= =
T

T =24 x60x60=286400s
8““5]0ch
w=7.2
L=lw= 3 (7.27 x 10°) =
(b)

I—MeR’z—(6x1024)(15x1011

MORE!!!

2T
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Unit # 5. Work, Energy and Power

plest ]

—

&
“ .( i i

Calculate the work done from the followmg force-dlsplacemnt graph

Solution: 2 S Y
Step 1: Write the known quantities and g

point out (A8

Force F = 4N

Base of Area I =4m = AREA Il

Base of Area II = 8m ;

Base of Area III =4m

Step 2: Write t lmamd rearrange .
if necessary “
Area Il = Area of rectangle = Force x displace

Area | & Il = Ar =— X Force X Di§ple
Total workdon + Area Il + Area

R

= =X 4N X 4m + 4N x 8m

A car with a 0
of the car.

Solution:

Step 1:

Mass (m) = 1,200 kg
Velocity (v) =25 m/s

Step 2:

The formula for kinetic energy is given by:
2

Kinetic Energy K. E = %mv

Step 3:

Substituting the given values into the formula:
1

K.E = 5{12{113)(25)2

= 375,000 Joules
Therefore, the kinetic energy of the car is 375,000 Joules.
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The mass of the earth is 5.98 x 10%** kg and the mass of the sun is 1.99
% 10%° kg, and the earth is 160 million km away from the sun, calculate the
GPE of the earth.
Data:
the mass of the Earth (m) = 5.98 x 10%* kg and mass of the Sun (M)
M= 199 x 103° kg
Solution:
Step 1: The gravitational potential energy is given by:

—GMm
U=——>

>

Step2: U =

6,673 x 10711 x 5,98 x 10%* x1,99x103°

160x10°

U= 4963 x 103°]

A person riding
crosses the road
500 N for a dis
braking?

Step 1: ldentlf
Step 2:
The initi
Step 3:
The force on the ob;ect is 500

has a mass of 120 Kg
d hitting the dog th
meters. What is the

the mass o}the ob;gct ‘ﬁ ;

Step 4: Identify or&algtilate the initial ene

Using the kineti ormula.
1
K. Eiitiat = 2 zn i
1
K. Eqitiat = E(l )(10)? = 6,000joules
Step 5: Add the result from Step 4 with the result from Step 3.
6,000 joules + (—5,000 Joules) = 1,000 joules
Step 6: Using the result from Step 5 equate it to the equation of kinetic energy
and solve for velocity to receive the final velocity of the object.
K. E,‘,“u = 1.000]0!1133

1 2
E mv!'('na‘ — 1,000

1

Vriinat = V16.7 = 4.1m/s
| The final velocity of the bicyclist when they stop braking is 4.1m/s.
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Section (A): Multiple Choice Questions (MCQs)

1. Work done by centripetal force is always:

(a) Maximum (b) Minimum

(c) Zero (d) None of these

2. A body of mass 5 kg is moving with a momentum of 10 kg m/s. A force of 0.2 N acts
on it in the direction of motion of the body for 10 seconds. The increase in kinetic energy
is:

(a) 2.83 (b) 3.2 J
(c)3.8J (

3. The kinetic e ht and a heavy object is same,_V
momentum? v

»
(a) Light object | ‘

(c) Both have siﬂ]nntum

4. Two bodies of mass 1 kg and 2 kg have e

kinetic enmso n E ' ' '
(@ 2:1 EEE

J

bject has maximum

(c

5. A body talle ght\l S
(a) only potential en%

(c) half potential h inetic energy
potential

6. Which of the following quantity can be calculated by multiplying force and velocity?
(a) acceleration (b) power
(c) torque (d) work

7. The minimum velocity given to an object so that it emerges out from the gravitational
field of earth is about ----------------- :

(a) 11.2 km/s (b) 15.3 km/s
(c) 5 km/s (d) 9.8 km/s
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8. When one joule of work is done on a body in one second, power of body is said to be:
(a) One watt (b) 0.5 watt
(c) zero (d) 100 watt

9. The absolute potential energy of an object depends on:

(a) The object's mass and height (b) The object's mass and
speed

(c) The object's shape and size (d) The object's color and
temperature

10. The escape velocity of a planet depends on which of the following factors?
(a) The mass of I nly é
(b) The radiusJ?u)tru)nly

(c) Both the ma theyradius of the plane
(d) The density Fta?ulnet

KEY:

l.c
6.b

Section
CRQs:
1. How does k te to the transfer of €

Ans) Work-Energy Theorem: The work-energy theorem states that the net work
done on an object is equal to the change in its kinetic energy. In other words, work
transfers energy from one form to another. Mathematically, the work-energy theorem
can be expressed as:

W_net = AKE
Where:

e W _netis the net work done on the object.
e AKE is the change in kinetic energy of the object.
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2. How is power related to work and time?

Ans) Power, work, and time are related in terms of being inversely and directly
proportional.

1. Directly Proportional: Power is directly proportional to the amount of work
done (or energy transferred). This means that as the amount of work done
increases, the power required to do that work also increases, assuming the time
taken remains constant. Similarly, if the energy transferred increases, the power
involved also increases.

Mathematically: P « W

2. Inversely Proportional: Power is inversely proportiondl to the time taken to
do the work (or transfer the energy). This means that a ime taken to

perform unt of work i increases, the pow red decreases,
assumi of work done remain ersely, if the time
taken deCreases, power involved i

Mfﬂﬁlly: P oc%
3. What is the difference between avera

Ans) \ !

= = Averdd -:F-J-n-l "—mr.wa
Definition Average ratesafengioy transfe Eﬁu

a speci m "pf al.
Formula v 5 _W

avg = 7

Time Frame credover a G et ks &8s AHRE

rval.
Usage rovides an overall view of efficiency | Gives insight into power
or performance over time. fluctuations at different
moments.
Example Calculating the power consumption Measuring the power
of a device over an hour. generated by a car engine
at a specific RPM.

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

4. How does gravitational potential energy change with height and mass?

Ans) The change in gravitational potential energy with respect to height and mass can
be understood through the formula for gravitational potential energy:

PE = mgh

1. Change with Height (h): Gravitational potential energy is directly
proportional to the height above the reference point. As an object is lifted to a
greater height, its gravitational potential energy increases. The higher the object
is lifted, the more work is done against gravity to move it against the force of
gravity. This work done gets stored as gravitational potential energy.

Mathematically: PE « h

2. Change with Mass (m): Gravitational potential energyis directly
proportioRal ss of the object. A heavier objec ses more
gravitatio energy at a given height compa a lighter object. This
is beca object requires m ' . .

Mathematically: PE o« m
5. What is the | gﬁervaﬂon of energ
Ans) Energy cafi n e created nor destt
form to another. A loss in one form of ene
the other : total

6. How d

minimizing energy losses. He
transformations: @
1. Power G on: In power plants
energy (like coal, natural gas, or sunlight) into electricity. Maximizing

energy efficiency in these transformations is vital to ensure that a higher
percentage of the input energy is converted into usable electrical energy,
reducing waste and environmental impact.

2. Transportation: Vehicles, whether powered by internal combustion engines
or electric motors, undergo energy transformations. Energy efficiency in
transportation is critical to optimize fuel or electricity usage, extending travel
range and reducing emissions.
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7. What is the work-energy theorem and how is it expressed mathematically?

Ans) It states that total work done on the body is equal to the change in kinetic energy
(Provided body is confined to move horizontally and no dissipating forces are
operating).

Mathematically; W = K.E, - K.E;
8. How is the work done by a variable force calculated?

Ans) In this condition we consider the variable force to be variable for any elementary
displacement ds as shown in figure below, and work done in that elementary
displacement is evaluated. Total work is obtained by integrating the elementary work

from initial to final limits.

-JOIN 2
ERQs: F 0 n
1. How tM"R 'Eg!a!i!ationa

4. 8how that the work done,i

Ans) To prov atemén

of path. Lets us take osed\

simplicity the base isftaken perpendicular fo
body is at A.

Wa_s =k .S; cos B
Since, S;cosB=hand F =mg

Wa g = mgh

Wg_,c=F.S;=FS,cos90°=0

Wc _, A = F.S3=FS3 cos (180° — B) = FS; (-cos B) = -FS3 (cos B)
Since, Szcos B =hand F =mg

Wc . A =-mgh
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Thus, total work done along path ABCA
= (mgh) + (0) + (mgh) =0

y l ‘
C, in both the c rk done is same, suUG
done is indepe h is called conservative
done in a closedpatf’i ays zero.

2. Calcul r @it 'c'e'\tial
gravity.
EEE

Ans) Consider a body of mass '
gravitational field such as that t
moving is gi

Where F is the ex
the body and t i
external force

cement are along the same
given by:

Wex = Fex h  (since cos 0° = 1)

As the acceleration of the body is zero therefore magnitude of external force is equal to
that of the force of gravity i.e.

Fex = Mg
Therefore Wex = mgh—>(1)

Work done "Wg" by the gravitational force "Fg” is given by

Wy = Fg.h = Fgh Cos 180° (Since Fg and h in opposite direction then angle
between them is 180°)
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Since Fg = mg
Wy =-mgh
OR
-Wyg=mgh —> (2)
Comparing eqgn (1) and (2)
Wey = W,

By putting the value of Wy from eq. (2), we get

FOR
MORE!!!-

B :

3. Describe that the gravitational PE is measured from a reference level and can
be positive or negative, to denote the orientation from the reference level.

Ans) The measurement of gravitational potential energy involves the use of a reference
level, and its sign can be either positive or negative, indicating the orientation of the
object relative to the reference level.

The reference level serves as a baseline point from which the height or distance of the
object is measured. Typically, this reference level is chosen to be at the surface of the
Earth or another defined point within the gravitational field. When an object is located
above the reference level, its gravitational potential energy is positive. This signifies that
the object has the potential to do work as it falls toward the reference level under the
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influence of gravity. The greater the height above the reference level, the higher the
potential energy of the object.

Conversely, when an object is positioned below the reference level, its gravitational
potential energy becomes negative. This negative sign indicates that the object is
already in a lower energy state and would require an input of energy to move it back up
to the reference level. Objects closer to or below the reference level have decreasing
negative potential energy as they move deeper into the gravitational field.

5. Define work by variable force. Calculate the work done from the force-
displacement graph.

Ans) Work done by a variable force refers to the energy transferred or expended when
an object is subjected to a force that changes in magnitude and difection as the object
undergoes displacement.

The work d e force-displa
covers displac , to Xy, when a variable

situation, we plot the raph between force and dis
shown in figure; ﬁﬁ

F(x)! F(x)A x

the area under the 0 ;
the work done ody we divide the covered dlsplacement into small segments

Axy ,Ax,, Axs .. ﬂxn and the corresponding forces for each segment are

Fn,sz,Fﬂ Fin, @as shown in figure 5.6.

We know the wurk done for each segment will be W;, W,, W3, ... ... W,.

The total work done in this case willbe W = W, + Wy + W5 + - W,, = ¥, W,
n

—_—

Wy = FipB%, + Forp.AXy + Fyg.AXg + -+ Fop Axpy = ) Fp. Ax,

WT = i F,‘,l ﬂxI

Wr =Y, Fy; Ax; cos ¢
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Numericals:

1. Aman pulls atrolley through a distance of 10 m by applying a force of 50 N
which makes an angle of 60° with the horizontal. Calculate the work done by the
man?

Data:
F=50N
s=10m

0 =60°

é
Solution: J 0 I “ ~

W = Fs COs ‘

W = (50) =250J
2. A 100 kg mamnz long flight of st3
the stair is 10 m. Calculate its power?

- NIDREIT A

=908s

h=10m

P="7 @
Solution: @
w
t

P =

Since, W = mgh
_ mgh
P==

_ (100)(9.8)(10)
- 9.8

P

P =1000 W
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3. When an object is thrown upwards. It rises to a height 'h'. How high is the
object in terms of h? when it has lost one third of its original kinetic energy?

Data:
H =2
2
K.Efina = 3 K.Einitial

Solution:

v = 2vE—> (1) é
Now, if h is thedﬂmight achieved by the ball whe /i n using the

kinematic equ

>
K.Efinal = initial =P -Efinal ‘ ‘
1 me2 = “ h |
2

MOREN! N

=2gh

Now for
euation (1)
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4. A 70 kg man runs up a hill through a height of 3 m in 2 seconds.

a) How much work does he do against gravitational field?
b) What is the average power output?

Data:
m =70 kg
h=3m
t=2s

@w="?
(b) Pay =7

Solution: 0
o JOIN
W = mghg= ) (3) = 2058 J
o FOR
Pagi & .
JMORE!!!

utron travels a dist
Assumi i

neutron 1.7 x 10?7 k
Data: %

s=12

t=3.6x10"s
m=1.7 x 10%' kg
KE=?
Solution:
s_ 12

V=-=
t 3.6x107%

= 33333.333 m/s

K.E=§mv2

KE =2 (1.7 x 107") (33333.333)°
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K.E =9.444 x 10 J
K.E = 9.444 x 10 (6.242 x 10'®) = 5.895 eV

6. A stone is thrown vertically upwards and can reach to a height of 10m, find the
speed of stone, when it is just 2m above the ground?

Data:
h=10m
h’=2m
V=7
Solution:

2gh = Vd ﬂ I N
2 (-9.8) (10) = 0-v

Initial K. | .E = Final K.E +
l 1 ’\
2

1”Mﬂn Er! Em \
-v-—gh’ =-v

2 2
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7. The potential energy of a body at the top of a building is 200 Joules when it is
dropped its kinetic energy just before striking the ground is 160 Joules, find the
work done against the air resistance?

Data:
P.E=200J
K.E=160J
W=7
Solution:

KE=PE-W

160 = 20

1))
8. Find the ene ivalent of 1 gram?
= FOR
NGBEIN <
EM“H(E--- \\

E = (0.001) (3@
E = 9x10™
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8. A 1Kilowatt motor pump, pumps the water from the ground to a height of 10 m.
Find, how much litres of water it can pump in one hour?

Data:
P =1 kw = 1000W
h=10m

Y:?
t

Solution:

w

_ mgh

:kgfél\li.ﬁﬁ!!!“\\

becomes

<

=10. 0'=3.672 x 10% litre/h

|

|
[EY
o
N
E
=
~
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10. A rocket of mass 2kg is launched in air, when it attains height of 15m the 400
Joules of its chemical fuel burns. Find the speed of rocket at maximum height?

Data:
m =2 kg
h=15m
W =400J
Vi="?

Solution:

GaininK.E+ GaininP.E=W

o Jm “

2

1 2

5(2) Vi~ + 8) (15) = 400

vi=10.3m/
11. A motor pumps the water at the rat
the motoM(neniEtllf'ho ¢
Data: EEE

m

h=120m

SN\

Solution:

_m
P= T gh
P =(30) (9.8) (120) = 35280 W
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P'=Pxn

P’ = (35280) (0.5) = 17640 W
OR

P =17 _ 73646 hp

746

JOIN
FOR
MORE!

@o
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Unit #6: Fluid Statics

A hydraulic system consists of two connected cylinders, Cylinder A and Cylinder B. Cylinder
A has a piston with a radius of 5 cm and Cylinder B has a piston with a radius of 10 cm. A force
of 200 N is applied to Cylinder A. Calculate the force exerted by Cylinder B.

Solution:

Data: . Fg I
Radius of Cylinder A =5 cm=0.05m F4=200

Radius of Cylinder B = 10 cm = 0.1 m ‘ ! | ‘
Force applied to Cylinder A ﬁA=200N A 8

Step 1: According to Pascal's law, the , |

pressure exerted on the fluid in Cylinder A | Sem - 10cm

is transmitted t e fluid in "

Cylinder B. T:d “'sure in both | ° =

cylinders will

Step 2: The formula for pressure is:

Pressure (P) = Area (A)
The area of a ¢yl calculated using the
Area(A) = nr

Let's calculate the pressure in Cylinder A:

Area of
= (3.14
Pressure inde

200 N /0.00785 m*

Step 3: Since (NC PreSsUre is the' both cylifid g
Cylinder B using the prgéSure antthe area of Cylingle
Area of Cylinder B =S g/B?

Area of Cylinder B (0.1m)*

=0.0314 o7

Step 4: Force exe y Cylinder B (?B) = Pressure (Py) X Area (B)

= 25477 Pa x 0.0314 m*

~ 800N

Therefore. the force exerted by Cylinder B is approximately 800 N, in accordance with Pascal's
law.
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When a crown of mass 14.7 kg is submerged in water, an accurate scale reads only 13.4 kg. Is
the crown made of gold?

Approach:

If the crown is gold, its density and specific gravity must be very high.
Solution:

Step 1: Formula: W,=F,= W - Fg

W —-W,=Fg

Step 2: Let V be the volume of completely submerged object and p, the object’s density (So p.
V is its mass) , and let pris fluid density ( water) . Then pr V is the weight of fluid displaced,
|then

‘W =mg=p, Vg

W-W.=Fs=perVg

By dwndmg them
\ _Povg
w Prv
:Step 3: Densnya ter is 1x10° kg/m?
— = -,
PF a - : o ) Gogw

(14

| This shows that

What vo

Step 1:

The buo

dlsplaced air, must be at least equa

Step 2: Fy=(mpg +
This equation is wrltt 1

Pair V&= ( Prel V
Step 3: Solvi
BRiaE I
palr phel

1.29-0.179 179
=166.5 m’
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A solid, square pine wood raft measures 4.5 m on a side and is 0.35 m thick. (a) Determine
whether the raft floats in water and (b) if so how much of the raft is beneath the surface thee
distance h?

Step 1:

Side=4.5m

Thickness = 0.35 m

Step 2:

To determine whether the raft floats, we will compare the weight of the raft to the maximum
possible buoyant force and see whether there could be enough buoyant force to balance the

raft is in equilibripm, wi magnitude of the buoyant force equaliz
Step 3: th
(a) '

»

Wi = Myine g Where myie can be calculated by D P { ‘r"
(

W = 550 x 7
Woas = 38269 N
Fs=(pVg) water = =10 x9.8 = 69580 N

Since the F' .t foree e 0‘-
(b) n EEE

float onl
The buoyant force balances the ra

38269 N =
Solving for h, we get

h=0.19m §
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The base of an insect’s leg is approximately spherical in shape, with a radius of about 2.1x 10
m. The 3.2 x 10 kg mass of insect is supported by equally by its six legs. Estimate the angle
for an insect on the surface of water. Assume water temperature is 20°C.

Step 1:

r=21%x10"m

m=3.2x10° kg

0=2

Since the insect is in equilibrium, the upward surface tension force is equal to the effective pull
of gravity down ward on each leg.

Step 2:

For each leg, we assume the surface tension force acts all around the le of radius r, at an
anglef. Only the i onent, ¥ Cos 0 , acts to balance the g. So, we set the
length L equal &Mc of the circle L = 2n r. Then the g ard force is due to
surface tension ¥ L= (yCosO) 2nr. M ' A0

one-sixth the weight of the insect since it has six le

Step 3:
2nryCos 0 = llfﬂn
21 (2.1 % 107°) (097 1/6 (3.2 x 10%) ¢

0 = 56"

Water flows throudhea fire hose of diameter 6.5 cm at a speed of 5.99 m/s. Find the flow rate of
the fire hose in L/nt

Step 1:

v =25.99 ms

r=325cm=0.0325m

A=nr’=3.14 (0.0325)°

flow rate=?

Step 2:

Flow Rate = Av

Flow Rate = (5.99)xm(0.0325)

Flow Rate = 0.01988 m*/ s x (1000 L / m®) (60 s /1 min)
Flow Rate = 1192 L/min
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Section (A): Multiple Choice Questions (MCQs)

1. A completely submerged object always displaces its own ----------- .

a) weight of fluid c) density of a fluid

b) volume of a fluid d) Area of fluid

2. The pressure exerted on the ground by a man is greatest when:

a) he stands with both feet flat on the ground c¢) he stands on the toes of one foot

b) he stands flat on one foot d) he lies down on the ground

3. In a stationary homogeneous liquid
a) pressure is ﬂﬂ] NII points
b) pressure d direction ‘

C) pressure isi of any atmospheri
liquid

d) pressure is the same at all points at the
4. One pi clil'r‘s a
pressure stonfisfincr
HEN
a)dncreases by 2Ap

b) increa

5. In a vacuum, an objecthas

a) No buoyant for
b) no mass d) none of these

6. The pressure at the bottom of a pond does NOT depend on
a) Water density c) the surface area of the pond
b) the depth of the pond d) none of these

7. A rock suspended by a weighing scale weighs 5N out of water and 2N when
submerged in water. What is the buoyant force on the rock?

a) 3N c) 8N
b) 5N d) 15 N
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8. “An object completely submerged in a fluid displaces its own volume of fluid”. This is:

a) Pascal's paradox c¢) Pascal's principle

b) Archimedes' principle d) true, but none of the above
9. Salt water has greater density than freshwater. A boat floats in both freshwater and
saltwater. The buoyant force on the boat in salt water is ------------- that in freshwater.
a) equal to c) larger than

b) smaller than d) same as

10. You fill a tall glass with ice and then add water to the level of the glass's rim, so
some fraction of the ice floats above rim. When the ice melts, what's happens to the
water level?

e O

b) the water level drops below the rim

c) the water Ievfﬂ he rim
d) it depends on the difference in density

CRQs:
1. State Pascal's

Ans) Pascal’ ciple: “When a change in pressure is applied at any point to any
static fluid, it is transmitted perfectly to all portions of the fluid and to the wall of the
container.”

Applications:

1. Automobile Hydraulic Brake System: The rear wheel hydraulic brake
system of a front-wheel-drive shown in figure shown is an application of Pascal's
principle. When driver pushes the brake pedal,

“The pressure on the piston in master cylinder is transmitted through the
brake fluid to the two pistons in the brake cylinder” N
This transmitted pressure then forces the brake-cylinder pistons to push the

brake shoes against the brake drum and stop the automobile. Now by releasing
the brake pedal releases the pressure on the pistons in the brake cylinder. The
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spring pulls the brake shoes away from the brake drum, which allows the wheel
to turn freely again.

Brake fluid

Plsloﬂ
t Brake
Piston

" cylinder
Brake pedal Master Ry
cylinder

v
Pivots

2. Hydraulic Lift or Hydraulic Jack: Hydraulic lift is@o raise up large

weight up to relatlvely short distance.
The hydr ck is applications of hydraulicsige
machin \

It conta re55|ble fluid |n a getubegwhi

side. If a F1 is applied to the
in figure sho pressure is trans
the Iarge ist i

sed as a simple

For example, if the area of output piston is 20 times that of the input cylinder, the
force multiplied by a factor of 20. Thus, a force of 200 Ibs. could lift a 4000 Ibs. of
weighing automobile.

! t
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2. (&) Why must a liquid and not a gas be used as the 'fluid' in a hydraulic
machine?

(b) On what other important property of a liquid do hydraulic machines depend?
Ans)

(a) A liquid is preferred over a gas as the fluid in a hydraulic machine because
liquids are incompressible, provide efficient energy transmission, are safer and
more stable, have quicker response times, and offer consistent properties. Gases
are compressible, less stable, and can lead to unpredictable behavior, making
them unsuitable for efficient hydraulic operations.

(b) In addition to incompressibility, another important property of liquids that
hydraulic machines depend on is the fact that liquids transgiit pressure equally in

all directions. This is often referred to as Pascal's princiascal's law.

According't principle, when pressure is appliedito/a confined liquid, that

pressu d undiminished to allpeiiensfofitheliguid ‘

of the c r. uniform transmisSiomse

generate rce in a controlled

3. Why don't ship of iron sink?

Ans) Shi '
principle M j E ':f
shape an ignd a lange

that counters the weight of the s
and any enclosed

4. Why do you floa@in salt water tha
Ans) Saltwater is S an freshwater becausetr
mass without i ly increasing its volume. As a resu puoyant force exerted

by saltwater is stranger than that exerted by freshwater. This increased buoyant force
causes you to float higher in saltwater than in freshwater.

5. What is the difference between being immersed and being submerged in
water?

Ans) "Immersed" describes an object partially or fully in contact with a fluid, such as
water, without necessarily being completely covered. It suggests a presence within the
fluid but not complete submersion. For instance, an ice cube in a glass of water is
immersed because part of it is above the water's surface. "Submerged,” on the other
hand, refers to an object being entirely covered and surrounded by the fluid, typically =
beneath the fluid's surface. When an object is submerged, it is fully hidden from view
within the fluid. A scuba diver underwater is an example of something submerged, as

the diver's entire body is beneath the water's surface."
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6. Define surface tension and give its any two applications.

Ans) The force per unit length acting on either side of the imaginary line drawn on the
liquid surface at rest. The direction of force is tangential to the surface and
perpendicular to the line.

Applications:

1. When a pin is placed gently over the surface of water, it floats as shown in figure
6.9(a). There is a depression of the surface which behaves like a stretched
membrane. As needle is pressed with a finger, the layer of surface tension
breaks and the needle sink in the water.

J(
2 SM&M@':.!!%) ]

its weight becomes ef'fect
buoyant force.

A\
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7. A swimmer dives off araft in a pool. Does the raft rise or sink in the water?
What happens to the water level in the pool? Give reasons for your answer.

Ans) When a swimmer dives off a raft in a pool, the raft will temporarily sink slightly into
the water, and the water level in the pool will also temporarily rise. Here's why:

1. Raft Sinking: As the swimmer dives off the raft, their weight is removed from
the raft, causing a decrease in the downward force applied to it. According to
Newton's third law of motion, every action has an equal and opposite reaction.
The raft, no longer experiencing the downward force from the swimmer's weight,
will experience a slight upward force from the water known as buoyancy. This
buoyant force will cause the raft to rise slightly in the water, indicating that it has
become less submerged

certain v er equal to their body's volume.
will tem ﬂ ue to the volume of water displa
swimm nd moves throu ) -"

achieved t
by the flu as u% 0
fluid on a o5 Its| from

objects feeI Iighter ina f|UId compa ﬂ

state on‘the
providing an upward b nc

ERQs:
1. Discuss bu@n liguids and gases.

Ans) In liquids:

e |If the weight of the submerged object is greater than buoyant force, the object
sinks.

e If the weight of object is equal to the buoyant force acting upwards on the
submerged object, it remains at any level in fluid, like a fish.

e |If the buoyant force is greater than the weight of object which is completely
submerged, it rises to the surface and floats.

For example, a ship that is launched into sea, sinks into the ocean until the weight-of the=
water it displaces is just equal to its own weight. As the ship is loaded, it sinks deeper,
displacing more water, and so the magnitude of the buoyant force continuously matches
the weight of the ship and its cargo.
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In gases:

We live at the bottom of ocean of air and look upward at balloons and other lighter than
air objects are drifting above us. Air pressure acting upward against an object immersed
in air is greater than the pressure above pushing down. The buoyancy is equal to the
weight of fluid displaced. So, Archimedes' principle also implies to air which is stated as:
“An object surrounded by air is buoyed up by a force equal to the weight of the air
displaced.”

A cubic meter of air at normal atmospheric pressure and room temperature has a mass
of about 1.2 Kg. so its weight becomes around 12 N.

e If the mass of the 1 m® object is greater than 1.2 Kg, it falls to the ground, when

released.
e If an obje this size has mass of less than 1.2 Kg, b force is greater
than weidtﬂit sin air.
Because gas (Hyd elium) filled in balloenss At rise ' '
air. Air becomes less dense at high altitude; a )| dis :
volume as the rises. When the weightiof
the balloon, upwar of balloon ceases

L

Isoskmo

Ans) Th t

)

submerged in a fluid (liquid or g i d buoyant f
wel the fluid displace . - Y h
u B
. O
: \HJ t ina l l.
t of liquid equal to Its|© olumel The dpward hudyalit force
s proportional to the Weighisof tHediguid di&h

the liquid they're placed in float, while those with higher density sink.

2. Law of Flotation in Gases (Air): The same principle applies to gases like
air, though there are a few differences due to the compressibility of gases
compared to liquids. When an object is placed in a gas, it displaces an amount of
gas equal to its own volume. However, since gases are compressible, their
density can change significantly with pressure and temperature variations. This
can influence the behavior of floating or sinking objects in gases.

In both cases, the key concept is that the buoyant force opposes the force of gravity
acting on the object. If the buoyant force is greater than or equal to the gravitational -,
force, the object will be positively buoyant and will rise to the surface or remain floating.
If the gravitational force is greater, the object will be negatively buoyant and will sink.
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3. Discuss surface tension with at least three experiments.

Ans)

Surface tension: The force per unit length acting on either side of the imaginary line
drawn on the liquid surface at rest. The direction of force is tangential to the surface and
perpendicular to the line.

1. When a pin is placed gently over the surface of water, it floats as shown in figure
6.9(a). There is a depression of the surface which behaves like a stretched
membrane. As needle is pressed with a finger, the layer of surface tension
breaks and the needle sink in the water.

2. Somein
water suppo

3. A drop of Olive oil is dropped through a pipette, gently inside a mixture of alcohol
and water, which forms a perfectly spherical shape. The density of the mixture is
same as of olive oil. Due to surface tension, the tendency of a liquid surface is to

keep its area minimum. For a given volume, the surface area of a sphere is
minimum. Due to this reason, the raindrop is in spherical shape.
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4. Explain Archimedes principle and find gold purity by using density.

Ans) Archimedes' principle: It states that when an object is immersed into a
liquid, it experiences upward thrust which is equal to the weight of the liquid displaced
by that object.

The magnitude of the upward force depends upon:

e Volume of the body- more fluid that is displaced, the greater the upthrust.
e Density of fluid- the greater the density, greater is upthrust.

It should be clear from the above that a floating body will displace its own weight of fluid
such that there is no vertical resultant force on the body.

Therefore, if a sphere of material density p with radius r is fully 4 rsed into a liquid of
density o; showrlli I low, the apparent weight of sphe
Appar ctual Weight- ugtht ‘

The fluid may either,
upthrust in air i

iquid or air which ha
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Numericals:

1. In a hydraulic press a force of 20 N is applied to a piston of area 0.20 m2. The
area of the other piston is 2.0 m2. What is (a) the pressure transmitted through the
fluid, (b) the force on the piston?

Data:
F1=20N
A; =0.20 m?
A; = 2.0 m2
@pP=7?

(b) Fom
Solution: Jn I “
(a)

--:-FOR

P=100P

MORE!

(b)
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2. The pressure in a water pipe in the ground floor of a building is 4x 10° Pa but
three floors up it is only 2x 10° Pa. What is the height between the ground floor
and the third floor? The water in the pipe may be assumed to be stationary;
density of water =1x10° Kg/m?.

Data:
P, = 4x 10° Pa
P, = 2x 10° Pa
h="?
p = 1x10% Kg/m®
g =10 m/s? é
Solution: J 0 I “ \
AP = pgh
4x 10° - Fﬂ:n103) (10) (h)
h=20m
3. The er BJ’HE
is 50.0 N f th
4800N? nmu

Data®
A; =10.0 cm

F, =50.0
F, =48
Solution:

F_F

Aq _Az

Foa_ A

F, A

4800 _ A,

50 10

A, = 960 cm?
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4. Mechanical advantage of a hydraulic jack is 420. Find the weight of the heaviest
automobile that can be lifted by an applied force of 55 N.
Data:

M.A =420

Fin =55 N

Fout = ?
Solution:

MA—EE

o Foj. I “
55
I:OLIt - ‘
5.Af|at-botto e is 30 ft wide, 85 f G f .
m?® of water w:} while the top stays 1 m ab¢ in
tons will the b in under these C _ 60
tons in dry dock?

= MOREI!

w = 30ft———91

h=15ft=-2

h'=4.6 m
Mempty = 160 tons = 160 x 1000 = 160000 kg

(@) V(nmd =2
(b) Load the barge can carry = ?

Solution:

(@)
V=wxIxh’=(9.15) (26) (3.6) = 856.44 m®

(b)

Buoyant force =V xp xg
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Buoyant force = (856.44) (1000)(9.8) = 8.4 x 10° N

Weight the barge can carry = Buoyant force - Weight of empty barge = 8.4 x 10° -
160000 x 9.8 =6.832 x 10° N

Load the barge can carry = 6.832 x 10°/9.8 = 6.971 x 10° kg = 6.971 x 10° /1000
Load the barge can carry = 697.1 tons

6. A canal lock gate is 20m wide and 10m deep. Calculate the thrust acting on it
assuming that the water in the canal is in level with the top of the gate. Density of
water is 1000 kg/m?.

w = 20m é
n= 10”!'0'“ ~

= 1000 kg/m®

Solution:

Data:

Fihrust = 9.8 X 10, N
7. Atank 4 m lon %
(density 800 kg/ ulate the pressure
base?
Data:
| =4m
w=3m
h=2m
P=?
Fihrust = ?
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Solution:
P = pgh
P =(800) (10) (2) = 16000 Pa
Finust =P XA =P x (I x w)
Fihrust = 16000 X (4x3)
Fihrust = 192000 N

8. Arectangular boat is 4.0 m wide, 8.0 m long, and 3.0 m deep. (a) How much
water will it displace if the top stays 1.0 m above the water? (b) What load will the
boat contain under these conditions if the empty boat weighs 8.60x 10* N in dry

dock?
(Jin Ie“ty of water 9800 N/ms
| =8m
h M N\
h’annEII- \

eight of empty boa

Data:

@v="?
(b) Weight the boat can carry = ?

Solution:
(a)

V=Ixwxh'=8x4x2=64m?
(b)
Buoyant force =V xp x g
Buoyant force = (64) (1000)(9.8) = 6.272 x 10° N

Weight the boat can carry = Buoyant force - Weight of empty boat = 6.272 x
10°-8.60 x 10* =5.412 x 10° N
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9. A hot air balloon has a volume of 2200 m®. The density of air at temperature of
20 °Cis 1.205 kg/m?®. The density of the hot air inside the balloon at a temperature
of 100 °C is 0.946 kg/m>. How much weight can the hot air can lift?

Data:
V =2200 m®
p_cold = 1.205 kg/m?
p_hot = 0.946 kg/m®
W="2?
Solution:
p_hot) x g é
W= (22"“1“200 x 0.946) x Off -
W =558
10. A sphericalfba as aradius of 7.1 -

= BURERT 3

r=7.15m

PHe
Pair = 1.29 kg

Mpalion = 93
mcargo
Wcargo

Solution:

V=2mrl=2m(7.15)° = 1531.111 m°

F = par Vg =(1.29) (1531.111) (9.8) = 1.94 x 10* N = 1.98 x 10* N
Mue = Pre V = (0.179) (1531.111) = 274.1 kg

F= Mcargo 9 + Mpalloon 9 + Mpe g
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1.94 x 10" = Mcargo (9.8) + (930) (9.8) + (274.1) (9.8)
mcargo = 775.5 kg
Weargo = Meargo g = 775.5 x 9.8 = 7.6 x 10°

JOIN
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Unit #7: Fluid Dynamics

Calculate the terminal velocxty ofa ramdrop of radius 0.2 cm. (Densnty of water 1000 kg/m3 and

that of air 1 kg /m?).

Solution:

Step 1:

r=02cm

V=2

Step 2:
_ 2gr? _

w=——lp—0

Step 3:
_2x9.8%(0.2-

insulated, round condult with a diameter of 18
Was this a good assumption? ' 'Al what ve 3*

Solution
Step 1:
Volume

n of air= 0.0181 m Pa.s
air = 1.23 kg/m’

Step 2:
Volume rate = Av

3.84x< 107 = 1 (0.09)
v=0.15m's

R, =
R, = 0.0181x10
| Re = 1835

Since the Reynolds number is 1835 < 2000, the flow is laminar and not turbulent. The
assumption that the flow was laminar is valid.
Step 4:
To find the maximum speed of the air to keep the flow laminar, consider the Reynolds number
2p T

Re = e = 2000

__ 2000{0.0181x10"7)

) 2(1.23)(0.09)
v =016 m/s
Significance:
When transferring a fluid from one point to another, it desirable to limit turbulence. Turbulence
results in wasted energy. as some of the energy intended to move the fluid is dissipated.when—
eddies are formed. In this case, the air conditioning system will become less efficient once the
velocity exceeds 0.16 m/s, since this is the point at which turbulence will begin to occur.
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Water leaves the jet of a horizontal hose at 10 m/s, if the velocity of water within the hose is 0.4
m/s, calculate the pressure P within the hose. (Density of water 1000 kg/m® and atmospheric
pressure is 100000 Pa).

Solution:

Step 1:

Vi=10 m/s

V.= 0.4 m/s

P=2?

Density of water = 1000 kg/m?

Atmospheric Pressure = 100000 Pa

Step 2:

Here hi = hs, so Bernoulli’s equation becomes
+%p V=P + Y% pV2? é

Step 33
100000 + %2 x 1 + %2 x 1000x 0.16
P»=1.5x10% oo
Section (A); le Choice Qu
1. For an incom uid, the flow rate_is
a) equal f S S .
b) consta aREE l[!' \\
HEN
c) greater for the larger parts of

d) non

2. Bernoulli's principlesStates
the pressure and ofgmotion per unit vo

a) increasing
b) decreasing wit d) varying with time

3. Which of the following is associated with the law of conservation of energy in fluids?

a) Archimedes' principle c) Pascal's principle
b) Bernoulli's principle d) equation of
continuity
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4. As the speed of a moving fluid increases, the pressure in the fluid

a) increases

b) remains constant

c) decreases

d) may increase or decrease, depending on the viscosity

5. If the cross-sectional area of a pipe decreases, what happens to the fluid velocity?
a) Increases ¢) Remains the same

b) Decreases
density

6. A sky diver &ﬂclﬂwe air at terminal velocity. dIee Of air resistance on him
is

a) half his weig

b) equal to his \rﬁ n

c) twice his weight N
d) CannthrEErHtle in

EEE
7. Wind speeding up as it blows

d) Depends on the fluid

b) decreases atmosphéri

c) doesn't affect a % pressure there
d) equal's atm iC pressure.

8. A fluid is undergoing "incompressible” flow. This means that:
a) the pressure at a given point cannot change with time

b) the velocity at a given point cannot change with time

c) the velocity must be the same everywhere

d) the pressure must be the same everywhere

e) the density cannot change with time or location
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9. A fluid is undergoing steady flow. Therefore:

a) the velocity of any given molecule of fluid does not change.

b) the pressure does not vary from point to point

c) the velocity at any given point does not vary with time

d) the density does not vary from point to point

10. The equation of continuity for fluid flow can be derived from the conservation of
a) energy c) volume

&

b) mass ) pressure

KEY:
1.b 3.b 2
6.b 7.b 8. e

CRQs: F 0 n

- MORENT X

VeIOC|ty Profile

Mixing

Energy Dissipatio

Friction

2. Would a drinking straw work in space where there is no gravity? Explain.

Ans) In a vacuum environment like space where there is very little or no gravitational
force, the behavior of fluids is quite different compared to what we experience on Earth.
The operation of a drinking straw, which relies on the principle of atmospheric pressure
and gravity, would be altered in such a space environment.

On Earth: When you use a drinking straw on Earth, you create a partial vacuum

inside the straw by sucking on it. This reduces the air pressure inside the straw.
Atmospheric pressure on the outside is then greater than the pressure inside the straw, -,
causing the liquid to be pushed up the straw and into your mouth. Gravity also plays a
role by helping the liquid flow downward.
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In Vacuum: In vacuum, there is no significant gravitational force to cause the liquid to
naturally flow downward. As a result, the liquid wouldn't be pulled up the straw just by
creating a vacuum as you do on Earth. Without the influence of gravity, the liquid
wouldn't flow upwards in the same way it does on Earth, making the traditional use of a
drinking straw ineffective.

3. Why do airplanes take off into wind?

Ans) Airplanes take off into the wind to optimize takeoff performance and safety. This
practice increases airspeed over the wings, enabling the generation of more lift. It
results in shorter takeoff distances, crucial in airports with limited runways. Taking off
into a headwind also enhances control during takeoff and allows for a steeper climb
after becoming airborne. Additionally, it improves the efficiency of the takeoff and
reduces the risk in case of an aborted takeoff. Overall, this approach maximizes the

aircraft's perf afety during this critical phase of fli
4. Describe tJﬁl ity in liquids. '

particle or a dro s when it falls or ris
of gravity. Term occurs when the for o ~
downward is balan he resistance ord

gr \/ €
accelerates an

2. Dependent
depends o

S SRt t
OGityaC
ject and Liquid '=
well as rties of the liquid (denSity i
objects t y have higher terminal velocmes ina glven liquid.

3. Drag Force: The drag force acting on the object in a liquid is determined by
the object's speed (faster objects experience greater drag), its shape
(streamlined shapes reduce drag), and the viscosity of the liquid (more viscous
liquids produce greater drag).

4. Use in Science and Engineering: Understanding terminal velocity is
crucial in fields such as fluid dynamics, sedimentation, and particle separation. It
is often used to determine the settling rate of particles in liquids, which has
applications in water treatment, sedimentology, and the study of fluid behavior.

5. No Acceleration: At terminal velocity, the object is no longer accelerating; it
moves at a constant speed. If the object's properties or the liquid conditions
change, its terminal velocity can change accordingly.

r
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5. Discuss the significance of Reynolds number.

Ans) The Reynolds number (Re) is a dimensionless parameter in fluid dynamics that
plays a critical role in understanding and predicting the behavior of fluid flow. It is named
after the British scientist Osborne Reynolds, who pioneered the study of fluid dynamics
in the late 19th century. The significance of the Reynolds number lies in its ability to
provide insights into the type of flow regime a fluid will exhibit and to predict the
behavior of flow in different situations. Here's why the Reynolds number is significant:

1. Flow Regime Identification: The Reynolds number helps classify fluid flow
into different regimes:

« Laminar Flow (Low Re): At low Reynolds numbers, fluid flows smoothly in
well-defined layers or streamlines with minimal turbulenc %minar flow is
characterj rly, predictable motion. @

« Turbu igh Re): At high
chaotic and unpredictable, with vortices
characteg isorderly motion ano

. Transition (Intermediat

AR
. Flow Predictions: Th'e

behave in different sit

crucial for designing ines, ini

drag forces onsobjects moving throughfl H
e |taidsin asses e pressure drop ¢

channeli. §;\e

e It guides sign of efficient aircraft wings, propellers, and turbines by
indicating whether the flow over these surfaces will be laminar or turbulent.

6. State Bernoulli's principle.

Ans) It states that “the velocity of a fluid is high, the pressure is low, and the velocity is
low, the pressure is high.”
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7. Give two applications of Bernoulli's principle.
Ans) Applications:

1. Filter Pump: In afilter pump, Bernoulli's principle is applied to increase the
pressure of the fluid passing through the pump. By reducing the cross- sectional
area of the pump's outlet, the fluid's velocity increases according to the principle,
leading to a decrease in pressure (as kinetic energy increases). This pressure
drop helps draw fluid into the pump and through the filter medium, facilitating the
filtration process.

JOIN
FOR
MORE!!!

. Venturi Meter: A Vent

uid in a pipe. It con

according to Begnoul i
pressure differen
pipe, the flow r n be determined.

Venturi meter
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8. “Fluid flow is turbulent rather than laminar”, support this statement.

Ans) The statement "Fluid flow is turbulent rather than laminar" can be supported by
several observations and considerations:

1. Reynolds Number: One of the primary factors determining the flow regime
of a fluid is the Reynolds number (Re). When the Reynolds number is high,
typically above a critical value (around 2,000 for flow in a pipe), fluid flow tends
to be turbulent. In many real-world scenarios, such as fast-moving water in
rivers or airflow around aircraft, the Reynolds number is sufficiently high to
induce turbulent flow.

2. Natural Turbulence: Turbulence is a common and natural occurrence in
many fluid systems. For example: In the Earth's atmosphere, turbulence is
prevalent and is a significant factor in aviation, causing jufbulence during flights.

3. Practical Ications: Many engineering systems
proce turbulent flow regimes due tohei
mixing ‘eapabilities."Examples include:

e Industrial mixing processes, whe
c I d ingredients.

o J and gas turbines,

[ t in turbulent flows

re ' |
o _\Water tre al Age .S iirks
iStributio lemica aﬂp . ant!
4, LM@&& nL\Xb ratefy sefti S, i€ garc
‘ L1

turbulence deliberately to @n\ effe 0

velocities or introducing«wbstac inta

3 oW and.p julence.
5. Common Experienge: In everyday

scenarios liketh
eddies in :
experience strate the prevalence @

9. Discuss importance of Stokes law.

Ans)

1. Terminal Velocity: By setting the net force (the drag force minus the
gravitational force) equal to zero, you can determine the terminal velocity of a
sphere falling or rising through a fluid.

2. Size of Sphere: If you know the terminal velocity and the other parameters,
you can rearrange Stokes's law to solve for the radius of the sphere.

3. Density of Sphere or Liquid: If you have information about the other
parameters (such as the terminal velocity and the size of the sphere), Stokes
law can be rearranged to solve for the density of either the sphere or the liquid,
depending on which property is unknown.
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4. Viscosity of the Fluid: Stokes's law can also be used to determine the
viscosity (n) of the fluid if you have information about the size and density of the
sphere, the terminal velocity, and the other constants. Rearranging the formula
can provide an estimate of the fluid's viscosity.

10. Justify spin of ball in Bernoulli's principle.

Ans) The spin of a ball in flight, often seen in sports like baseball and soccer, is justified
by the Magnus effect. This effect arises due to the interaction between the spinning ball
and the fluid it moves through, adhering to Bernoulli's principle. When a ball spins, it
creates a pressure difference on its sides because of the relative airflow caused by
rotation. This pressure difference generates a sideways force that makes the ball's path
curve. The amount of curve depends on factors like the spin rate@ocity, and fluid

properties. @
ERQ's:
1. Derive equation of continuity. Also sho

Equation of Y: Suppose a steal

enclosed tube (ﬁpe as shown in flguge thie :

of the tub
defined a

Am
mass flow rate = ~

In figure shown

The volume of a fluid passing through area A; in a time At is A;Al;, where Al; is the
distance the fluid moves in time At. The velocity of fluid passing through A; is V; =
Al;/At. Then the mass flow rate:

Amy _ paAVy _ p1AiAL _
At At At
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Where AV, = A; Al is the volume of mass Am. Similarly, through A,, the flow rate is
p2A.v2. Since no fluid flows in or out the sides of the tube, the flow rates through A; and
A2 must be equal.

Am; _ Am,

At At

and
prA1Vi=p2A2V2
This is called the equation of continuity.

If the fluid is incompressible which is an excellent approximation for liquids under most
circumstances, then p; = p», the equation of continuity is

Physical SIJ The equation of gbn |nU|

significance in fluid dynamics:

1. Consefﬂ:ﬂ Mass: It ensure
In other otal mass of fluie

. Strean
streamline withi
abrupt cha

2. Derive Bernoulli's equation.

Ans) Bernoulli's equation can be derived from the first principle using the law of
conservation of energy. According to energy conservation principles, energy can neither
be created nor destroyed. Therefore, during streamline flow, the total mechanical
energy remains constant. A few assumptions need to be made before deriving the
equation
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Assumptions:

e The flow must be steady and streamline.

e The fluid is incompressible the density should remain constant at all points during
the flow.

e There are no viscous forces in the fluid, and friction is negligible.

Consider a pipe whose diameter and elevation change as a fluid passes through it.
Consider a small mass of the fluid with density p that flows from point 1 to 2 as shown in
figure below. The work done by a force F on the fluid to displace it by an infinitesimal
distance Ax is given by,

W = FAx

Therefore, at points 1 and 2, the work done are, é
Total work don theafluid moves 1 to 2 i
AW =

or, AW

Force is tMoﬂ: ;Eg'._'e'and
(F = pA), and the volume'is

.
€ pro

herefore,

AW #p,A, =
Now, when t d moves from point 1jto
AK.E = = WgvIW’ myvZ = ~pavv

imilarly, the change in potential energy is given by,
AU = mgh, - mgh; = pAVg(h; - h,)
The work done in moving the fluid is the sum of the change in kinetic and potential energies.
AW = AK.E + AU

1
or, (py - p2)AV = 5 pAV(vZ - vi) + pAVg(h, - hy)

1
Or,p1- Pz =3 p(vi - vi) + pg(hz - hy)
1 1
p1+ 5 pvi +pghy =p; + 7 pvi+ pghy
1
orp + > pV? + pgh = constant

This is Bernoulli's equation.

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

3. Discuss viscous force in fluids.
Ans) Here are some key points regarding viscous force:

1. Origin of Viscous Force: Viscous force is primarily the result of interactions
between adjacent layers of fluid molecules or particles. As one layer of fluid
moves relative to another, these interactions create a resistance force that
opposes the motion.

2. Dependence on Velocity Gradient: Viscous force is directly proportional
to the velocity gradient (du/dy), which represents the rate of change of velocity
with respect to distance perpendicular to the direction of flow. The greater the
velocity gradient, the higher the viscous force.

3. Types of Viscous Forces:
. Steady -State Viscous Force: This occurs r@an object moves at

city through a fluid. In this casej iscous force opposes
t is equal in magni posite-in directi

. le Vlscous Force:
m gh a fluid. Initially,
deg€re the object reaches

alrcraft
In fluid flow th

(dominated by viscous forces) or turbulent (dominated by inertial forces).
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4. Define fluid dynamics and explain its significance in the study of fluids. How
does it differ from fluid statics?

Ans) Fluid dynamics: Itis the branch of applied science that is concerned with the
movement of liquids and gases.

Significance in the study of fluids:

1. Description of Fluid Behavior:

. Flow Patterns: Fluid dynamics explores the different flow patterns that
fluids can exhibit, including laminar flow (smooth and orderly), turbulent flow
(chaotic and irregular), and transitional flow (a combination of laminar and

turbulent).
. Boundary Layers: It examines the formation andﬁrties of boundary

layers in regions near solid surfaces e fluid's velocity and
prop significantly. ‘
e Flui S: It considers the effee of

viscosit nS|t and compressibilit
2. Mathenﬁ [

including

leference [eEweerﬁuuT(T
e Fluid dynamics/deals ids i (!i
acceleratio ugbulence. It appliesitasituatia

y

aerodynam drodynamics.
e Fluid st ontrast, deals with fluids at rest or in equilibrium, focusing on

parameters\like pressure, density, and buoyancy. It is applied to scenarios like
submerged objects and pressure calculations in sealed systems.

5. Discuss the concept of Reynolds number and its significance in fluid
dynamics. Explain how Reynolds number relates to the transition between
laminar and turbulent flow.

Ans) Reynolds number: The Reynolds number is the ratio of inertial forces to
viscous forces within a fluid that is subjected to relative internal movement due to
different fluid velocities

Mathematically;
Re=(p*V*L)/p
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Where:
e Re is the Reynolds number.
e pis the density of the fluid.
e Vs the characteristic velocity of the fluid (usually the velocity of the flow).

o L is the characteristic length (typically a linear dimension of the flow channel,
such as the diameter of a pipe).

e M is the dynamic viscosity of the fluid.

dynamics for several reasons

1. Flow R diction: It predicts the flow re
laminar [ r turbulent. '

2. Design and Optimization: Engin

and optini i stems and compo
appropri shape of pipes, chia
cost-effeétiv ansport with minime

3. Flow Stability: The Reynolds nup

EEM;(&[JE/&“! the fI6

. Heat Transfer: Inh

Significance in fluid dynamics: The Reynolds number is %ificant in fluid

a fluid, whether it is

aerody ydrodynamics, and environmental sciences.
6. Drag andhLift Prediction: In aerodynamics, the Reynolds number helps

predict the behavior of objects moving through a fluid. It is crucial for

understanding drag forces on vehicles and lift forces on aircratft.

' ' flow c* iGieney"oftheat

exchangers and’coolin : - n

5. Fluid Be @‘\ is: ehiistS usetmﬁ -----
numbe@ d model fluid behavior in vat pplications, ding

Transition between laminar and turbulent flow: The Reynolds number
(Re) is a dimensionless parameter that determines whether fluid flow will be laminar,
transitional, or turbulent. At low Reynolds numbers (Re < 2,000), viscous forces
dominate, leading to smooth, predictable laminar flow. In the transitional range

(2,000 < Re < 4,000), flow changes from laminar to turbulent. High Reynolds

numbers (Re > 4,000) signify dominant inertial forces, resulting in chaotic, turbulent
flow. —
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Numericals:

1. Two spherical raindrops of equal size are falling through air at a velocity of 0.08
m/s. If the drops join together forming a large spherical drop, what will be the new
terminal velocity?

Data:
Velocity of small drops = 0.08 m/s
Velocity of big drop = ?

Solution:

Terminal velocity is directly proportional to the square of the ra@f the spherical

body.
Slnce mass 'SJmud density remain

Thus, volume o p = 2 times the vol

directly proportigha e of radius, this i
times the radius of each small drop.

I?Z;iTLMﬂ BzE;!;ib

2. Caleulate the VISCOUS d
at this te : : S
kg/m?).
Data:
F=? @
r=0.1 mm=—==0.0001 m
1000
n=1.8x10° Pa.s
p = 850 kg/m3
Solution:

V=21’ x (p=po) X 9/9N
v=2(0.0001)? x (850-0) x 9.8/9(1.8x10™)

v=1.03m/s
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F=61nrv
F= 611(1.8x107°)(0.0001)(1.03)
F=3.495x 10® N

3. What area must a heating duct have if air moving 3.0 m/s along it can replenish
the air every 15 minutes in a room of volume 300m®. Assume air density remains
constant.

Data:
A=7?
Av= 3.0m/s

At = 15ﬂor“o =900s
V =30

Solution:
At

30

A m

r circulates throug

is pum
under a pressure of
diameter pipe on th€ s
into branches.

Data:

v1=0.50 m/s

di=40cm=—=0.04m
100

p1 = 3.0 atm = 3 x 10° Pa
Vo =7
P2 =7
d>=2.6 cm=—==0.026m
h,=5m
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Solution:

A, = g X di? = g x (0.04)? = 1.26 x 10> m?

A, = g X dp? = g x (0.026)* = 5.3 x 10 m?
Since flow rate is same
A1vi = Axvy
(1.26 x 10®) (0.5) = (5.3 x 10 v,
vo=1.2m/s
p1+ ¥ p vi® + pghy = p2 + % p Vo° + pghs

3x 10° + 1/2J )Iﬂ)2 + (1000) (9.8) (0) = pz + ¥ (L000Y¥.2)2 + (1000) (9.8) (5)
P, = 250405 Pa = ——20 = 2 5 gtm
100000

5. What is the \E e of flow of water [ir¢
pressure head

Data:

=7
Solution: @

A= g X @<= .01852=2.7 x 10* m?

v=,/2gh = \/2(9.8)(12) = 15.34 m/s

AV
—=Av
At

AV

= 27x 10™) (15.34) = 4.142 x 102 m¥/s
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6. The stream of water emerging from a faucet 'neck down' as it falls. The cross-
sectional area is 1.2 cm2and 0.35 cm?. The two levels are separated by a vertical
distance of 45 mm as shown in figure. At what rate does water flow from the tap?

Data: é
0= 12&0]5“ 0.00012 m? |

A = 0.35 ¢cm?® = 0,000035 m?

h =45 mF:ﬂ#.MS m

AV
t

=2
AM“HE"' \
Solution EEm

p1+ % p Vi
Patm + V2 )=patm+1/29V02+

Since flow rate ist'same

AoVo = AV
Aovo =v
A

Yap (F22 = %ip o+ pgh
2 (1000) (La2Ye)2 = 44 (1000) v,? + (1000) (9.8) (0.045)

5877.551 V2 = 500 v,2 + 441

Vo =0.29 m/s
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AV

A Ao Vo

% =(0.00012) (0.29) = 3.48 x 10° m®s = 3.48 x 10° x 1x10° = 34.8 cm?/s

A
7. Water leaves the jet of a horizontal hose at 10 m/s. If the velocity of water within
the hose is 0.40 m/s, calculate the pressure within the hose. Density of water is
1000 kg/m? and atmospheric pressure is 100000 Pa.

Data:
v, =10 m/s
vi = 0.40 m/s
&
BB ~
p = 1000 kg/m®
Solution:

Assuming both points are at the same leve

~"MORE!!!
P1 = R V2

+ 5 (1000) (0.4)?

p1=15X

8. What is the maxi
horizontally, is t
and that the | r

elagity of the air over
face 140 m/s? Densit

Data:
A =50 m?
vi = 140 m/s
v, =150 m/s
p =1.29 kg/m?
w=7?
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Solution:

There is no too much difference between the points therefore we are going to neglect
heights

hi=h;=0
pL+ % pvi®+pghy = p2 + % p v2° + pgh,
p1+ Y2 pvi® +pg(0) = po + Y2 p vo© + pg(0)
prt+Yepvi®=p2+ Yap Vo
PL-P2=Ap=Yap Vo’ -Yapvi®

Ap =Y p Vo2 - Vo p vi? é

Ap =" - 15 (1.29) (140)% = 1870.5 Pa =

9. Aliquid flo a pipe with a diamete
What is the ratéo L/min?
Data:

EEE

v=4.20 m/s

At

Solution:

A=Zxd*=0%(0%)? = 0.196 m?
4

AV
—=Av=

= 196) (4.20) = 0.8232 m®/s

% = 0.8232 x 1000 x 60 = 49392 L/min
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10. Calculate the average speed of blood flow in the magor arteries of the body,
which have a total cross-sectional area of about 2.1 cm*. Use the data of example.

(Take 3 = 28.56 cm?/s)
Data:
A=21cm?
AY — 28.56 cm®/s
At
v =?

Solution:

AV _
E = Av
28.56
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Unit #8: Electric Fields

The electron and prton of a drogen atom (figure A) are separated by approximately

5.3 X 107" m. Find the magnitudes of (a) the electric force and (b)

the gravitational force between the two particles. (¢) What is your

conclusion about these forces.

Solution:

Step:1 Write down the known quantities and quantities to be found.

r=53 X 100" m

(a)  Chargeon electron=qe = -1.602 x 107%C, Figure A
Charge on proton—q =1.602 x 1072°C,

mz/ c?
Electr
(b) Mass =9.109 x 1073

Mass of proton = m,, = 1.672 x 107%7
where G 0'11 N m?/kg?,
Gravitat

! ¢

(a) For el
(b) For i
Stgp:3 Put the values in formu

(@) = -
where negative sign fdigat
is 8.2 x 1078N.
4 2 2 9.109x 10~3! Kyere
(b) Fy = 6.67 N m*/kg (5.3 x 10~11 m)?
F, =36x10"*N

Hence, the gravitational force of attraction between the particles is 3.6 X 10~ N
(¢) Conclusion:

The gravitational force between electron and proton is negligible as compared to the electric
force, which implies that electric force is strong force.
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- Worked Example 8.2
Two positive charge of equal magnitude are placed of in vacuum at distance of 50cm and repel
each other with the electric force of 0.IN. (a) Find the value of the charge. (b) Calculate the
force between these two charges if they are places in an insulating liquid whose permittivity is
five times that of a vacuum.
Solution:
Step:1 Write down the known quantities and quantities to be found.
r=0.5m
F =0.1N
€ =5g

@) g, =g, =q=?

(b) e liquid =?
Step:2 Write down the formula and rearrange 1f necessary.
(@) F = k22 2 = X

" k
s g
(b) F”‘?“M = amz rz = Sxdmey 12

Step:3 Put the ula and calculate

@) g? = uleusj

-”Wlilnf!!! N

(b) Fiqu
ce, the rnagmtude of electrjc
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Three charges gq; = +2 uC, g, = +3 uC, and g5 = +4 uC are placed in air at the vertices of
an cquilateral triangle of sides /0 em (sce figure). Calculate the magnitude of the resultant
force acting on the charge g7

Solution:
Step: | Write down the known quantities and gquantities to be found
G, = +2 uC, g2 =+4uC, r=0.1mand 8 = 60°
Magnitude of th acting on charge gz = F,m,,
Step:2 Write la and mnangz. i yoeeesy

| Force between the © q:and qs £} =k-’—1

‘ Fomc between and g3 Fz k%
Now resolving i
components ():F

Similarly, the forc§
The resultant foree.
F = (7.2)? + (10.8)% + 2(7.2)(10.8){(sin 60° )? — (cos 607)?}

F = 1569 N
Hence, the magnitude of the resultant force acting on the charge g3 is 15.69N,
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Find the intensity of electric field at a point such that a proton placed at it would experience a
force equal to its weight.

Solution:

Step:1 Write down the known quantities and quantities to be found.

Mass of proton = m,, = 1.672 x 10™*"kg,

Charge on proton=q, = 1.602 x 107*?C and g = 9.8 ™/ <2
Step:2 Write down the formula and rearrange if necessary.

—

qp
as the electric force equal to its weigh, i.e. F =W =mg, ?E

E
dp
Step:3 Put the la and calculate.
(1.672 x 107%

.

filed shown in figure A).
his test charge is repla€t
on an cree |

Solution:

Step:1 Write down t wh quantities and qu.
F=70mN =70 103N, q,=3.5uC =
Charge on el = 1.602 x 1071°C

(a) E =?

(b) F=

Step:2 Write down the formula and rearrange if necessary.
F
Step:3 Put the values in formula and calculate.

-3
@) E = %: 2.0 x 10* N/C

(b) F=2.0 x10* N/C % 1.602 x 107'°C

F = 3.204 x 10°15N

The magnitude of the force experienced by an electron is 3.204 x 10~ '5N.
The direction of the force on an electron is directly upwards because field lines is directly

downwards and the charge on an electron is negative.
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Calculate the electric field mtensny at point P of two posmve charges of same magnitude
which are separated by small distance “d" as given in figure.
Solution:
Resolving the field vectors into the components. From figure, it clear that the horizontal
components cancel each other. Therefore, the net electric is due to the vector sum of the
vertical components. E E

Eiotar = E sinB + Esinf

Etotat = 2E sin@

where siné = Z and using equation (8.7), we get
1)

2 y

4;:82,; 5 ’ E cosf

&g F

E sin@

E=2X

wherer =

An alpha partic ) in a nuclear accelerator moves from one terminal at the potential of
6.5 X 10° V to her terminal at zero potential. What is the corresponding change in the
potential energy of the system?
Solution:
Step:1 Write down the known quantities and quantities to be found.
Charge on alpha particle ¢ = 2e=2 X 1. 6 s et
The electric potential at one terminal =V;= 6.5 X 10° V'
The electric potential at other terminal Vz— oV
AU =?

} Step:2 Write down the formula and rearrange if necessary.

Uz

From equation (8.11), we have V; = %, V, = =

Therefore, the change in potential energy
AU = q(V, — V)
Step:3 Put the values in formula and calculate.
AU=2 x1.6x107*°Cc(0— 6.5 x 10°V)

AT — _ 21 ~»1an—127

Hence, the potential energy of the system is 2.1 x 10712,
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s
An electron is placed in an xy plane where the electric potential depends on x and y as shown
in figure. The scale of the vertical axis is set by one square box equal to 500V. Find the
electric field (both cases) actmg on the electron between two points as shown in the graph?

0.0

-0.5 4

s T T 1| GmM r,—r
2 1

- *(r, -1,) = GmM,
| . R #7

-2.54 .
3.04-
0.0 0. o4 0.5 076

Solution:
Step:1 Write dfﬂ‘ﬁn quantities and quaht
From the graph en ﬁgure

LE
From the EEE

Step:2 Write down thgfogmula®nd rearrange if Bedes
Ex=—7 and E,

Step:3 Put the irtformula and calculate.
- (22N _ 500w
A _( 0.2m ) = &
Similarly, from the graph (b)
B AV 500V 12s0Y
y=~2 = ~(Gam) = ~1250V/m

Hence, the value of electric field acting on the electron in both cases are 2500 V/m and
-1250 V/m.
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For what value of change in electric potential to remove the six electrons from the carbon atom
if the change in potential energy is 120 keV.

Solution:

Step:1 Write down the known quantities and quantities to be found.

g=6e=6 x16 X 1071°C

AU =120 keV = 120 x 1.6 X 1077 kV

Step:2 Write down the formula and rearrange if necessary.

AU
AV = —
q

Step:3 Put the values in formula and calculate.
AV = 120 X 1.6 X 107 kV
~ 6 x1.6 x 1071°C
AV =20 kV
Hence, the val electric potential isg2é '
Section (A); igle Choice Qu
1. A 2uC point charge'is I8cated a distance,"0
ratio of F1o/F21?

*
(a) 1/3
o= NOREN! NN

inimum charge on not be

(a) 1.6 x10*° C
(c) 9.1 x 10°

3. Two chargessare ed at a certain distance®
doubled the forc become

(a) 1/4th of its original value (b) 4 times of its
original value

(c) 1/8th of its original value (d) 8 times of its
original value

4. Which of the following can be deflected while moving in the electric field?
(a) neutron (b) photon

(c) electron (d) (a) and (b)
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5. The flux through a flat surface of area “A” in a uniform electric field "E" is maximum
when the surface area is

(a) Parallel to E (b) perpendicular to
E
(c) placed 45° to E (d) placed 60° to E

6. The product of charge "q" and small separation "d" between two charges of same
magnitude and opposite in nature is known as:

(a) Electric dipole (b) Moment arm

(c) Electric dipole moment (d) Flux of electric field

7.12 J of work is to_be against an existence electric field
C from one-poin “er point B. The potential differe
(a) 120 V ‘

(c)1.2V f
8. The force betwe harges placed in 8

relative permittivity €, then force is reduced to

o~ MORE!!!
HEN

(c) &lF

a charge of 0.01
eenBand A is

ative gradient of

(a) potential energy
(c) electric field in n@

10. The electri ugh a plane area will b€

held at angle of with electric field.

(a) 30° (b) 60°
(c) 45° (d) electric flux
KEY:

l.c 2.a 3.b 4.d 5.a
6.a 7.b 8.b 9.c 10. b
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Section (B): Structured Questions
CRQs:

1. Why do most objects tend to contain nearly equal numbers of positive and
negative charges?

Ans) Obijects tend to contain roughly equal numbers of positive and negative charges
due to the conservation of charge and the electrostatic forces between charged
particles. This electrical neutrality is a result of protons and electrons in atoms. Objects
aim to maintain this balance because it minimizes the creation of strong electric fields
and prevents disruptive electrical interference. When objects gain excess positive or
negative charges, they can redistribute them through contact or ingduction until neutrality
is restored. This principle of charge conservation ensures that tal charge in a

closed system r tant. Overall, maintaining nearl ositive and
negative char i | for stable electrical behavior our. surroundings.
2. When measuring an electric field, could USE “

positive test ¢ r } ﬂ

Ans) When measu electric field, it's e t!b !) !

charge instead of a positive one. Both p05|t egal

employe
a force in

o RS

Employing both types of test cha

i t@ H tlve '

3. During fair w
downward. Is Earth ge

e electric field neé
indicating that is negatively charged
electric field sig that a positive test charge placed at the Earth S surface would
experience a downward force. The Earth's surface is often considered to be at a
potential of zero in electrostatics, and any charge in its vicinity affects the electric field.

Ans) During fair

4. How the electric flux through a closed surface is independent on the size or
shape of the surface enclosed the charge.

Ans) The electric flux through a closed surface, as described by Gauss's Law, is
entirely independent of the size or shape of the enclosing surface. It depends solely on
the total electric charge enclosed within that surface. The law states that electric flux
(®e) equals the enclosed charge (Qenc) divided by the electric constant (g,), with no
regard for the geometry of the surface. This principle holds true for surfaces of varying
shapes or sizes, as long as they are closed. In essence, the law emphasizes that the
charge within the closed surface dictates the electric flux, making it a powerful tool in
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analyzing electric fields in various contexts, especially those with symmetric field
distributions.

5. What is electric dipole and electric dipole moment?

Ans) Electric dipole: Electric dipole is a simple system in electromagnetism consisting
of two opposite electric charges of equal magnitude, separated by a small distance d.

Electric dipole moment: The electric dipole moment is the product of the magnitude of
the charge and the distance between the centres of positive and negative charges.

p=Qxr

Ans) When a le moves along al's
significantly affected by the field's direction and

positively charg rates in the same ire
negatively charged accelerates in thejor
ati @ €

force and accel ends on the cha

A stronger electric field igher char

essence, lectri j af

the partic the'strai '
HEN

Here, Q is charge and r is the distance.
6. A charged particle i en to be moving in an electric fi@ng a straight line.
How it effectsﬂ ﬂwotion of the particle?

r e i©lClypi ,

K.E (in eV)
Solution:
K.E = ¥ mV?

Since, m=9.11 X 103! kg
K.E = % mv?
K.E = % (9.11 X 10°%) (10°)?
K.E = 4.555x10™° J
K.E = 4.555x10*° x 6.242x10"®
K.E=2.84eV
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ERQs:

1. Define electric charge. Discuss the fundamental properties of electric charge,
including the principles of conservation of charge and quantization of charge.

Ans) Electric charge: Electric charge can be defined as a fundamental property of
subatomic particles that gives rise to the phenomenon of experiencing force in the
presence of electric and magnetic fields.

Fundamental properties of electric charge: There are several fundamental properties of
electric charge, including the principles of conservation of charge and quantization of
charge:

1. Conservation of Charge: The principle of conservati

the total ' e in a closed system remains
words, el cannot be created or destroy
from o t other.

2. Quantization of Charge: r-\‘

o EIgGtr e is quantized, meaning S
T}fsﬂljﬁunit of electric chafge w.'r.i, hafge
roton, which are<eg u . DRRISIte in.sig
E i :&H

Lo
The charge of an electron is AP[O i

o Mathematlcally t

of charge states that
ver time. In other
only be transferred

interactionsy such as those in electrical circuits or between charged particles, the
total charge before and after the interaction remains the same. This conservation
of charge ensures that electrical circuits remain balanced and that charge is
neither created nor lost during interactions.

5. Charge Transfer and Redistribution: Objects can acquire electric charge
through various processes, including friction, conduction, and induction. During
these processes, electrons can be transferred from one object to another,

leading to changes in the charge distribution and resulting in electrical

phenomena.
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2. State and explain Coulombs law. Apply it to calculate the electric field due to
an isolated point charge.

Coulombs law:

Statement: The magnitude of the electrostatic force of attraction or repulsion between
two point charges is directly proportional to the product of the magnitudes of charges
and inversely proportional to the square of the distance between them.

Explanation: The illustration for two charges (q:,0.) and separation (r) between the
charges is shown in figure below.

* Tr ¥ E
The electrostadf(”elairectly proportional tesiiesg ] ¢ gNi
charges g; and d inversely proportional ffo |URI€ i
the charges ancr 0

F0<q1q

amey’

F =

41ty 12

Electric field due to an isolated point charge: Consider a test charge q, is
placed at a point of an electric field of source charge "+q" in presence of air of free

space between them. Also suppose that the distance between +q and g, is “r’ as shown
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According to the Coulomb’s law

1
F= q192

" ame, 12
Where q; =g and g2 = qo

1 990
4mE, 12

Therefore, F=

F 1
or —= d

Qo 4Teg r?

From definition of intensity

E = i &
) %,
4T |
3. Define electric flux and explain its signif §
electromagnetanioes it relate to el
Ans) Electric flu total number of e
unit time is defined as the electric flux.

SignificMaﬂElli' lf e
importan isnm =

Measuring Electrj
e RPN

electric field lines pass ifice
characterizingéelectric field distributions
2. Gauss's NEléctric flux is a key @b

fundam well's equations that d ctromag : av
relates th tric flux through a closed surface to the charge enclosed within

that surface. It provides a convenient way to calculate electric fields in symmetric
situations, simplifying complex problems.

3. Charge Distribution Analysis: Electric flux aids in analyzing charge
distributions. By considering the electric flux through surfaces surrounding
charged objects or distributions, you can determine the total charge enclosed
within those surfaces. This is particularly useful in understanding the behavior of
conductors and insulators.

4. Applications in Engineering: Electric flux calculations have practical
applications in engineering, such as designing electrical circuits, antennas, and
other electronic devices. Engineers use electric flux to optimize the performance~
of these systems by ensuring the proper distribution of electric fields.
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5. Electrostatic Shielding: Electric flux analysis is instrumental in
understanding and designing electrostatic shields, such as Faraday cages.

Relates to electric fields and charged particles: Electric flux is a measure of the flow
of electric field lines through a specified area or surface. It quantifies the strength and
direction of electric fields, with denser field lines indicating a stronger field. It plays a
crucial role in relating electric fields and charged particles, especially through Gauss's
Law, which links electric flux to the total charge enclosed by a closed surface. Electric
flux helps visualize and analyze electric field behavior around charged objects, aiding in
the design of electrical systems and understanding the properties of conductors and
insulators in electromagnetism.

4. What is electric potential? Drive expression for potential due to an isolated
point charge.

Ans) Electric i@l Electric potential is defined as,the
to move a unit reference point t@ yslelisl

Derivation of ion for potentig
Consider two p B in a straight line jat
isolated point char shown in the figurg

In order to detérmi e electric potential at B, a test charge g, Is moved from A to B.
For this purpose seme work has to be performed on g,. Since electric intensity does not
remain constant through A to B, so we divide the whole distance into a large number of
small and equal distances rq,rz, ------ rn, such that electric field which is the geometric
mean over any surface assumed to be constant at all surfaces.

First, we determine the work done in moving charge g, from point A to point 1

AW = Fd cos6
Here, F =qoE

d=Ar

® =180°
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AW a_1 = QoEAr cos180°
AW a1 = -qoEAr
AWa_,1/q0 = -EAr

Since, AWa_,1/qo = AV a1
AVp_1=-EAr

Electric field intensity due to an isolated point charge is given by

E=2d

r2

AVA_,1 — . Kq (rA_rl)

Where r’ is th#ﬂal N 0o When moved from

AVaog=-Kq (-7 -KQ (- 7) - oo -Kq (- )

AVAQB—-KQ(E-—+—-—+ -------------- +—-—)

r rp rg IN
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1
AVa-g=-Kg (- )
Ve -Va=-Ka (-1

5. Define an electric dipole. Derive formula for the electric field due to an electric
dipole at a point "P" placed on its axial line.

Ans) Electric dipole: Electric dipole is a simple system in electromagnetism
consisting of two opposite electric charges of equal magnitude, separated by a small
distance d.

Electric field due to an electric dipole at a point on its axial line: AB is
an electric dipole of two point charges —q and +q separated by small distance 2d. P is a

point along the f the dipole at a distance r from the int O of the electric
dipole. J I
The electric field'a P due to +q placgdgainBuis ‘

1

4“8°(Fﬂ n (along BP)
The electric field at -

E>

(o]

(along BP)

q 4rd

pr, [m] (along B P)

If the point P is far away from the dipole, then d «< r

q 4rd
4Te, 14

q 4d
4Tgy 13
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Since, Electric dipole moment p=q x 2d

E=— 2 along BP

4me, 13

A OB E, p E
LN I TN E LR TRN R
—-q +q X axis
2>
[ r |

Electric field at a Point on the axial line
Numericals ﬂlu é
1. (a) Calcula f two equal charg
force of 0.1 N when situated 50 cm apart i

er wi
fﬁ’!uw
(b) What wo size of the charg I.Jw’ [ ating
liquid whose p was ten times theé
Data: .

or- MOREL.

(b).q =2, € = 10,

Solutio

(@) @
F=kak
0.1= 8.98£( 10°x L
q=1.7 uC

(b)
F=k22

-1 @9 _ 1 d
4me 12 41(10g,) r2

F=lx—x a

10~ 4me,  r?
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1
F==—xkx¥
10 r

0.1=-x8.988x 10° x -
10 (0.5)

q' = 5.3 uC

2. How far apart must two protons be if the magnitude of the electrostatic force
acting on either one due to the other is equal to the magnitude of the gravitational
force on a proton at Earth's surface? (mass of proton = 1. 67 x 10%’ kg, charge of
proton = 1.6 x 10™*° C)

r="72

- 0IN

q=1.6x10

m = 1. 6Fﬂ7n
Solution:

Data:

3. An electron of ¢ 1.6 x 10° Cis sit
intensity 1200-v \
to travel 2 cmro

st (electronic mass,
Data:

q=16x10"C

E = 1200-volt cm™ = 120000 V/m

F=2
a="?
t="

s=2cm =0.02m
Vi= 0
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m=9.1x 103 kg
Solution:
E==
q

F
1.6x10719

120000 =

F=192x10"N
F=ma
1.92x10 = (9.1 x 10*Y) a

- 2-1ﬁ(§mi82“ é

S = vt

0.02 = (0) t + % (2.11x10%°) t?

t= 1.37fﬂﬂm
4. An alpha particle™(t ucleus of a he
and ach of 2e re the (a) magni
field thatm) iri ati
Data: e

=6.64 X 102" kg

q =

(b) Direetion
Solution:
(a)

Fy=mg = (6.64 X 10'%') (9.8)
Fy = 6.5x10?° N

E=-t
q

_ 6.5x10726
3.2x10719

E =2.03x107 N/C
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(b)

Since the force of gravity is downward, then the force due to the electric field
must point upward. Since g > 0 in this situation, this implies the electric field must itself
point upward.

5. A proton and an electron form two corners of an equilateral triangle of side
length 2.0X 10® m. What is the magnitude of the net electric field these two
particles produce at the third corner?

Data:
r=2.0X10°%m

é
Solution: ngn
From the figure®be e that, ‘

Ee=Ep
We note that thmtﬂnts along the y axis
6=60°, th(ﬁﬁde of the net electri figlt

/’ E.-
/
/ \
s \
‘6 b
> ————————— e
proton electron
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6. Figure shows two charged particles on an x axis: -q=-3.20X10™° C at x = -3.00 m
and q = 3.2 x 10" * C at x = 3.00 m. What are the (a) magnitude and (b) direction
(relative to the positive direction of the x axis) of the net electric field produced at
point Paty =4.00 m?

y

Ly

Data:

-2} Q| N

Xx=-3.00m

2O

r=+/32 442 =5m

We note that the components along the y axis cancel during the vector summation. With

6=53.13° the magnitude of the net electric field is obtained as follows:

Enet = Ex = 2E cosB =2 ( 2) cosB
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3.2x10~19

An(8.854x10-15)(5)2 c0s53.13° = 1.38 x 1071° N/C

Enet =2 X

The net electric field points in the -x direction

length 5 um. What s, the,magnitude of the
produce at the iﬂ er?

Data:

So

Ee=Ep=

We note that t
6=60°, the magn

nents along the y axis cancel during the vector summation. With
of the net electric field is obtained as follows:

Enet = Ex = 2Ec cosB = 2 ) cosO

e
(4-1'[801'2

1.6x10~19

Enet =2 x @85 I10-2) B X 10-2 X c0s60 =57.52 N/C

—-
proton electron
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8. The square surface shown in figure measures 3.2 mm on each side. It is
immersed in a uniform electric field with magnitude E=1800 N/C and with field
lines at an angle of e 35° with a normal to the surface, as shown. Take that normal
to be directed "outward," as though the surface were one face of a box. Calculate
the electric flux through the surface.

Normal

o ll 0 I “

| =3.2mm =0.0032 m

=35°
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9. An electron is liberated from the lower of two large parallel metal plates
separated by a distance h =2cm. The upper plate has a potential of 2400 volts
relative to the lower. How long does the electron take to reach it?

Data:
h=2cm=0.02m
V =2400 V
Solution:

S = vit + ¥ at?

Since, v; =

ailm N
Vv
E=y
-~ HIOREM
HEN
=

Put

Put in equation (1

1 (2400)(1.6x1071%) {2
(0.02)(9.11x10~ 31)

0.02 =

t=1.4x10°s
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10. Two large parallel metal plates are 1.5 cm apart and have charges of equal
magnitudes but opposite signs on their facing surfaces. Take the potential of the
negative plate to be zero. If the potential halfway between the plates is then 5.0 V,
what is the electric field in the region between the plates?

Data:
2d=1.5cm
d=0.75cm =0.0075m
V=50V
E=?

Solution:

_Vv

E=3 Jﬂl“

Ezf!F5 ﬁnzwm
0.007

MUHE---
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Unit #9: Capacitors

SRS £
A parallel plate capacitor consists of two plates with an area of 0.01 m? each, separated by a
distance of 0.002 m. The capacitor is filled with a dielectric material having a relative
permittivity (er) of 4. Calculate the capacitance of this capacitor.
Solution:

Step 1: Formula:

C = eg6A/d
where:

C is the capacitance,
€, is the vacuu ittiviky constant (approximately 8.854 /m),
€, is the relam (given as 4), o~

Ais the area 01 m?), -
.00 % ‘ g
(il kg
I i m g .

d is the separation distance between the plate
]
‘r *Ri ] / (0RO 2

Step 2:
Now, substitut alues into the for
o

C = (8.854x 10712 F/m)/%}
MOREiL..»
HEN

So, itance of th

Section (A): M@e '

1. The capacitanc apacitor is NOT influe

(a) Plate thickne (b) Plate area

(c) Plate separation (d) Nature of the dielectric

2. What is the value of capacitance of a capacitor which has a voltage of 4V and has
16C of charge?

(a) 2F (b) 4F
(c) 6F (d) 8F
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3. Capacitors are used in electric power supply system to:
(a) Improve power factor (b) Reduce line current
(c) Provide voltage stability (d) switching

4. In a variable capacitor, capacitance can be varied by:

(a) Turning the rotatable plates in or out (b) Changing the plates
(c) Sliding the rotatable plates (d) Changing the material
of plates

5. Energy stored in the capacitor is:

(a) E=1/4 CV

o= JOIN

6. The time constant of a series RC circuit co

1000Q resistor i

(@0.1s F 0 n

(c)0.01s

7. The chMﬁﬂ;Ei'n'ﬂ'ou
EEE

(@) linear law

(b) E=1/

(c) ex

8. When the total charge in a
(a) remains the s
(c) is halved (d) is quadrupled

9. The capacitance C is charged through a resistor R. The time constant of the charging
circuit is given by

(a) C/IR (b) 1/RC
(c) RC (d) RIC
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10. Capacitor blocks:

(a) alternating current (b) direct current

(c) both alternating and direct current (d) neither alternating nor direct current
KEY:

l.a 2.b 3.a 4. a 5.Db

6. a 7.C 8.b 9.c 10.d

Section (B): Structured Questions

Lo Jﬂm
1. State the f ch the capacita

depends.

Ans) The capafrﬂﬁ parallel plate capagit ‘
including:
-MOHERE

. Plate Separation (d):
distance between the/platgs

separatiomjrese X1

interact more closely, e i ACi
3. Permittivit Dielectric Materi

affected by ctric material place

consta ittivity (€) of the materi W
charge a ects the capacitance. A higher permittivity materlal increases the
capacitance.

4. Permeability of Free Space (p): In vacuum or free space, the capacitance
depends on the permeability of free space (), which is a constant in vacuum.

5. Voltage (V): The capacitance is directly proportional to the voltage applied
across the plates. Increasing the voltage increases the charge stored on the
plates and thus increases the capacitance.
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2. Explain what is meant by dielectric constant (relative permittivity). State two
physical properties desirable in a material to be used as the dielectric in a
capacitor.

Ans) Dielectric constant: The dielectric constant, also known as relative
permittivity, is a property of a material that measures its ability to store electrical energy
in an electric field. It quantifies how much a dielectric material can increase the
capacitance of a capacitor when placed between its plates compared to a vacuum or
free space.

The dielectric constant is represented by the symbol ¢, (epsilon) and is a dimensionless
guantity. It is typically greater than 1, as most dielectric materials have a greater ability
to store electric charge than a vacuum. A dielectric constant of 1 indicates that the
material has the same electrical properties as a vacuum, meaningiit does not affect the

capacitance of it
Two physicmylus of dielectric

the dielectric in a capacitor, two important phys

1. High Di iIc/Constant (Relat
material $sho a high dielectric g
that the material can significantly in

BREH S

where compactness and &f

dlelectrlc loss, =
represents th unt of energy that i
i ged. A good dielec
.ensure that the stored

eIectronlc circuits and components, especially in high-frequency applications.
Materials with low dielectric loss are preferred to minimize energy wastage and
heat generation in the capacitor.

3. Drive expressions for the combined capacitance of two capacitors (a)
connected in series, (b) connected in parallel.

Ans) Capacitors in series: Let us suppose capacitors of capacitances C;, C, and
C; are connected in series between two points ‘A" and 'B' as shown in figure. As all
capacitors are connected in a single path, therefore when they are charged, each
capacitor acquires the same amount of charge irrespective of their capacitances. AlSo,
the potential difference Veq applied across the points A and B is equal to the sum of
potential difference across each capacitor
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Veq:V1+V2+V'ﬁ (1)

i -Q
Since, V = c
Therefore: Veq :Ci, Vi = Cg V2= and Vs = Cg

Equation(1) becomes

L _QQ,Q . Q
Ceq C1 G Cs3

After taking Q common and cancelling, we get

1 1 1 1
==+ = +—

Ceq C1 Cz C3

Where Cgqis't
the sun of reci

applied between"points A and B, then all capacitors would have the same potentlal
difference across them. On giving charge Qg to point A, capacitors C;, C, and Cz will
acquire charges Qi, Q. and Q3 respectively, depending upon their capacitances, hence

Qeq = Q1+ Q2+Q>(1)

From Q =CV

Therefore, Qeq = CVeq, Q1= C1V, Q2= C,V and Q3= C3V
CeqV = C1V + CoV + CaV

After taking V common and cancelling, we get
Ceq=C1+C+C3
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Where, Cq is the net or equivalent capacitance which is equal to the sum of
capacitances of all capacitors connected in parallel. This results implies that in parallel
combination, the net capacitance of circuit increases.

Q &

| |
]

i r the energy stored in a capaci

een the plates. ~

acttori arged by a batte i ‘ c
0 '

4. Derive an ex
potential differ
Ans) When a

the expense of its ¢ ical energy. This work
electrostatic potent y. Consider a cap
capacitor is zerad L rge Q be givento i
capacitor, the potential difference between

charge ormaﬁrﬁ ET')ientiaudif :
]
Now work don$g an additional infinitesimal charge dq to capacitor is

q
dW =V dg==d
q c q

The total work done in giving charge from 0 to Q will be equal to the sum of all such
infinitesimal works, which may be obtained by integration. Therefore total work is
_(@ (2 4
W _Io qu_ju C dq

[ ]% 120 0
c| 2 0 C 2 2C
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If V is the final potential difference between capacitor plates, then Q =CV

2
W=(CV) =lcv2= 10)%
2C 2

| =

This work is stored as electrostatic potential energy of capacitor i.e., Electrostatic
potential energy,

2
U=Q_=lcv2=

1
— Qv
20 2 2Q

5. A capacitor gets a charge of 50 C when it is connected to a battery of emf 5 V.
Calculate the capacity of the capacitor.

Data:
-t OIN 3
V=5V
- FOR

Solution:

ERQs:
1. Calculate com 'r%ﬁacitance of capa

Ans) Capaci eries: Suppose you ree capacitors in series wi
capacitances of 1@ uF, 15 pF, and 20 pF.

1 -1
Ceq 60
Ceq = 4.62 UF
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Capacitors in Parallel: Suppose you have three capacitors in parallel with
capacitances of 10 pF, 15 pF, and 20 pF.

Ceq:C1+C2+C3
Ceq=10+15+20=45pF
2. Prove that energy stored in a capacitor is E = ¥ CV2.

Ans) When a capacitor is charged by a battery, work is done by the charging battery at
the expense of its chemical energy. This work is stored in the capacitor in the form of
electrostatic potential energy. Consider a capacitor of capacitance C. Initial charge on
capacitor is zero. Let a charge Q be given to it in small steps. When charge is given to
capacitor, the potential difference between its plates increases. at any instant when
charge on capacitor be g, the potential difference between its %V =g/C.

++++++++\Zb
+
9]

Now wom

The total work done in giving charge from 0 tc
infinitesimal work ay be obtained by

o
W=I0 =Iu %dq

1[0 1 e2-0) 0
c| 2 0 C 2 2C

If V is the final potential difference between capacitor plates, then Q =CV

2
w=" _Leypa [0)%
2C 2

1
2

This work is stored as electrostatic potential energy of capacitor i.e., Electrostatic
potential energy,
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E=u=L=1cV
2C 2

3. Describe the factors affecting the capacitance of a parallel plate capacitor?

Ans) The capacitance of a parallel plate capacitor depends on several factors,
including:

1. Plate Area (A): The capacitance is directly proportional to the surface area of
the plates. A larger plate area results in a higher capacitance because it provides
more surface area for the electric field to develop between the plates.

2. Plate Separation (d): The capacitance is inversely proportional to the
distance between the plates. A smaller distance between the plates (shorter
separation) results in a higher capacitance because the elgttric field lines can
interact more closely, increasing the capacitance. é

3. Permitt Dielectric Material (g,):
affecte tric material placeg=betweenshe
constant or permittivity (¢) of the materie

he capacitance. A

charge a
capacita
4. Permeabil Free Space (

depends on the permeability of free

OB

icals:

citance is also

1. The capacitance ofaair-f -
of the plates is doubleg’and wax is inserte
is 2.6 pF. Find th u@c constant of th
Data:

C=1.3pF

C' =26pF

&§=7?
Solution:
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c' _ &
C 2
2.6
Sr = 2 X —
1.3
&§=4

2. Three capacitors have capacitances 10, 50 and 25 pF respectively as shown in
figure. Calculate (i) charge on each when connected in parallel to a 250 V supply
(i) total capacitance and (iii) potential difference across each when connected in
series.

JOIN
FOR
MORE!

C, =50 pF

C3;=25puF
Parallel Connec

0] V=250V
Q1=7,Q2=?,Q3=7
(i)  Ceq= ?

Series Connection

(i)  Veq =250V
V1:?,V2:?,V3:?
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Solution:
0)

Q1 =C1V = (10 x 10°) (250) = 2.5x10° C = 2.5 mC

Q. =C,V = (50 x 10®) (250) = 12.5x10° C = 12.5 mC

Q3= C3V = (25 x 10®) (250) = 6.25x10° C = 6.25 mC
(i)

Ceq=C1+C2+C3

=10 + 50 +25 =85 pF

" JﬂJN

Ceq

ceq 10 5

eq = 6.25 uF

Mﬁﬂflﬂfm

=15 _3125v

1.5625x10~3
Vz3=———=625V
25x10—6
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3. Three capacitors are connected through a potential difference of 100 volts as
shown in figure. Find the charges and potential difference across each capacitor.

RN ' SU——

-

.__v'_‘,‘ QI! IC’.’
| | IpF

Q' 'c, A SpF |B
2yF

o Jﬂl“

V =100

Q=7?, VEn H

Q= 2, VIE

Q :
el WIORE!!!

Capacitors 2 and 3 ar
itor 1

with

Ca=Cr +C3

Ca=3+5

11

Ceq Ci

11,1

Ceq 2 8

Ceq=1.6 UF

Q=CqV

Q = (1.6x10-6) (100) = 1.6x10™ C = 160 uC

Q1=Q =160 uC
_Q

Vl - C_1
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160x10~6
Vi =
1= "2x10-6

Qa=Q = 160 uC

=80V

Qa _ 160x107°
Va=2=———
Ca 8x1076

=20V

V2:V3:VA:20V
Q2=Cy V;
Q, = (3x10®) (20) = 6x10° C = 60x10° C = 60 uC

Q3=C3Vs
Qs = (5x10°°)(20) #,1x10* C = 100x10° C = 100 UC é
4. Capacitor i ough alarge no ive re :

constant voltage s arrangement, if thescag ) 2apaci 0
M F and the resistance is 1 M Q, calculate ) ' i
receive 90% of arge.

Data:

° LN

-VIORE N
EEE

t=7?

Solution:

T=RC = (1x1®10'6) =10

/10 = In(0.1) = -2.3
t/10 = 2.3

t=23s
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5. What capacitance is required to store energy of 10 kWh at a potential difference
of 1000 V?

Data:
E =10 kWh = 10 x 3.6x10° = 3.6x10" J
V = 1000 V
c=?
Solution:
E=1%CV?

3.6x10" = ¥ C (1000)? é

C=72 oY

6. A 2.0 p F capacitor and a 4.0 p F capacitor/a

300 V potentialgdiffere . Calculate the totale
Data: ﬁ

Ci=20uF N
MOREIT N
HENR

E=%CeqV

E = % (6x10°) (300)* = 0.27 J
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7. A12.0 V battery is connected to a capacitor, resulting in 54.0 uC of charge
stored on the capacitor. How much energy is stored in the capacitor?

Data:
V=12V
Q =54.0 uC =54x10° C
E=2?
Solution:
E=%QV
E=1% (54x10°) (12) = 3.24x10™J
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Unit #10: D.C Circuits

EE——
Calculate the resistance of 100 meter rolls of 2.5mm? copper wire if the resistivity of copper at
20°C is 1.72 x 10 Q meter.

Solution:

Step 1: Write the known quantities and point out quantities to be found
Resistivity of copper at 20°C =p = 1.72 x 10 Q meter
Coil length = L = 100m

Resistance=R =?
Cross-sectionammctor =A=25mm’=25x 10" m’.
Step 2: Write rearrange if necessfir :

p=RA/L

Step 3: Put the ‘En B!\ula and calculate

R =(1.72 X 10%) X 100/(2.5 X 10*S

o UIREILL

A 20-meter length o,
Calculate the con

Solution:

Step 1: Write the known quantities and point out quantities to be found
DC resistance = R = 5 ohms

Cable length = L = 20m

Cross-sectional area of the conductor =A =lmm?* = 1 x 10° m?
Conductivity =¢ = ?

Step 2: Write the formula and rearrange if necessary
o =L/RA

Step 3: Put the values in formula and calculate
=20/5 x 1x 10%)=4x 10°S/M

o =4MS/m
Thus, Conductivity of Cable is 4MS/m
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Determine the equivalent resistance for each of the two circuits shown below:

(a) (b)
AW AOD
R, = 4,001}
= v 1800V gm 1008t PR R;
+ Ri= R:= Ry =
2006 4TDO 2200
Ry~ 4.00 ()
AN~ BO

Solution:

In Circuit (a) the three resistors R, R; and R; are connected in series.
We know that equivalent resistance of series resistors is given as,
Regq=Ri+Ra+

“Reg=4+1+4
In Circuit (b) t Ry, R; and R; arcyfome
We know that e-:F'nv Hlstance of parallel re
M 0 n E EEE \

Find the Sowivaleniiasistand

Solution:
We can see that t a
“SERIES” combi
R:=80
12v I [] R.= 120
R.=40
v T
R+ R;=8Q+4Q =12Q B O |

So we can replace both resistor R; and R; above with a single resistor Ry of resistance>
value 12Q
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R, =860
o gy —
T I 1;
12v R.= 120 R, =120
B®

Now our circuit has a single resistor Ra in “PARALLEL™ with the resistor Ras. Using the
formula for two parallel connected resistors we can find out its equivalent single resistor.

e ey w0, 1657

Ra Rg 127312

Rieq) =

1 1
R(comhinminn) — 2 LT
Braq) i ©Q-1667
The resultant ci
o |

The tw
I combl

iThus equivalent resistance is'@
| the original circuit a

Section (A): [tiple Choice Que

1. Kirchhoff's la useful in determining:

a) current flowing in a circuit b) emf and voltage drops
in a circuit
C) power in a circuit d) both a and b

2. The resistance of a superconductor is:
a) finite b) infinite

c) changes with every conductor d) zero
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3. Reciprocal of resistance is called:

a) conductance b) resistivity
C) resonance d) capacitance

4. The graphical representation of Ohms law is:

a) parabola b) hyperbola

c) ellipse d) straight line

5. A potential difference is applied across the ends of a wire. If the potential difference is
doubled, then the drift velocity of free electrons will:

a) be quadrupled

c) be halved J 0 I “

6. Internal resistance is the resistance offerec
a) Capacitor F 0 n

¢) Conductor

7. Power ﬂ
a) P=VZ/MURE mm
c) RgVxl

8. Whatisap

IR 2)
I
Q)
S

a) Measuring electri ent
b) Measuring elect harge.
c) Measuring potential difference (voltage)
d) Measuring electric resistance

9. A heat-sensitive device whose resistivity changes with the change in temperature is
called:

a) conductor b) resistor

c) thermistor d) thermometer
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10. A wire of uniform area of cross-section A, length L and resistance R is cut into two
parts. The resistivity of each part:

a) Becomes zero b) is halved

c) Is doubled d) remains same
KEY:

1.d 2.d 3.a 4.d 5.b
6.d 7.d 8.c 9.c 10.d
CRQs: &

1. Why is the t i ge of a cell less than its emf @

Ans) The ter Iwolt f a cell is typicallyJ6We
due to internal resistance and external factors

inherent in the cell igh causes a voltage @r¢
the terminal vol Law, V = IR, expl
connected to aniex ircuit with resistance

affects the current flow, leading to further

. MOREHE

A potentiometer is pref

allowing for ac age o
current from the cell. Fhey pr 2a m
related to internal re nce and load effects jP@t
measurement ran ndyminimal impact on the

precise result lled environments like
practical for quickwoltage checks.

3. Nichrome and copper wires of same length and same radius are connected in
series. Current | is passed through them. Which wire gets heated up more?
Justify your answer.

Ans) In this scenario, the wire that gets heated up more will be the nichrome wire, and
this can be justified based on the differences in the electrical resistivity of the two
materials. Nichrome has a significantly higher electrical resistivity compared to copper.

When the same current (I) passes through both wires in series, the power dissipatgj_ai? !
heat in each wire can be calculated using the formula:

P=I°’R
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Since the length and radius of the nichrome and copper wires are the same, the only
significant difference in this context is the electrical resistivity of the materials. Nichrome
has a higher resistivity than copper, which means it has a higher resistance (R) for the
same length and cross-sectional area. Consequently, when the same current flows
through both wires, the power dissipated as heat (P) in the nichrome wire will be greater
than that in the copper wire.

4. Explain why the terminal potential of a battery decreases when the current
drawn from in increased?

Ans) The terminal potential (voltage) of a battery decreases when the current drawn
from it is increased due to its internal resistance. According to Ohm's Law (V = IR),

there is a direct relationship between voltage drop (V) and current (I). As the current
drawn () increases, this voltage drop becomes more significant, resulting in a lower
terminal voltage LV

5. What are t cINVrite their impor

Ans) Thermistors: Thermistors are temperatu

resistance with FﬂB temperature.
Importance of ther Here are some

thermistors.

. Ove

can trigger saf ec

potential dam

4. Temperatuge €ontrol: Thermistor
control o regulate heating or cooling proce

5. Medical Applications: In the medical field, thermlstors are used for
monitoring body temperature, both externally and internally.

6. Automotive Industry: Thermistors play a crucial role in automotive
applications, including engine temperature monitoring, climate control, and
battery management.

7. Environmental Monitoring: Thermistors are used in environmental
monitoring equipment to measure temperature variations in natural habitats,
climate research, and weather stations.

8. Industrial Automation: In industrial processes, thermistors are used to
monitor and control temperatures in various machinery and manufacturing ~—__—= ﬂ[_?r_‘l“i—""
processes. They contribute to product quality, efficiency, and safety in industrial =
settings.
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9. Energy Efficiency: Thermistors are integral to energy-efficient appliances
and devices by enabling temperature-based control, which reduces energy
consumption and extends the lifespan of equipment.

6. State Kirchhoff's Laws.

Ans) Kirchhoff's Current Law/ Kirchhoff's First Law: Kirchhoff's current law
is based on the conservation of charge because sum of current entering to the junction
is equal to sum of current leaving the junction.

Kirchhoff's Voltage Law/ Kirchhoff's second Law: The sum of voltage rises
equals the sum of voltage drops around a loop.

7. 1f Copper and Aluminum wires of the same length have %resistance, which

has the larger
Ans) If coppe
relatlonshlp be

nd why?
gl wires have the sag
e ameters can be
becomeSM uerE ' ' '
HEN

Pcopper-L / Acopper = Palumini

Now,

e Copper has a loWer eleetrical resistivit (
(paluminum).

Since both sid equation are equal antsthe S and resistance :
the same, we ¢ clude that for aluminum to match the resistance of copper, it must
have a larger cross-sectional area (A) to compensate for its higher resistivity.

Consequently, aluminum has larger than copper.
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8. What is the difference between potential difference and emf?

Ans)

Aspect Potential Difference Electromotive Force
(Voltage) (EMF)

Definition Represents electric Represents the total energy
potential energy per unit supplied per unit charge by
charge between two points. | an energy source.

Source Arises within a circuit due to | Associated with the source

potential gradients caused
by components like
resistors, capacitors, etc.

of electrical energy (e.qg.,
battery, generator).

Direction of Energy

Transfer J 0 I “

Indicates the energy

transfer or work done on
charges as they move
within a circuit. [
the direction of

Role in Circuits Fﬂn
M n n E =

ERQs:
1. State the principle
an unknown r@ i

Ans) Principle

R

e ents the potential
upplied by the
SE and does not dictate

meter bridge: The Wheatstone bridge works on the principle of

null deflection. In normal conditions, current flows through the galvanometer and the
bridge is said to be in an unbalanced condition. Adjusting the known resistance and
variable resistance a condition is achieved when no current flows through the
galvanometer ie a balanced condition.
If key K1 and K are open no current Iq flows through the galvanometer. We can
however arrange conditions under which no current flows through the galvanometer
even keys K; and K; are closed in this condition the bridge is said to be balanced.

Let us consider the path of the current through different resistors of bridge.

The current | starting from the positive terminal of the battery reaches the terminal A,
where it finds two paths, one through resistor R; is |; and the one through R3 is I, when
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the current I, reaches the terminal B, it also finds the two paths, the one through the
galvanometer which is Iy and the other through the resistor R,. The current |, passing
through R; when reaches the points D, it also finds two paths, one through
galvanometer and the other through R4 when we adjust the resistance in such a way
that.

When the bridge is balanced, then no current flows through the galvanometer (15=0).
This means that the potential at B and D are same i.e. Vga = Vga hence

|1R1 = |2R3 e (1)

Also the current through R; is I; and through R4 is I

|1R2 = |2R4 — (2)
Dividing (1) by (), é
11R1 = 12 “ IN \
LR, I,
Ri _Rs
f

A
((,

Determinatio Unknown Resistance: To determine the unknown resistance
X, itis connected in the arm containing resistance Ry4. The values of Ry, R;, and R3 are
so adjusted that the bridge is balanced, hence

By knowing the values of R;, R, and R3 the value of X can be calculated.
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2. Define thermoelectricity. Explain the working of a Fire Alarm system using
thermistor.

Ans) Thermoelectricity: Thermoelectricity is the electricity generated from heat
energy.

Working of a fire alarm system using thermistor: A thermistor is a variable resistor
whose resistance changes with temperature. Its temperature detection can be used in
fire alarms for the detection of fires. Fire Alarm Circuit is a simple circuit that detects the
fire and activates the Siren Sound or Buzzer. In this fire alarm circuit, the resistance of
the thermistor is approximately in kilo-ohms at normal temperature. During fire, the
resistance reduces to a few ohms as the temperature increases which switches ON the
transistor. Once the transistor is turned ON, the current from V. starts to flow via buzzer
which produces a beep sound. For unidirectional conduction % is used and the

use of capacit(aeﬂ dden transients from the thermi

3. Define resis Explain dependence of resistivity on temperature.

Ans) Resistivity: Resistivity is the electrical resistance of a conductor of unit cross-
sectional area and unit length.

Resistivity Depends on Temperature: Resistivity does not depend on the size
or shape of the material, but it does depend on temperature. Two factors primarily
determine the resistivity of a metal.

1. The number of conduction electrons per unit volume and the rate of collisions
between an electron and an ion.

2. The sensitive to changes in temperature. At a higher temperature, the internat—"7"
energy is greater, the ions vibrate with larger amplitudes. As a result, the
electrons collide more frequently with the ions.
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With less time to accelerate between collisions, they acquire a smaller drift speed, thus,
the current is smaller for a given electric field. Therefore, as the temperature of a metal
is raised, its resistivity increases. The metal filament in a glowing incandescent light
bulb reaches a temperature of about 3000K; its resistance is significantly higher than at
room temperature. For many materials, the relation between resistivity and temperature
is linear over a fairly wide range of temperatures (about 500°C);

Pt = Po (1+ a AT)
Where, p; = resistivity at temperature T °C
Po = resistivity at temperature T, °C

a = linear temperature coefficient of resistivity and has Sl units °

Cﬁr K™,
Note that for semi , a < 0. A negative temperature «@? nt means that the
resistivity decﬂ reasing temperature. It is still tilUe, or metals that are

t

good conduct llision rate increasé atre. Howeve
semiconductors the number of carriers (cond

increases with i inggiemperature: with
4. What is a rhEsn.:nw can we use
Ans) Rhmu&& ti( i ij variable fes
electric ¢ ing Or : N ;
Working ostat otefitial o

val

the current flowir

| = VIR

Let Rgc be the resi
portion is also [.

ce of the portion BC of
otential difference between the points B and C is given by

Vec = | Rgc

Rgc as we go away from A and decreases as C comes close to A. This changes the
ratio RBC to R and hence a variable voltage can be obtained. If V is regarded as input
potential difference to the potential divider and V¢ as the output potential difference,
then VBC can be tapped off and applied to another circuit.
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Electric
Current
— > —P

Current

Current
in

g principle of a pote
necessary circuit di , how a potentio
resistance of algi ?

Ans) Principle o entiometer:
a wire of uni rea,o ction s dired
o R RERT

Vv t'con JFrént

ent of internal re

:E Vac
J m'“stat as a potential divig é
5. State the underlyin i g

K

1
When K; is open, balance length is obtained at length AN; = I3

EOCL]_
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E=oLi ——>(1)

When K3 is closed:

Let V be the terminal potential difference of cell and the balance is obtained at AN,=L,
V « Ly
V==opL,——> (2)

From equations (1) and (2), we get

E_1L
A T 3)

E=I(r+R)

o J “
E:ﬂ 4
V R
From equationsF)oin, we get
Rir _ Ly
R L,
EEE

We know L1,L, and R, so we ca

Numer :
1. The storage batt%}
battery is 0.5Q, t e
Data:

E=12V

r=0.5Q

=7
Solution:

E=Ir

12 =1(0.5)

=24 A
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2. A negligibly small current is passed through a wire of length 12m and uniform
cross- section 4.0x10”7 m?. and its resistance is measured to be 6.0 Q. What is the
resistivity of the material at the temperature of the experiment?

Data:
L=12m
A =4.0x107 m?
R=6.0Q

p=7

Solution:

. & OIN
6=p(1
p = 2x10%

3. In a potentiofe

MORE!!

Ei1=12V

point shi

Data:

E=?
Solution:

Ei _ L

E, L,

12 _ 04

E, 074

E,=222V
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4. (a) Three resistors 1Q, 2Q, and 3Q are combined in series. What is the total
resistance of the combination?

b) If the combination is connected to a battery of emf 24 VV and negligible internal
resistance, obtain the potential drop across each resistor.

Data:
(@) R1 =1Q, R, = 2Q, R3 = 3Q), series
(b) Veq= 24 V (because internal resistance is negligible), V1 =?,V,=?,V3=7?

Solution:
(a)

- JUIN

Req =1
(b)

w-nF OR
24 = | (6)
MORE!!!

HE N

Vi = IRy = (4) (1) = 4V
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5. From the given circuit find the value of I.

Data:

|=7?
Solution: J 0 I “
>l

in = Zlout

0.2+ O.GFﬂ:n +05+1

I=06A

o MOREL
balancin i ind t
EEE

Data:

R
X

= 15Q @
=7 S Sb
Solution:
Ly
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7. By using KVL find Current flowing through 10Q resistance.

5 Ohm 10 Ohm 12 Ohm

Solution:

For left loop
VoItageJeuxlI“a drop
4=51, + —
20 |1—1¥h m 1)

For middle loop

WOREI NN

0=15(l,— 1))+ 101, +8

151, -331,+845=0

For right loop
-6=8 (@2 I3

-81,+2013=-6

81,-2013=6 —> (3)
By using calculator

I, =0.0323 A (since sign is positive therefore I, in clockwise direction)
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Unit #11: Oscillations

- Worked Example 11.1 L)

The spring used in one such dewce shown in Fig. 11.12 has a spring constant of 606 N/m, and
the mass of the chair is 12.0 kg. The measured oscillation period is 2.41 s. Find the mass of the
astronaut.

Step 1: Write the known quantities and point out the quantities to be found.

oti the total mass (7=
elated (Eq.11.20) to

Spring Constant; k = 606 Nm''
Mass of chair;  mgpe = 12.0 Kg
Time period; T =241s

Step 2: Write the formula and rearrange if necessary.
Since the astronaut and chair are oscillating in simple harmonic m

PN ) | S—— related to the angular frequency ®

period of oscilla ""

T =7 ’mmmt .
T { "

Squarlng on bl::-t earranging the abovalequi

Hltotal = v

Hence thc expressmn or mass of astronaut;

- RIOREUL A

12.0=177.2

Mastronam =

4x3.1422

Astronaut Millie Hughes-Fulford
a body-mass measurement device developed
for determining mass in orbit.
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A block is kept on a horizontal table. The table is undergoing simple harmonic motion of
frequency 3 Hz in a horizontal plane. The coefficient of static friction between the block and
the table surface is 0.72. Find the maximum amplitude of the table at which the block does not
slip on the surface.

Step 1: Write the known quantities and point out the quantities to be found.

Frequency; f =3 Hz
Coefficient of friction; p =0.72
Amplitude; Xo =2
Step 2: Write the formula and rearrange if necessary.
Since a= o
Maximum force of static friction is given as
F = umg
In case that the body does not slip;
ma = pumg

or

and

Step 3: Put th 1
Amplitude (x.) =

ug /(2nf)?
ormula and calcula

Section (A) nle Choice Qu

1. Two simple pendulums A and B with sa

but the m fﬂ:ﬁinr SS ofB%
and Eg reMi “cor

HEN
a) Ta=Tgand Ex> Ep

C) Ta nd Ex < Eg

2. In order to double the peri
a) Its length shoul oubled
c) The mass s doubled.
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4. A spring attached by a load of weight W is vibrating with a period T. If the spring is
divided in four equal parts and the same load is suspended from one of these parts, the
new time period is:

a) b) 2T

NI s

C) d) 4T

5. The total energy of a particle executing simple harmonic motion is proportional to:

a) frequency of oscillation b) maximum velocity of motion

¢) amplitude of motion d) square of amplitude of motion

6. A child swing A g in sitting position, stands up, th time period of the
swing will: J 0 I w

I '
a) Increase ‘ ,‘
b) decrease
C) remains the sam
d) increa (EiT
7.1fabo |
oscillatio num

a) oscillations

c) Free oscillations

8. A simple harmo ic%or with a natural

driving frequency The Resonance occurre

a) wn < Wy b) wn > Wy
C) WN = Wy d) wn= Wy

9. In vehicles, shock absorber reduced the jerks:

a) The shock absorber is the application of damped oscillations.
b) Damping effect is due to the fractional loss of energy

¢) Shock absorbers in vehicles reduced jerk

d) All of these
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10. A heavily damped system has a fairly flat resonance curve in:

a) An acceleration time graph b) An amplitude frequency graph
c) Velocity time graph d) Distance-time graph

KEY:

1l.a 2.b 3.d 4.c 5.d

6. b 7.a 8.c 9.d 10. b
CRQs:

period, frequency, and amplitude.

Ans) Perioddvﬂil:ueriodic motion is &
refers to a typ i which an object répea

time.

Here is morwrﬁn about it.

1. Regular Repetition: In periodic

RRARE

or rest position, which is
ject moves away
motion.
Examples o riodic Motion:
exhibit period tion, including:

e The swi of a pendulum bac .

o n of a wheel or a planet around an axis.

e Thewibration of a guitar string producing musical notes.

e The motion of a child on a swing.

e The oscillation of a mass attached to a spring (simple harmonic motion).
4. Applications: Periodic motion has numerous applications in various fields,
including physics, engineering, and technology. It is essential in understanding
phenomena such as sound waves, electromagnetic waves, alternating current in
electrical circuits, and much more.

1. Explain the concept of periodic motion to oscillatory moti&Discuss the terms

Period: The time taken by a particle of medium to complete its one vibration is called
the time period of the wave.
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Frequency: Frequency, in physics, the number of waves that pass a fixed point in
unit time; also, the number of cycles or vibrations undergone during one unit of time by
a body in periodic motion.

Amplitude: It is the distance between the resting position and the maximum
displacement of the wave.

2. Explain the concept of phase and phase difference in oscillatory motion.
Discuss how phase is related to the position and time in an oscillating system.

Ans)

1. Phase (9):
e Phase is a measure of the position of an oscillatin%ect or wave within
(/

its ecific point in time.
. sented in radians (or degrees :
Jﬁ’iﬁycle has been ca
NAC Ac AL
phase of 21 radia
E
e Phas es information ako
oscillatory system.

2. P ):
mg:ﬁgmm r
etiwe &sEilfati ; '.I
.. . .
i cq; n-
relative jposition illati
o Itis. %asured in radians ( ﬂn rani

radia 80 degrees to 1801de qﬂgg

Relation of p to the position and time: It provides valuable information
about where an oscillating object or wave is in its cycle at a given point in time. Let's
explore this relationship in more detail:

1. Phase and Position: In oscillatory motion, especially in the context of simple
harmonic motion (SHM) or waves, an object's position can be represented as a
function of time. The phase of the oscillation is used to express this position
within the cycle.

x(t) = A * sin(wt + @)
e X(t) is the position at time t
e Ais the amplitude of the oscillation ~—7
e W is the angular frequency (related to the oscillation's period), and
e @ is the phase angle.
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2. Phase and Time:

e Phase is intrinsically tied to time in oscillatory systems. It's a measure of
how much time has elapsed since the oscillation began or since a specific
reference point in the cycle.

e The phase angle (¢) in the equation above represents the phase at a
particular moment in time. As time progresses, the phase angle increases
linearly with time.

e For example, if @ = 0 radians (or 0 degrees), it corresponds to the starting
point of the cycle (t = 0). As time increases, ¢ also increases, indicating
the position of the oscillating object within the cycle at any given time.

3. Explain the concept of damping and its effects on oscillatory motion. Discuss
the types of damping, such as over-damping, under-dampiannd critical-

damping.

Ans) Dampid Mujls a phenomenon in_0sci
gradual reduc litude (the maxi 0 di

-‘ ement fromye

oscillations over time. It occurs due to the prege H 7 alforce
oppose or dissi rgy of the oscillatifig/8y m Dam

on oscillatory m hese effects depend el vel'ef
. . ||

Effects of Damping on OscHIatgry h’u iﬁ'

0 .w' e

oARE -

The presence of dampin da

. o
tems, the period %ﬁuﬂda o ah
ftbetup ! n gL
force or initial ditions [ s*.-ﬁT1 o
' sures the fastest re liBriem Without rshoeting,
: el

ol wit

e Critical dam
making it i rtain applications.

1. Overdamping:

e Overdamping occurs when the damping force is relatively strong, causing
the oscillations to decay to zero without oscillating back and forth.

e In an overdamped system, the motion returns to the equilibrium position
gradually and smoothly, without any overshooting.

e Overdamping is common in scenarios where a quick return to equilibrium
without oscillations is desired. Examples include shock absorbers in
vehicles or damping systems in engineering applications.

e The time it takes for an overdamped system to return to equilibrium i5——~7
longer compared to the other damping types.
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2. Underdamping:

e Underdamping occurs when the damping force is present but not strong
enough to prevent oscillations. As a result, the oscillations persist, but they
gradually decrease in amplitude over time.

e In underdamped systems, the motion exhibits oscillatory behavior, with the
amplitude decreasing in an exponential manner.

e The time it takes for an underdamped system to return to equilibrium is
shorter than for an overdamped system.

e Examples of underdamped systems include simple harmonic oscillators
with friction and lightly damped pendulums.

3. Critical Damping:

e Critical damping is a special case where the damping force is adjusted

precisely to eliminate oscillations as quickly as possible without

oV i r lingering near the equilibrium po ition,
. ﬂmﬁevel is often desired in applicatiohs Where rapid damping
ions is essential. ‘ sa
mechanisms in machinery.

4. Discuss the resonance freque
frequency of an oselll g system.

Ans) Re e :
and engi

external f | f

system's physical properties. Atr.
sighificant oscillation amplificati

for specific frequencies, Da
Resonance is both e
careful considerati d

Resonance cy relationship wi requency: The
relationship between resonance frequency and the natural frequency is straightforward:

1. Resonance at Natural Frequency: When an external force or input is
applied to the system at the same frequency as its natural frequency, resonance
occurs. The system's response becomes highly amplified, and the amplitude of
oscillation can increase significantly. This is because energy is efficiently
transferred from the external source to the system.

2. Resonance Near Natural Frequency: Resonance can still occur when
the applied frequency is very close to, but not exactly at, the natural frequency. In
this case, the system's response is still amplified, although not as dramatically as

=
at the exact natural frequency.

3. Resonance at Harmonic Frequencies: Resonance can also happen at
integer multiples (harmonics) of the natural frequency. For instance, if the applied
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frequency is twice the natural frequency, resonance can occur at the second
harmonic frequency.

5. Discuss the factors that affect the period of a simple pendulum. Explain how
the length of the pendulum, the acceleration due to gravity, mass and the
amplitude of oscillation influence the period.

Ans)

1. Length of the Pendulum (L): The period of a simple pendulum is directly
proportional to the square root of its length. The formula for the period (T) of a
simple pendulum is:

T = 2mV(L/g)

As you can see, if you increase the length of the pendul %e period will
increasﬁuming the pendulum swing more s@

2. Accel to Gravity (Q9) iod
inversely proportional to the square roc the agee

means that'i ue of gravity chang
example,
a shorter"period, .

period.
| MM
pe A HE N
pendulum motion, known a

eo
depend on amplitude of oscillations.

ERQs:

1. Define simplegarmonic motion (SHM). Discuss the key characteristics of a
system undergoing SHM.

Ans) Simple Harmonic Motion: A Simple Harmonic Motion, or SHM, is defined as
a motion in which the restoring force is directly proportional to the displacement of the
body from its mean position. The direction of this restoring force is always towards the
mean position.

1. Restoring Force: SHM occurs when a system experiences a restoring force
proportional to its displacement from its equilibrium position. This restoring force
acts in the opposite direction to the displacement, causing the system to return-to?
its equilibrium position.
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2. Linearity: The restoring force is directly proportional to the displacement from
the equilibrium position. This means that the system follows Hooke's Law, which
states that the force is proportional to the displacement: F = -k x

3. Periodic Motion: SHM is a type of periodic motion, which means the system
repeats its motion over regular intervals of time. The motion is repetitive and can
be described as a sinusoidal function (sine or cosine) of time.

4. Constant Amplitude: In SHM, the amplitude remains constant.

5. Constant Frequency: The frequency of oscillation is also constant in SHM. It
is determined by the characteristics of the system and is independent of the
amplitude.

6. Phase Angle: The motion of a system undergoing SHM can be described by a

sinusoidal function, which includes a phase angle. The phase angle determines
the initial conditions of the motion and where the oscilla@in its cycle at a

given tim
7. Energrd:uiu:[ion: In the abse
mecha I e sum of kinetic
undergoing SHM remains constant. Eng
potential he system oscillaté
8. AngulaFa ear SHM: SHM aa
Angular nvolves the oscillation'e
pe ile li E
m ing
D F

friction) and driving forces
considered in SHM.

2. Derive the equation_of i
each step of the derivation.
Ans) Consider a %ached to a spring
one dimensio e x-axis.
According to Newten's second law
F=ma ——>(1)
The restoring force in this case is given by Hooke's Law
F=—kx ——>(2)
Comparing equation (1) and (2)
ma= —Kkx

k

a=-—XxX
m
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. d?x
in =—
Since, a=—-
@x_ K

dt2 = m

This is a standard form of a differential equation for SHM. The solution to this equation
is of the form:

x(t) = A cos(wt+¢)

3. Discuss the concept of energy in SHM. Explain how kinetic energy and
potential energy vary throughout the motion of a particle in SHM and how the
total mechanical energy is conserved.

Ans) Consider a spring-mass system, when the mass is pulle rds right and

released it mov ’l“e equilibrium position. The spee d@atest as the object
i": il
[

passes throug m position. The object slows dewn as it reaches to the end
points. This p icates the inter conversion«ehkinetic and potential energies
of the system at different points but the total ‘

instant shall re nt.

E= kine:EnB Potential energ
Inter Conyersi f iKineti otential
Kinetic EMBHE;-!JO“

is given b

= 15 mv?
Where, vist

Using equations,

K= Zk(xZ-x?)

Since the speed is maximum at equilibrium position i.e. at x= 0. The maximum kinetic
energy of the object at equilibrium point is

1
Kmax = E kxﬁ
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As the object is instantaneously at rest on extreme position, where v = 0 and X = Xo.
Therefore;

K= ~k(xZ-x2)=0

Potential Energy (U) of the Oscillator:

The net force on the oscillator at equilibrium position is F, = zero and at extreme point is
Fa= kx. The average applied force exerted on the system in displacing it from
equilibrium position to extreme position is

against the el orce

T2 2 2
The work done i H{I object from equilibrium position t@me position,
ail f

W Favqx__

This work is stored }npring-mass syste

and minimum at equilibrium position where x =0

P.E

— RE

N W
v

o
o w

Energy (E) joule
N
°

4

o

15 1 05 0 05 1 15
Displacement (x) cm

The graph shows the
elastic potential energy and kinetic
energy as a function of position, for a
mass oscillating on a spring.
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Total Energy (E) of the Oscillator: The expression of total energy of a system executing
SHM is

E = kinetic energy + Potential energy

— l 2 _y2 Ij:lkx2
Since,K 2 K% x)and 2

B= Sk(x3-x%)+ ke

1
E=§kx§

The graphs show that the elastic potential energy is zero wher
zero and maxim e position. Contrary to
zero displace t ilibrium position apesAi

isplacement is
et rgy is maximum at

The total energy of a body executing SHM at

Total
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4. Discuss the concept of resonance in simple harmonic motion. Explain how
resonance occurs and its effects on the amplitude and energy transfer in a driven
oscillating system.

Ans) Resonance:

Definition: If the frequency of external driving force f is continued to increase and if it
becomes equal or integral multiple of natural frequency f, of the system such that

fexternal = f1 or = 2f1 or = 3f;....... or = nfy...
The amplitude of the motion is maximum, this condition is called resonance.

Effects of resonance on amplitude and energy transfer: At resonance the
driving force is always in the same direction as the object's vel ince the driving

m
e

force is always doi e work, the energy of the oscillato ilds up until the
dissipation of r AViToYe X OL-aR-0SCi
with little dam ,

by the driving f
resonance. The

resonance.

Driving Frequency

The curves show a relation between amplitude and driving frequency of a harmonic
oscillator. The curves represent the same oscillator with the same natural frequency but
with different amounts of damping Resonance occurs when the driving frequency
equals the natural frequency
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5. Discuss the factors that affect the sharpness of resonance in an oscillatory
system. Explain how damping and quality factor influence the width and peak of
the resonance curve.

Ans) Factors that affect the sharpness of resonance: The sharpness of
resonance depends mainly on two factors: amplitude and damping.

1. Amplitude (A): The amplitude of resonance is directly related to the
sharpness of the resonance peak.
Specifically:
e Higher Amplitude: When the amplitude of resonance is high, it means
that the system's response to the driving force is pronounced. This results

in a sharper and more prominent resonance peak “Khe frequency

response curve.

. LJ\Bi litude: Conversely, when the & e of resonance is
I 's response to the.deivingforcesisw er, leading to
broa nce curve with lessypiene ) .
2. Dampi : The damping ratio () g ‘
system. | ' classified into three e
. Ufd ped (T < 1): Inth
resonance peak is sharp, an :

PErigiyohnged

the system returns

The influence
the resona e:

1. Damping ({):

e Effect on Resonance Width: Higher damping () leads to a broader
resonance curve. This means that the range of frequencies over which the
system responds significantly to an external force is wider.

e Effect on Resonance Peak: Increasing damping reduces the maximum
amplitude (peak) of the resonance curve. This is because damping
dissipates energy from the system, limiting the maximum amplitude the
system can achieve at its resonant frequency. As damping increases, the
resonance peak becomes lower, indicating that the system's response to
the driving force is weaker. ~—~7
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2. Quality Factor (Q):

e Effect on Resonance Width: A higher quality factor (Q) corresponds to a
narrower resonance curve. This means that the system responds
significantly to a narrower range of frequencies centered around the
resonant frequency. A lower Q value indicates a broader resonance curve,
where the system responds over a wider range of frequencies.

e Effect on Resonance Peak: The quality factor (Q) directly affects the
height of the resonance peak. A higher Q value results in a taller, more
pronounced resonance peak. Conversely, a lower Q value leads to a
shorter, less prominent resonance peak.

6. Explain how the period of a mass-spring system can be independent of
amplitude, even though the distance travelled during each cyele is proportional to
amplitude.

Ans) The ind ﬁ he period of a mass-spring
understood b ations.

T—;an

mathemati
unaffecte B
To put it sl , ra

the period of the mass

period of oscillation @f 1s o .
where gravitationali is stronger than tha
systems, state wheth e period is now |

Ans) On Earth, the period of oscillation for both a mass hanging vertically from a spring
and a simple pendulum is 1 second. When these systems are taken to another planet
with a stronger gravitational field, we need to consider how the change in gravity affects
their periods.

1. Mass Hanging Vertically from a Spring: The period will be shorter than 1
second.
The period of oscillation for a mass hanging from a spring depends on the
gravitational field strength (g) and the mass (m) of the object, as given by the
formula:

T=21‘r\/E
g
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If the gravitational field on the new planet is stronger than that of Earth, 'g' will be
larger. Since 'g' is in the denominator of the period formula, an increase in 'g" will
result in a shorter period. Therefore, the period will be shorter on the planet with
a stronger gravitational field.

2. Simple Pendulum: The period will be shorter than 1 second.
Reasoning: The period of a simple pendulum depends on the gravitational field
strength (g) and the length (L) of the pendulum, as given by the formula:

T=2m

Similar to the mass-spring system, if the gravitational field on the new planet is
stronger than that of Earth, 'g' will be larger. Again, since 'g' is in the denominator
of the period formula, an increase in 'g' will result in a shorter period. Therefore,
the period of the simple pendulum will also be shorter on planet with a
stronger gravitational field. é

Numerical
0:505 and the s 5.0cm. what is
the acceleratio int of maximum
Data:
||| N\
Mu H E e \

m

Solution:
—2n
W=7
w=2—1;=1 6 rad/s

Vmax = W Xmax

Vmax = (12.566) (0.05) = 0.628 m/s

Vmax = 0.628 x 100 = 62.8 cm/s
Amax = - wz Xmax

amax = - (12.566) (0.05) = - 7.9 m/s?

The negative sign indicates that acceleration is in opposite direction to displacement.
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2. A sewing machine needle moves with a rapid vibratory motion, like SHM, as it
sews a seam. Suppose the needle moves 8.4 mm from its highest to its lowest
position and it makes 24 stitches in 9.0s. What is the maximum needle speed?

Data:
h=8.4mm=-—2=0.0084m
1000

No. of stitches = 24 stitches
t=9.0s

Vinax = ?

Solution: é
T'% I “ =

= — = 0.375 stitches/s

w= zj = Eglznss ra-(:/s
NORENT \\

Vinax = (16.755) (4.2x10°%)

3. An ideal spring wij spring constant o
body of mass 0.6 ached to the unstfe

(a) What is th tension of the spring whe

(b) What is the maximum speed?

Data:
k=15 N/m
m = 0.60 kg
(@ x=7?
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Solution:

(a)
F =W= K Xmax
Mg = K Xmax
Kooy = (0.6)(9.8)

15

Xmax = 0.39 m

S
w=ﬁtlﬁ=|ﬁ“ﬂs -
m
vmax = (0.39)=195m=
4. Abody is Sl:En ertically from a

s R H ot

Data:

=2.5N/m

y = (4.0cm) sin[(@.70r
Kmax = ?

Solution:

y = (4.0cm) sin[(0.70rad/s) ]

Herexo:4cm:i:0.04m
100

Kmax = ¥2 kXo? = % (2.5) (0.04)? =2x10%J=2mJ
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5. The period of oscillation of a simple pendulum does not depend on the mass of
the bob. By contrast the period of a mass-spring system does depend on mass.
Explain the apparent condition.

Ans) Simple Pendulum: The period of a simple pendulum is determined by the
length of the pendulum and the acceleration due to gravity (g). The formula for the
period (T) of a simple pendulum is given by:

T=211\[E
g

Where:

e T is the period of oscillation.

e L isthe length of the pendulum
e Qi ration due to gravity (approximate
As you can see€¥th the bob (the objé heeNoNOf

appear in this equation. Therefore, the mass ¢
pendulum.

Mass-Spring * To calculate thé
system, you need to consider the mass of
The form r [ [
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6. What is the period of a simple pendulum of a 6.0 kg mass oscillating on a4.0 m
long string?
Data:

T=2

m = 6 kg

L=40m

Solution:

T-=

21T
e dlﬂm

7. A pendulum of length 75 cm and mass

of 0.015 J. whaFo nllitude?
Data:

0.015 = % (2.5) (13.067) A?
A =0.03m =0.03x 100 =3 cm
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8. A pendulum of length L, has a period of T; = 0.950 s. The length of the
pendulum is adjusted to a new value L, such that T, = 1.00 s what is the ratio
Lo/L;.

Data:
T,=0.950s
T,=1.00s
Lo/Ly =7
Solution:

Ll;

T
_1=2T|'
T
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9. Awire is hanging from the top of a tower such that the top is not visible due to
darkness. How do you calculate the height of tower?

Ans) Connect some mass with the end of the wire. Take a stop watch and set the
pendulum in vibration. Calculate the time period of the pendulum. You may find the time
of, say ten vibrations, and divide it by 10 to find the time period of the pendulum.

Now equation of the simple pendulum is

T=211\[E
g

T and g are constants. Use the value of T you just calculated in the above equation and
find the length of the wire. As the wire hangs from the top of the tower, it will give you
the height of the tower. @,

Note that ¢ giv’ﬂ/ﬂt“gth of the wire and if the wire jss ground (and
principally it shaul the remaining part'to the length ofsthe wire.

N/
10. The amplit illation of a pendulu ' } ‘ factorfo 0/s
By what factor Onergy decayed in tha L . m
I N
A Mn n E EEm \
20

Data:

Solu
E
E' =% mw?’ @
E'=%
E =Hlo1/zmou2A2
E=LE

400
(The energy has decreased by a factor of 400)
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Unit #12: Acoustics

If the velocity of sound in air at 27°C and at a pressure of 76 cm of mercury is 345 ms™. Find
the velocity at 127°C and 75 cm of mercury.

Solution:

There is no effect of change of pressure on the velocity of sound.

Step 1:

Write the known quantities and point out quantities to be found.

T1=27C=27+273 =300K
T»=127°C = 127+273 = 400K

v = 345ms™

Required: Spee at 127°C

0

Write down th earrange if necessaft '

Using equation

L ) (5
Vo g To
Step 3:

Put the values in the formula and calculat.e.

7
Hence;

xv;=%x345=398
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In a game of cricket match a spectator is sitting in the stand at a distance of 60.0 m away from
the batsman. How long does it take the sound of the bat connecting with the ball hit for a six
to travel to the spectator’s ears? if the temperature of air is 27°C.

Solution:

Step 1: Write the known quantities and point out quantities to be found.

§s=60.0m

T =27°C =27+273 = 300K

Required: t,

time in which spectator will hear the sound.

Step 2: Write down the formulae and rearrange if necessary

Using equation w= v+ 0.61t °C
and s =vt
Step 3: Put the J\ ormula and calculate.

=332+ 0.6

Usmg t =slv
60. o

Speed of source; vi=0.5
Speed of listener; v, 5
/= 400Hz
Required: fo=2
Step 2: Write t

Step 3: Put the values in the formula and calculate.

fo= (‘;+ : : ”) x 2000 taking v common

fo= (32 x 2000 = 4800 Hz

Percentage in Frequency = ( %) x 100% = (F5=222) x 100% = 140%
s

ula and rearrange if necessary. fo=

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Physics Notes

Section (A): Multiple Choice Questions (MCQs)
1. The speed v of a wave represented by y= A sin(t - kx) is:

a) k/w b) w/k
c) wk d) 1/wk

2. Two sound waves are y = A sin(wt - kx) and y = A cos(wt - kx). The phase difference
between the two waves is:

a) /2 b) /4

c)m d) o
3. If vy, vpand v, t eds of sound in air, hydroge s@n metal at the same
temperature, tﬂﬁ ﬂe

a) Va> Vp > Vpy

- 1]
4. The speed offso irat STP is 332

the same temperatue, the speed of sound

L 2
s A (ORI
HENE

c)332m

5. es the speed of

a) v« P°

c) v o P? @

6. The speed in a gas is proportional tO:

a) Square root of isothermal elasticity b) square root of adiabatic elasticity
c) Isothermal elasticity d) adiabatic elasticity

7. The length of a pipe closed at one end is L. In the standing wave whose frequency is
7 times the fundamental frequency, what is the closest distance between nodes?

a) 1/14 L b) 1/7 L
c)2/7L d) 4/7 L
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8. A 620 Hz frequency song of a ice cream trolley approaches with speed v to a boy
standing at the door of his house is heard with frequency f;. If the trolley is stopped and
the boy approaches to the ice cream trolley with same speed v; the boy now hears the
sound with frequency f, choose the correct statement:

a) f; = f,; both are greater than 620Hz b) f,>f;> 620Hz
c) f, = fp; both are lesser than 620Hz d) f;>f,> 620Hz

9. The speed of sound in a gas in which two waves of wavelength 50 cm and 50.4 cm
produce 6 beats per second is:

a) 303 m/s b) 350 m/s

point in the m tes, then its wave

c) 378 m/s d@m/s
10. The spee dﬁle“a medium is 760 m/s. If 3600 wa passing through a
u

a) 13.85m

c)41.5m Fon

1.b mII!:l'III N
6. b \iL'2:1 H
CRQE: -

1. Why sound can r@e hrough vacu

Ans) Sound is a haniCal wave, so to propagda

cuum is an empty space& WHere no matte
hrough a vacuum as there are no particles present for vibrations to

required. We k
Sound cannot tr
take place.

2. On what factors speed of sound depends on?
Ans) Speed of sound depends upon following factors:

1. Density of air:

__|Elastic modulus of medium
From the relation, V_J Density of the medium
It is clear that speed of sound varies inversely to the square root of density of air.
2. Moisture: Moisture is the presence of a liquid, especially water in other media,
small amounts of water may be found, for example, in the air (called humidity).
The presence of moisture in the air decreases the resultant density of air which
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increases the speed of sound in humidity. Hence the speed of sound in damp
(wet) air is greater than in dry air.

3. Pressure:

The above equation shows that speed of sound is independent of pressure of
gas (air).

4. Temperature: Temperature changes do not affect the speed of sound in liquid
and solid media quite significantly. But for a gas (air) the rise and fall of
temperature at constant pressure significantly increases or decreases the volume
of gas, and thus the density of gas is changes inversely which results in the
increase of velocity.

5. Wind: If v, is the wind speed then the speed of sound the direction of
wind relati reumd is (v + vy) and (v - vy) agains irection of wind.
3. What are tJUIN for the interfereg Waves?
Ans) To obserye | rence, certain cQne
1. CohereF: aves must be cohere
phase relationship. In other words, thefcre

. SNORE]

similar frequencies and w.
verlap consistently.

clear interference eff

3. Overlapping i
and time. Thi
simultaneouslys,If waves arrive at differemistin ocations
interfere ach other.

4. Constant'Wave Speed: The waves should travel at a constant speed
through the medium. Variations in wave speed can lead to phase differences that
may affect interference patterns.

5. Single Frequency Source (for Two-Source Interference): In cases
of two-source interference (like the double-slit experiment for light or electron
waves), a single-frequency source is required to ensure consistent interference
patterns. If the source emits a range of frequencies, the interference pattern may
become more complex.
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4. Is the energy of a wave is maximum or minimum at nodes?

Ans) In a standing wave, nodes are points with minimal or zero displacement of the
medium. Consequently, the energy of the wave is at a minimum at these locations.
Nodes represent regions of low energy because the particles in the medium remain at
rest or oscillate with minimal amplitude.

5. Why is it possible to understand the words spoken by two people at the same
time?

Ans) In the realm of sound, understanding words spoken by two people simultaneously
relies on the auditory system's remarkable capabilities. Sound waves from different
voices possess unique characteristics, such as varying frequencies and amplitudes,
enabling our ears to separate them into distinct streams.

ERQs:

1. Define a §0Jnualeud explain its nat
speed of prop . ’ |
Ans) Sound \E\nﬂnd is a longitudin

vibrating object such as a guitar strlng th
The nat Ewu

ibit the characteristics of longi

oscillate or vibr ba
case of soun
which soun

nd rarefactlon In the compressmn phase the air molecules are
pushed closer together, creating a region of high pressure. In the rarefaction
phase, the air molecules move farther apart, creating a region of low pressure.
These alternating regions of compression and rarefaction propagate through the
medium as the sound wave travels.

3. Propagation of Energy: Longitudinal waves transfer energy from one point
to another by causing particles in the medium to pass energy along. In the case
of sound waves, this energy transfer is achieved as the particles of the medium
transmit the disturbance (vibrations) to neighboring particles.

4. Wavefronts: Longitudinal waves are often represented by wavefronts, which
are surfaces connecting points of equal phase (equal displacement). In the case—~
of sound waves, these wavefronts are typically depicted as concentric spheres
originating from the sound source (e.g., a vibrating object or a speaker)
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5. Frequency and Pitch: In longitudinal waves like sound waves, the frequency
of the wave corresponds to the pitch of the sound. Higher-frequency sound
waves have a higher pitch, while lower-frequency sound waves have a lower
pitch.

6. Amplitude and Loudness: The amplitude of a longitudinal wave
corresponds to the intensity or loudness of the sound. Larger amplitude sound
waves carry more energy and are perceived as louder.

2. Discuss the concept of the Doppler Effect in sound waves. Explain how the
motion of a source or observer affects the perceived frequency and pitch of a
sound wave. Provide examples to illustrate the Doppler Effect in daily life.

Ans) Doppler Effect of Sound: The Doppler effect is a phenemenon in physics
that describes the perceived change in frequency of a wave (s@% sound or light)

when the sourc or the observer is in relative the case of sound
waves, the Do curs when there is_relati ofig
the sound and server. The key charactg ;

frequency of the sound waves appears highe

the direction of Ft CB/
Effects on th ed frequency

motion of either the source of a sound wa

perceive i the s6
R

effect. Le
of th ) ritted freglie '
This . - iy
[ alld a

perceive
frequency and thus higher pitch.

e Source Moving Away from the Observer: If the sound source is
moving away from the stationary observer, the perceived frequency
(fobserved) Of the sound wave will be lower than the actual emitted frequency
(fsource). This is because the sound waves are "stretched out" as the
source moves farther from the observer, resulting in longer wavelengths
and a lower frequency and thus lower pitch.

o No Relative Motion: When there is no relative motion between the
source and the observer, the perceived frequency (fopserved) iS €qual to the
emitted frequency (fsource). IN this case, the observer hears the true pitch of
the sound. 7
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2. Motion of the Observer:

o Observer Moving Towards the Source: If the observer is moving
towards the stationary sound source, the perceived frequency (fopserved) Of
the sound wave will be higher than the actual emitted frequency (fsource)-
This is because the observer is encountering sound waves more
frequently as they move closer to the source, resulting in a higher
perceived frequency and thus higher perceived pitch.

e Observer Moving Away from the Source: If the observer is
moving away from the stationary sound source, the perceived frequency
(fobserved) Of the sound wave will be lower than the actual emitted frequency
(fsource). This is because the observer is encountering sound waves less
frequently as they move farther from the source, resulting in a lower
perceived frequency and thus lower perceived pit

Doppler Effﬂﬂmlife:
1. The Dopple n be observed inle W sueh a

vehicle with a siren passes by. As the lee S [f: hes
is heard pitch (higher frequengy)

When th |
(lower freque

. Th r Effect is_utili [ ellite ., f ic
tr i;t) ifes Lndis
is ﬁrﬁﬁn iOl ansitted Fadie

Doppler shift, causma the fre ICy tolayf ‘ ar highef T

iS no significant
remain consis

communicatio -
3. What is standi ve? How they are prodt
nodes and anti s in standing waves. Explain their locations and the

relationship between node spacing and wavelength.

Ans) Standing wave: Standing wave, also called stationary wave, combination of
two waves moving in opposite directions, each having the same amplitude and
frequency.

Production of standing waves: Standing waves are produced when two waves

of the same frequency and amplitude travel in opposite directions and interfere with

each other within a medium that has fixed boundaries. They are observed in various
contexts, such as vibrating strings in musical instruments and sound waves in closed _ =
tubes.
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Nodes:

e Nodes are points within a standing wave where the displacement (amplitude) of
the wave is always zero. In other words, nodes are locations where the particles
of the medium do not move from their equilibrium position; they remain
stationary.

e Nodes are formed due to destructive interference between the two waves that
create the standing wave. When a crest of one wave meets the trough of the
other, they cancel each other out, resulting in zero displacement.

e The number and locations of nodes in a standing wave depend on the specific
geometry of the medium and the mode of vibration. For example, in a vibrating
string fixed at both ends, there will always be nodes at the two endpoints (fixed
boundaries), and additional nodes may appear depending @n the harmonic

(mode) being produced. @
Antinodes:

e Antinodes are points within a standing

of the w ighat litsymaximum. These g
of the m$1 rgo the most signif
positions

e Antinodes are formed due to constr,

 NHREH

adjacent nodes contai

.;‘J“]ii" -1"-.
ol B

Nodes: Nodes.are peints within a standing waveswheresthesdisplacements@mplitue
of the wave is a zero. These points correspond to positions in the medium where
particles do not move from their equilibrium positions; they remain stationary.

Antinodes: Antinodes are points within a standing wave where the displacement
(amplitude) of the wave is at its maximum. These regions represent positions in the
medium where particles undergo the most significant displacement from their
equilibrium positions.
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Relationship Between Node Spacing and Wavelength: For a given mode
(harmonic) of vibration in a specific medium, the distance between adjacent nodes is
equal to half of the wavelength:

) A
Distance between nodes = >

This relationship holds true for all harmonics. In other words, as you move to higher
harmonics (higher modes of vibration), the wavelength decreases, and consequently,
the distance between nodes decreases by a factor of two for each successive harmonic.

4. Define the Doppler Effect and Derive the Doppler Effect equation for sound
waves in terms of the relative velocity between the source, observer, and the
speed of sound.

Ans) Doppler ound: The Doppler effect is
that describes [ change in frequency of a wave
when the sour or the observer i§ :
Moving Sourge;

Sourceis m iotn/ards the obs
velocity vs towards a stationary observer o

waveleng [
that at th hE 'E‘l\trmit
from poin s mestime ji

The wavelength as measured b
and 3:

enon in physics
as sound or light

takes sound t distance (v-vs)Ts.

)\' = VTS - Vs Ts
The frequency at h% \
frequency f'. 1@ time period T' betweé

TI - (V_VS) TS

\%

isf=L=-_UV 1
The observed frequency is f' = T oo X

Dividing numerator and denominator by v and substituting fs = Ti yields

ff = (—) x f

vV — Vg

This shows that the observed frequency is higher than the source frequency, when-the—~
source moves in the same direction as the wave towards the observer.
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Source is moving away from the observer at rest: If the source is moving at
velocity vs away from the stationary observer on the left, then according to figure (a), the
wavelength, the distance between the crests is larger to the left. The wavelength A’ as
measured by the observer on the left in fig. (b) is the distance between crests 3 and 4:

N=vTg+ vs T

The frequency at which the crests arrive at the observer is the observed wave
frequency f'. The observed time period T' between the arrival of two crests is the time it
takes sound to travel a distance (v + vg)Ts.

(v+vg) Tg
v

_ _ 1
The observed frequency is f' = E = VS) — é
Dividing numeJ)BvI(“omlnator by v and ituting: fs i

T =

(a) A Fire engine
is moving to the right at speed v,
while it blows its siren. The siren
emits wave crests at position 1,
2, 3 and 4. Each wave crest
moves outward in all directions,
from the point at which it was
emitted, at speed v. (b) The
observed wavelength £2° is the
distance between the wave
crests.
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Moving Observer:

Observer is moving towards the source at rest: A stationary source emits a
sound wave at frequency fs and wavelength A = v/fs, where v is the speed of sound. An
observer moving towards the stationary source with speed v, would observe a shorter
time interval between crests. Just as crest 1 reaches the observer, the next crest 2 is at
distance As ahead. Crest 2 catches up with the observer with time T' earlier than the
time Ts, when the distance vT' the wave crest 2 travels toward the observer is equal to
wavelength of sound minus the distance the observer travels towards the wave crest 2
as shown in figure below.

TJT' = is = chr
A.s = UTF =} V‘)Tr
A= (W+v)T'

An observer is moving towards the

stationary source with speed v,. The

observed frequency shall be greater
than the source frequency.
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Observer is moving away from the source at rest: Now consider an
observer moving away from the source at velocity v,. He observes a longer time interval
between crests. Just as crest | reaches the observer, the next crest 2 is a distance As
away. Crest 2 catches up with the observer at a time T' later when T' the distance the
wave crest travels toward the observer is equal to the distance the observer travels
away from the wave crest plus the wavelength (Fig. below)

VI =v,T' + 2
or

(v-vo) T' = As

(v-vo) T" = v/fs

f'= 5701

v

An observer mOJ'r"mom the source detect a frequen

han the fs.

@ observer is moving away from the
stationary source with speed v,. The
observed frequency shall be lower than

the source frequency.
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Motion of Both Source and Observer:

Source & listener are moving towards each other: If the source and listener
both move towards each other then we combine the two Doppler's shifts. First consider
the relative change in frequency with respect to stationary listener as the source is
approaching towards the listener. Let f_ be the frequency detected by the listener.

f|_:

If at some moment the listener starts moving towards the approaching source with
velocity v, then the detected frequency f, shall be

fo — V+ VO) fL

Substituting the this equation yields é
V+ !

Source & lis moving away ea¢hlo

both move awayiir other then we comb

consider the relative e in frequency espe

source is ing.a ' r.Letf b
n Wlm I

If ome moment the listen

fo — V Vo) fL

Substituting the v In this equation yi

v+vS

5. Define standing waves and explain how they are formed.

Ans) Standing wave: Standing wave, also called stationary wave, combination of
two waves moving in opposite directions, each having the same amplitude and
frequency.

Production of standing wave: Here’s a step-by-step explanation of how
stationary waves are formed:

1. Two Waves Traveling in Opposite Directions: The process begins

with the generation of two identical waves that travel in opposite directions along
the same medium. These waves can be created in various ways, such as by a
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source and its reflected wave or by two sources emitting waves that interfere with
each other.

2. Encounter and Overlap: As the two waves travel through the medium, they
encounter each other and overlap. At any given point in the medium, the
displacements (amplitudes) of the two waves add together due to the principle of
superposition.

3. Interference:

e Interference occurs as the two waves combine. The specific type of
interference depends on the relative phases of the waves at each point
along the medium.

e If the crests of one wave coincide with the crests of the other wave
(constructive interference), they reinforce each other, resulting in regions
of maximum displacement (antinodes).

o Ift e one wave coincide with the troug
d t erference), they cancel each othe
ement (nodes). !
LA
i

e other wave
, resulting in regions

4. Stable Standing Wave Pattern:

that crea pattern of nodes &
formed. S appear to “stand
not movejith tationary in spaee

single medit
waves.

Production of
t

waves of differ encies, including the fuRdamen

combine throu tructive interference. The fundamental frequency is the simplest
and lowest-frequency mode, with one antinode and two nodes. Higher harmonics are
formed by waves with frequencies that are integer multiples of the fundamental
frequency and introduce additional nodes and antinodes.

1. Fundamental Frequency (First Harmonic):

e The fundamental frequency, often referred to as the first harmonic, is the
simplest and lowest-frequency mode of vibration in a standing wave.

e In the fundamental frequency, there is one antinode (region of maximum
displacement) and two nodes (points of zero displacement). For example:

. . . . b

In a vibrating string fixed at both ends, the fundamental frequency has one-,
antinode at the center of the string (maximum vibration) and two nodes at
the two ends (anchored points).
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2. Higher Harmonics (Overtones):

e Higher harmonics, also known as overtones, represent modes of vibration
with frequencies that are integer multiples of the fundamental frequency.

e Each successive harmonic introduces additional nodes and antinodes
compared to the fundamental frequency. The number of nodes and
antinodes increases with each higher harmonic.

e The nth harmonic has n-1 nodes and n antinodes. For example: The
second harmonic has two nodes and three antinodes and The third
harmonic has three nodes and four antinodes.

3. Relationship Between Harmonics and Wavelength: The wavelength
(A) of each harmonic is related to the length of the medium and the harmonic

number (n) by the equation:
_ 2L

= S

where L. | of the medium.

This equation shows that as the harmohic
(An) decrgase igher harmonics havé
fundamenial i cy.

4. Harmonics in Music: In music, hz

MOHE

ionship of harmoni

system or sound wave.
e The freque c@ﬂ
fy.
e The fre
e The frequency of the third harmonic (second overtone) is 3f;.

e This pattern continues for higher harmonics: the nth harmonic has a frequency of
nf1.
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Numericals:

1. The equation of a wave is y(x, t) = 3.5 sin {%x -66t} cm where tis in seconds

and x and y both are in cm. Find (a) the amplitude and (b) the wavelength of this
wave.

Data:
y(x, t) = 3.5 sin {%x - 66t} cm

@ym="7?
(b)A="?

Solution: Q\
o iJ;mN
(b) We find A

A=6cm
2. Why i
back on
sounds | I I -

compared to how othegs heanjte : Vi
conduction and bon ion, wi i\“5 :
Listening to a recordi involves air conductien
unfamiliar. Yo ) -
selective attent content rather than sound contributes to this discrepancy. Friends,
who are accustomed to your external voice, perceive the recorded voice as more

familiar and natural, as they do not experience this perceptual shift.

3. Why the speed of sound in solids is much faster than the speed of sound in
air?

Ans) The speed of sound in solids is significantly faster than in air primarily due to
differences in density and stiffness. Solids are denser and have tightly packed particles,
allowing sound waves to propagate quickly from one particle to another. Additionally,
solids exhibit greater stiffness and stronger intermolecular forces, enabling efficient
transmission of sound energy. In contrast, gases have lower density, weaker ~—7
intermolecular forces, and more widely spaced patrticles, leading to slower sound wave
propagation.
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4. An increase in pressure of 100 kPa causes a certain volume of water to
decrease by 5x10° percent of its original volume. Find (a) Bulk modulus of water.
(b) What is the speed of sound in water?

Data:
AP = 100 kPa = 100000 Pa
AV" =5x10" % = 5x107° /100 = 5x10°
(@B="?
(b)v="2

Solution: é
_ 1000

= 2x10° Pa = 2x10%1x10° =2Q00-MP.

il

"~ 5x10-5

\f mnﬂm 213 m/s
5. A unif Om
weight o
suddenl mﬂy

totravel to upper end? (Negle

W; =0.
W2 =1.00 =1000 N
At=7

Solution:

The speed of transverse wave is given by

FL
v= |—=
m
In order to evaluate the speed of the wave in the Y-direction, we use the following
relation
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each have amplitude 5.00
the phase difference ¢ between the compd
Data:

y = 6.69
9=
Solution:

The given equations for the component waves are:
y1 = A sin(wt + kx) and y, = A sin(wt + kx - @)

For resultant

y =Yy1 + Y2 = Asin(wt + kx) + A sin(wt + kx - ¢)
Since, sin a + cos = 2sin % cos %B
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a=wt+kxandB=wt+kx—¢@

(ot + kx)+ (Zcot +kx—@) cos (ot + kx) — (Zu)t + kx—q@)

y =2Asin
y = 2A sin(wt + kx - 7) cos?

Since, Asin(wt + kx-7) =5

6.69 = 2(5) cosg

what percent u reduce the tension?
Decreasfﬂn%
Decrease’in =%
SqutionMﬂHE"' ’\
f =t EEE \

24

@ =96°
7. In order to a“)sl “fundamental frequency of a g iéing by 4.0%, by
I

Data:

1 T 24
— |=xom k==
2L A p T 25
Tr _ 24
T 25
Tr _ 576
T 656
T 576
——1=22-1
T 625
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T'-T _ 576
(T) x 100 =100 x (&— 1)

(") x 100 = -7.8 %

8. A string 2.0 m long is held fixed at both ends. If a sharp blow is applied to the
string at its centre, it takes 0.050s for the pulse to travel to both ends of the string
and return to the middle. What is the fundamental frequency of oscillation for this
string?

Data:

L=20m

t =0.050s

Solution:
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9. A sound source of frequency f, and an observer are located at a fixed distance
apart. Both the source and observer are at rest. However, the propagation
medium (through which the sound waves travel at speed) is moving at a uniform
velocity in an arbitrary direction. Find the frequency detected by the observer
giving physical explanation.

Ans) When the propagation medium is moving at a uniform velocity (vm), the observed
frequency changes due to the Doppler effect.

The Doppler effect equation for sound, when the source is stationary but the medium is
moving, is given by:

f — fsource+ Vm f
observed — —f - I'source
source—vm

Where,

fsource = the frequency of the source (emitted fre

fobserved =

g

that is higher (greater tha
pear to have a hig

moving away

from th
-V Will be larger than numerator fo+
(fobserved) that,isfower (less than f). ThiS i
appear to h wer frequency.

So, the frequencydetected by the observer (fopsened) depends on the relative motion of
the medium. If the medium is moving toward the observer, fopserved Will be higher than f,
and if the medium is moving away from the observer, fopserved Will be lower than f,.
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10. A train sounds its whistle while passing by a railroad crossing. An observer at
the crossing measures a frequency of 219 Hz as the train approaches the
crossing and a frequency of 184 Hz as the train leaves. The speed of the sound is
340ms™. Find the speed of the train and frequency of its whistle.

Data:

When the train approaches the crossing
f=219 Hz

When the train leaves the crossing

f' =184 Hz

Solution: ﬂ
When the train approaches the crossing

MOREIN! NN

219 = (2 x fs—>

340—v

v =340
f

s=7?
Vs =7?

When the

G

vs) X fs@
g 340 ;l\ f,

184 () = f,

f =
184

Put the value of fs in equation (1)

340

340 + VS)
340—

219 =
340

VS) x 184 (

219 340 | 340 +vV
= ( ) ( )

184 ‘340- vg 340

( 340 )(340+VS)_219_O

340— v 340 184
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By using calculator
Vs =29.5m/s

Put the value of vs in equation (1)

340
219 = (340— 29.5) x Ts

fs =200 Hz

JOIN
FOR
MORE!

@o

New Physics Notes
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Unit #13: PhyS|caI Optics

- - i

In a Young'’s double slit expenment a beam of hght consisting of two wavelengths, 6500 A°
and 5200 A®, is used to obtain interference fringes on a screen 120 cm away from two slits 2
mm apart. (i) Find the distance of the third bright fringe on the screen from the central maxima
for the wavelength 6500 A° (ii) What is the least distance from the central maximum where the
bright fringes due to both the wavelengths coincide.

Solution:

Step 1: Write the known quantities and point out quantities to be found.
Distance of the screen from slits; L=120cm =120x 102 m
Slits spacing; d=2mm = 2x10°m
Wavelength of light; 2.,.=6500A°= 6500x10""" m
Wavelen > =5200A°= 5200x10"" m

Requircd

Distance of third bright fringe from cent

Least di the central maxim
wavelengths coi
Step 2: Write d ula and rearrange if Be

Ym=imk form=
MllﬂE._.Y

1 §
a) Ax= 2x1073
Ax=1.17x 107 m = 7 yjam
b)
Suppose the m™ bri
due to wavelen

ge due to wavelengt
0 A°then,

Ym=Yn-—-> %mk1= gnlz —>m7»1=n)»2
_m _5200A° _4

n  6500A° 5
Hence the minimum values of m and n for the two bright fringes coincide are

m=4andn=35

Therefore;  x=tmh — x= 22100 4456500 x 10
x=1.56 x 10° m = 1.56 mm

Similarly; x=§n A = 1:0 ’;:03 X 5x 5200 x 1077
x=1.56 x 10° m = 1.56 mm
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A soap bubble in air is of thickness 320 nm. If it is illuminated with white light at near normal
incidence, what color will appear to be in reflected light?
(Refractive index of soap bubble n= 1.50).

Solution:
Step 1: Write the known quantities and point out the quantities to be found.
Thickness of film, t=320 nm
Refractive index, n=1.50
Wavelength A=2
Colors =?

Step 2: Write the formula and rearrange if necessary.

2nt = (m+3) A
2nt

A= N
m+
Step 3: Put the values in the formula and calcula
2nt

l:
{m
for
2x150x320 _ ¢2x150x320
T } nm = { T
- . 2.

§ =[R20

form=2, A,=384 nm
form=3, ,=274
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In a Newton’s ring experiment the diameter of the 16™ bright ring was found to be 0.653 cm
and that of 5" bright ring is 0.346 cm. if the radius of curvature of the lens is 100 cm, find the
wavelength of light.
Solution:
Step 1: Write the known quantities and point out the quantities to be found.

Diameter of Newton’s 16" bright ring

(die) = 0.653 cm = 0.653x102 m

Radius of Newton’s 16" bright ring

rf =3.265x10° m

Diameter of Newton’s 5" dark ring
(ds) =0.346.cm = 0.346 x 10 m
Radius ™ dark ring
3 |

d
Radlus of curvature of lens, R =100 cm

Wave le (A)=?
Step 2: Write th d rearrange if necessp
From eq and 3.18,

R(N--)A and 12 = mAR

MﬂﬂE... ’

N= —-m)

1

Section (A): ltiple Choice Questions (MCQs)

1. If the wavelength of an electromagnetic wave is about the diameter of a cricket ball,
what type of radiation is it.

a) X-ray b) Ultraviolet
¢) Radio waves d) Visible light
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2. Electromagnetic waves from an unknown source in space are found to be diffracted
when passing through gaps of the order of 10 m, which type of the wave are they most
likely to be?

a) microwaves b) Ultraviolet

c) Radio waves d) infra-red waves
3. Huygens's conception of secondary waves

a) helps us to find the focal length of a thick lens

b) is a geometrical method to find a wavefront

c) is used to determine the velocity of light K

d) is used to ex rization of light @

4. InterferenanIr“oduced using mo a
effect on interfe rn will be :
a) All the dark aEﬂVHinges become bright
b) All the i [

c) Bright Mﬁngr!g! -an

right fringes become darker

separation of slits is halved,
a) 4 times
c) doubled

6. A ray of light passes from air into water. Striking the surface of the water with an
angle of incidence 45°. Which of these quantities change as the light enters the water. i)
Wavelength ii) frequency iii) speed of propagation iv) direction of propagation

a) i and ii only. b) iii and iv only.

c) i, iii, and iv only d) all of them.
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7. A hill separates a television (TV) transmitter from a house. The Transmitter cannot be
seen from the house but still the TV in the house has good reception. What wave
phenomena make it possible?

a) Coherence of waves b) Diffraction of
waves
c) Interference of waves d) Refraction of waves

8. Monochromatic light is incident on a diffraction grating and a diffraction pattern is
observed. Which effects is observed by replacing the grating with one that has more
lines per millimeter?

a) Number of maxima decreases with decrease in angle between@t and second order
maxima. e

b) Number of m ases with increase in angle b hWee
maxima.

¢) Number of maxi ases with decreasg in dngleHetwee
maxima

st and second order

d) Number of maxima’i ases with increasg

maxima
9. OptlcaIM gsn E 's'ale th
EEE

a) produce polarized light

c) produce double refraction
d) convert a plane‘polafi light into circularl

10. Plane polar ht is passed through a Polaroid. On viewing through the Polaroid
we find that whenPolaroid is given one complete rotation about the direction of light

a) The intensity of light gradually decreases to zero and remains at zero.
b) The intensity of light gradually increases to maximum and remains at maximum
c¢) There is no change in the intensity of light

d) The intensity of light varies such that it is twice maximum and twice zero.

KEY:
1l.c 2.¢C 3.b 4.d 5. a
6.cC 7.b 8.b 9.b 10.d
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CRQs:

1. In every day experience, visible light seem to travel in straight lines while radio
waves do not, Explain.

Ans) Visible light and radio waves both travel in straight lines through space, but the
perception that they behave differently in everyday experience is due to differences in
their interactions with objects. Visible light, with its shorter wavelength, interacts with
objects at the macroscopic scale, casting shadows and appearing to follow straight
paths when obstructed. In contrast, radio waves, with their much longer wavelengths,
tend to pass through or around objects at the macroscopic scale without noticeable
scattering, creating the impression that they don't travel in straight lines. However, both
types of waves fundamentally obey the laws of straight-line propagation when not
significantly affected by obstacles or the atmosphere. &

A,

2. Explain wh of significantly different freg
coherent? ~

Ans) Two wave e considered coherg
frequencies. Co [
between waves

like opti
- PARHELL
affected i SIits"se

scheen?

cannot be

Ans)

1. Slits Separ

The angular separation between fringes (8) is inversely proportional to the
slit separation (d).

2. Distance Between Slits and Screen (L):
e Increasing L makes the interference pattern more spread out with larger,
less intense fringes.
e Decreasing L makes the interference pattern more compact with narrower
and more distinct fringes.
e The angular separation between fringes (8) is directly proportional to\fhvﬁ EI‘!;
distance between the slits and the screen (L).

i
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4. Explain how the double-slit experiment provides evidence for the wave nature
of light.

Ans) The double-slit experiment provides evidence for the wave nature of light through
its observation of an interference pattern. When light passes through two closely spaced
slits and strikes a screen, it creates alternating bright and dark fringes, which can only
be explained by the wave-like behavior of light. This experiment demonstrated the
principles of superposition and interference, establishing that light exhibits wave-like
properties.

5. Discuss the concept of monochromatic light in the context of Newton's rings.

Ans) Monochromatic light, consisting of a single well-defined wavelength or color, is
crucial in Newton's rings experiments. When monochromatic lightfs used, it creates a
distinct interference pattern of concentric bright and dark rings passed through a
plano-convex le glass plate. The radii of these
wavelength of ing for wavelength-determination
rings are used 10 s ilms and assess quali :
applications, making monochromatic light a f
phenomenon.

6. Explain whymomechromatic light is p
defined interference patterns in thegx \

v JRORE
patterns i

Manochromatic light consists of
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7. Discuss how the interference of light waves leads to the formation of bright
and dark rings in the experiment.

Ans) The formation of bright and dark rings in experiments like Newton's rings is a
consequence of the interference of light waves. In this setup, a monochromatic light
source is directed at a plano-convex lens in contact with a flat glass plate. Light waves
reflected from the lens's surface and those transmitted through it travel different paths
before meeting on a screen below.

Interference occurs when the path length difference between these two sets of waves is
a multiple of the wavelength of light (A). Constructive interference, resulting in bright
rings, happens when the path length difference is an integer multiple of A. Destructive
interference, leading to dark rings, occurs when the path length difference is a half-

integer multiple of A. &
%Khe screen, with the

As a result, an ttern of bright and dark rings forg
central region nd subsequent regienssexhihitiigstohncen bright and dark
rings. This pattérn iS'a estation of wave e in i

o fnyﬂ
1. Explain the con interference in‘pl

and destructive interference.

L 4
Ans)

o EEm
Definition: Interference in phygi

principle interfere, but i
interference of onl es. To produce obs¢
necessary to have

e Two coherent sources, i.e, they must have the same frequency.
e The two waves must be monochromatic, i.e, they must have the same color
(wavelength).
e Be always in phase with each other or have a constant phase difference.
e For Constructive Interference (Bright Fringes) the path difference must be
Phase difference = 2m1r rad
Path difference AS = mA
(m=0, +1, £2, £3.....) Fig. (a,b)
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Bright
fringe

()

1 Bright

e For Destructive’Interference (Dark Fring
Phase difference = ;
. 1

Application: Interference concept is applied in following

1. Young's Double Slit Experiment
2. Interference in thin film

3. Newton’s rings

4. The Michelson Interferometer
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Constructive Interference:

Definition: Constructive interference occurs when waves combine in such a way that
their amplitudes add together, resulting in a wave with a larger amplitude at the point of
superposition.

In-Phase Waves: For constructive interference to happen, the waves involved must
be in phase. In other words, the crests of one wave align with the crests of the other
wave, and the troughs align with troughs.

Examples: Examples of constructive interference include the bright regions (fringes)
seen in double-slit experiments, where waves from two slits overlap constructively to
produce bright lines on a screen.

Destructlve é

Definition: iﬂerference occurs yHe : & sRuEVAuE
their amplitudes subtract from each other, re oy v ith Is eve
zero amplitude MB of superposition. l ﬂ

Out-of-Phas Destructive interfefe are out of
phase. In this case, the crests of one wave_ alig aughs|o

leading t 1cella

ExampM Biﬂe! \
(fringes) in double-slit experime
dark lines on a scr

2. Discuss the conditions
interference in dailydif

Ans)

Conditions f erference of light: Although any number of waves can in
principle interfere, but in order to keep the case simple we consider here the
interference of only two waves. To produce observable interference effect, it is
necessary to have

e Two coherent sources, i.e, they must have the same frequency.

e The two waves must be monochromatic, i.e, they must have the same color
(wavelength).

e Be always in phase with each other or have a constant phase difference.

e For Constructive Interference (Bright Fringes) the path difference must be
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Phase difference = 2m1r rad

Path difference AS = mA

(m=0, +1, £2, £3.....) Fig. (a,b)

@ Phase difference and

path difference between
two coherent sources

o For Destructive Interference (Dark Fringes) the phase difference must be

Phase difference = (m + %) 21 rad

Path difference AS = (m + %) m

(m=0, +1, £2, £3.....) Fig. (¢)
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Examples of interference in daily life: Interference is a fundamental wave
phenomenon that can be observed in various aspects of daily life. Here are some
common examples:

1. Soap Bubbles: When you blow soap bubbles, you can observe interference
patterns on the surface of the bubble. The thin soap film acts as a diffraction
grating, and as light reflects off the inner and outer surfaces of the film, it
interferes, creating colorful patterns.

2. Oil Slicks on Water: When oil spreads on the surface of water, it forms a thin
layer. Light reflecting off the top and bottom surfaces of the oil layer can interfere,
producing colorful patterns.

3. Thin Film Coatings: Interference is used in the design of camera lenses. By
applying thin films with specific thicknesses to the surface, anwanted reflections
can be minimized through destructive interference, imp@visibility.

4. Iridesce i@ls: Some materials, like the wings,e n butterflies,
feather e surface of CDs and 0
interfer . ing thickness of mi iC

5. Soap Fil washing: When yg@u
films can e surface of water. [The
and can a playful Way tound

. Holography:
between are
pattern is r

object.

9. Anti-Reflegtive Coatings on Eyeglasses: Eyeglass lenses are often coated

with thin films that are carefully designed to reduce unwanted reflections. These
coatings work through destructive interference, where the light reflecting off the
outer and inner surfaces of the lens interferes in such a way that certain
wavelengths of light cancel each other out, minimizing glare and enhancing
visibility.

10.Rainbow Formation: Rainbows are natural optical phenomena that result from

the dispersion and interference of sunlight by raindrops. When sunlight enters a

raindrop, it undergoes both refraction and internal reflection, followed by

dispersion as it exits the drop. This dispersion separates the light into its

component colors. When the dispersed light waves exit the raindrop and interfere®

with each other, they create the circular spectrum of colors that we perceive as a
rainbow.
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3. Describe the setup and working principle of the Michelson interferometer. Also
explain how the Michelson interferometer can be used to measure the wavelength
of monochromatic light.

Ans) Michelson's Interferometer:

Principle: It works on the principle of interference in which a light beam from a
monochromatic source is divided into two coherent beams by partial reflection and
refraction (at semi-silvered glass plate) and made to reunite or superimposed after
traversing two different optical paths.

Construction: Michelson interferometer consists of two highly polished plane mirrors
M: & M, a semi silvered glass plate & a glass plate D. The mirror M, is fixed whereas
the mirror M, is movable. The semi silvered glass plane is called<{beam splitter" & is

inclined at an a lative to the incident light bea w‘* e D which is
identical to thg&(&}lﬁn as “Compensating plate”. Its{Ugp0dSe is to ensure that the
light rays pas ame thickness of ‘

Working: Wh of monochromatic

falls on semi silfﬁB o its i

light passes thraug mi silver surface

through the compensating plate D & finally f&

MﬂHEM‘“ s

The two rays recomt
which can be viewed

It passes
surface o

Equation for wave
rays will interf uctively & brightness is

through one quarter the wave length of light, i.e, % (% + % = E) as compared to ray 1. Both

rays will interfere destructively & darkness is seen. If M5 is further moved away through
M4i.e, N2 from original position, the path difference between rays 1 & 2 will become
(M2 + M2 = A). Both rays will interfere constructively & brightness is seen. Thus by
moving mirror M, through M2 each time, alternate bright & dark fringes can be seen.
The bright fringe will be obtained if the mirror M, is moved through A2 each time.

If for the "m" brightness the mirror M, moves through displacement “x” then
X =mA2
A =2x/m
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@. hrough a crystal

4. Describe the procedure of the diffraction o
experiment. Jw)r

Ans)

Setup: In 191 Laue realized that
crystal make a perf ing for X-rays. The
ustot

atoms is analog egular spacing G

crystal is mw ional grating (as app!
use for vi i Fﬁ;oi/ S
HEN

Crystal structure of
NaCl (Rock salt).
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Working: When a beam of x-rays passes through the crystal, the x-rays are scattered
in all directions by the atoms. The x-rays scattered in a particular direction from different
atoms interfere with each other. In certain directions they interfere constructively, giving
maximum intensity in those directions Photographic film records those directions as a
collection of spots for a single crystal as shown in Fig below.

Spots formed by

diffructed X-rays
F 0 n diffraction patte]

central spot cret
m not scat
*

---

observe.

pattern is 1. 80 cm. tis
Data:
A =690 0x10"°m

L=3.30m
Ax=1.80cm=1.80x102m

d=2
Solution:
1.80 x 10?2 = %3 X 6900 x 10™1°

d=1.265x 10*m
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2. A Michelson interferometer is adjusted so that a bright fringe is appeared on
the screen. As one of the mirrors is moved 25.8 micrometer, 92 bright fringes are
counted on the screen. What is the wavelength of light used in the
interferometer?

Data:

X = 25.8 micrometer = 25.8 x 10° m

m =92
A=7?
Solution:

%)
- JOIN ~
A =560
3._In section 1lfxusnied_ interference '
at a ioost V. , -
.meMERE!II

[ . ”’- acts are
typically see interference pa when looking
glass is optically flat ahd smooth. Interferencelo
the wavelength ofg

4. Newton's ri ormed by the light of 400 nr [ ne tr
change in air film,thickness between the third and S|xth brlght frlnge If the radius
of curvature of the curved surface is 5.0m, what is the radius of third bright
fringe?

Data:
A=400 nm =400x10°m
At = ? (between the third and sixth bright fringe)
R =5.0m

N="7?
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Solution:
2ty = (M +=) A

For third bright fringe
2t3 = (2 +) X 400 x 10°
t3=5x10"m

For sixth bright fringe

2t = (5 += )x400x1o9

o

At=11x10%-5x10"=6x10"m=

R< 31
MORET!

HE N

r=2.236x10"m = 2.236

5.As ilm has an i ion n¥1.
light.

(a) At a spot Where thickness is 910. g
in the reflected li
(b) Which wav hs are strongest in the visible light?
Data:
n =1.50

t= 910.0nm=910x10°m

(a) Wavelengths missing in the reflected light = ?
(b) Wavelengths strongest in the visible light = ?
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Solution:

(@)

The expression for the wavelength of light in the film is mentioned below:
_A

A=~
The missing wavelength will be calculated by using the condition of destructive

interference, and as the wave is going under phase change due to reflection so the
equation for path difference in this case of destructive interference will be:

2t=m k—> (1)

Put As = % inin equation (1
)OI
In order to find issing wavelengths, we
For the value o;F ﬁsﬁ
2( 1 N
JUORENL S

the value of m = 2:

1.
A = 1.365 x 1@1365 nm

For the value of m

A
2(910x 10%) = (3) (-5)
A=91x10"m =910 nm

For the value of m=4:
-9 A
2(910x107) =(4) (E)

A=6.825x10" m = 682.5 nm = 683 nm
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For the value of m=5;
2 (910 x 10°%) = (5) (=)
A=5.46x 10" m =546 nm
For the value of m=6;
-9 A
2(910x107) = (6) (-3)
A=455x10" m =455 nm

(b)

For strongest wavelengths, we will use condition of constructiv@ference in this case
ie.

2t=(m

Put As = |n|n efﬂ H

2t—(m+—)—

iR

2(910x10°) = (1+5)

1
3"

For the value of m=2;

1, A
2 (910 x 10 )=
A =1.092 ®m =1092 nm
For the value of m=3:
O\ _ 1, A
2(910x107) = (3+) -
A=7.8x10"m =780 nm

For the value of m=4:

O\ _ 1, A
2(910x 10 )_(4+E)E
A =6.07 x 10" m = 607 nm
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For the value of m=5:

O\ _ 1, A
2(910x107) = (5+) -
A=4.96x10" m =496 nm

For the value of m=6:

O\ _ 1, A
2(910x10°) = (6 +) -
A=42x10"m =420 nm

6. What is the difference between deviation and diffraction? What do diffraction
and interference have in common?

Ans) DiffereWMn deviation and diffractiol @
Aspect Deviation P\

N
Definition Change in the direction offs 5,38 il
from one medlum n »J He

Cause by changes in the
(‘%i. ave,du
dice
Occurrence Happens whenla wave cr

boundary,betweert "

differeg ok ndices

Y 4

Examples L ding when passi rom ai
o glass, causing refractig when passing throug
narrow slit, creating a

diffraction pattern.

Mathematical Important in optics, such as in the Widely used in various
Laws design of lenses and prisms. scientific and engineering
applications, including the
study of wave behavior,
microscopy, and the design
of diffraction gratings.
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Diffraction and interference have in common:

1. Wave Nature: Both diffraction and interference are manifestations of the wave
nature of light and other types of waves. They cannot be explained by particle-
like behavior.

2. Superposition: Both phenomena rely on the principle of superposition, which
states that when two or more waves overlap in space and time, their amplitudes
add together at each point, resulting in a net wave amplitude.

3. Interference Patterns: Both diffraction and interference can produce
characteristic patterns of alternating bright and dark regions. These patterns
result from the constructive and destructive interference of wave amplitudes.

4. Wavelength Dependency: Both phenomena depend on the wavelength of the
waves involved. The extent of diffraction and the spacing @terference fringes

are directly related to the wavelength of the waves.

5. Wavefro n: In both cases, it's the interagti @N
tothe o s. ‘

avefronts that leads

11. Describe what happens to a single slit gdiffractidn
slitis slowly d
Ans) As the \/En single slit is gte

experiment:

. Th igas(sm
become wider and less in

ome secondary maxi

between maxima.
5. The ability to i
spread out.

12. The diffra tern from a single slit of width 0.020 mm Is viewed
screen. If the screen is 1.20 m from the slit and light of wavelength 430 nm is
used. What is the width of the central maximum?

Data:
d = 0.020 mm = 0.020 x 10° m
D=1.20m
A =430 nm =430x 10°m

Width of central maximum = ?
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Solution:

2AD

Width of central maximum = 4

2(430x1079)(1.2)
0.020x 1073

Width of central maximum =

Width of central maximum =0.0516 m =5.16 cm

13. A grating has exactly 8000 lines uniformly spaced over 2.54 cm and is
illuminated by light from a mercury vapor discharge lamp. What is the expected
angle for the third order maximum of the light of wavelength 546 nm.

Data:
N = —2292 ]nﬁo.es lines/m é
A= 546rrﬁ“10 m

Solution:

0=31°

14. How many lines per centimeter are there in a grating which gives 1% order
spectra at an angle of 30° when the wavelength of light is 6 x 10° cm?

Data:
N=7?
m=1
0 =30°

A=6x10°cm=6x10"m
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Solution:
m A =d sinB
(1) (6 x 107) = d sin 30°
d =1.2 x 10° m/lines

=1- - 3333333333 lines/m = 223333388

= T30 oo~ 8333.333lines/cm

15. Light of wavelength 450 nm is incident on a diffraction grating on which 5000
lines/cm have been ruled. Determine

(i) How many orders of spectra can be observed on either sidg of spectra?

(ii) Determine t rresponding to each order.
Data: 0 e" v

4
A = 450 nm = 450 x 10° m ¢

N = SOO(Fen 500000 lines/m

() m=?

- MORET

Solution:

m A =d sinB
m (450 x 1 x 10°) sin 90°

m = 4.444=

m A =d sinB

For first order:
(1) (450 x 10°) = (2 x 10®) sin®
0=13°

For second order:

(2) (450 x 10°) = (2 x 10°) sind
0 =26.7°
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For third order:
(3) (450 x 10°) = (2 x 10®) sin®
0=425°

For fourth order:
(4) (450 x 10°) = (2 x 10®) sin®
0=64.2°

16. Why does a crystal act as a three dimensional grating for X-rays but not for
visible light?

Ans) A crystal acts as a three-dimensional grating for X-rays t@for visible light

because of the i e in their wavelengths. X-rays hé ch shorter
wavelengths i h the crystal lattice through.B acti
distinct diffract ue to the crystal' iodi §

longer Wavelen’i?s, interacts differently with ¢

dispersion but n patterns.

17. A beam of X¢r avelength 0.074. ¢
rock salt with distance between the atop

~"MOREINT-Q

A =0.071 nm = 0.071

>’ <</
Solution:

2dsin®=mA
2(1.98 x 1019) sin 6 = (2) (0.071 x 10®)
0=21°
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18. Unpolarized light |, passes through two polarizers in turn with polarization
axes at 45° to each other. What is the fraction of the incident light intensity that is
transmitted?

Data:

0 =45°

Fraction of the incident light intensity that is transmitted = ?
Solution:

Since through first polarizer, intensity will get halved. Hence, light incident on second
polarizer will have intensity ’;" Through the second polarizer, intensity will decrease by a
factor of cos? 6. Hence intensity after passing through second @er is

1 1
corrg -4
2 4
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Unit #14: Communication
Section (A): Multiple Choice Questions (MCQ)

1. In Radio and Television broadcast, the information signal is in the form of:

a) analog signal b) digital signal
c) Both analog & digital signals d) neither analog nor
digital signal

2. A communication channel consists of:

a) transmission line only b) optical fibre only
c) free space )

on
3. Voltage singgaIa“by a microphone S
a) digital in nat
c) hybrid in natI 0 n

a) higher

c) lower
5. The

a) transmission

C) reception '
6. What is the y range of signals that can be transmitted in case of twisted pair

of wires?

a) 10MHz to 15MHz b) 5SMHz to 10MHz

¢) 100Hz to 5MHz d) 10Hz to 100Hz

7. The maintenance of a satellite’s orbital position is called:

a) maintenance keeping b) station keeping

c) station maintenance d) attitude control
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8. Process of mapping the sampled analog voltage values to discrete voltage levels is
called:

a) sampling b) sampling frequency

C) quantizing d) encoding

9. AM is used for broadcasting because:

a) It requires less transmitting power compare with other systems

b) It is more noise immune than other modulation system

¢) No other modulation can provide the necessary hand width faithful transmission
d) Its use avoids receiver complexity @

10. Data in codaoilc“tored in the form of

a) analog signal

C) noise F 0 n
KEY:

CRQs:

1. A male voice after ulation-transmiss
receiver. Giv a

Ans) A male voiceésmay sound like a female voice after modulation and transmission
due to various factors. These include frequency shifting, bandwidth limitations,
equalization and filtering, signal loss, noise, and receiver characteristics. These factors
can alter the voice's pitch and spectral characteristics during the transmission process,
leading to a perceived change in gender.

2. Why is an AM signal likely to be more noisy than a FM signal upon
transmission through a channel?

Ans) An AM (Amplitude Modulation) signal is more likely to be noisy than an FM
(Frequency Modulation) signal during transmission due to AM's sensitivity to amplitude—=
variations and noise. AM encodes information in signal strength, making it vulnerable to
noise-induced amplitude changes, leading to audible static. FM encodes information in
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signal frequency, which is less affected by amplitude variations, resulting in less
noticeable noise and better signal quality.

3. Write 5 differences between analog and digital transmission.

Ans)
Aspect Analog Transmission Digital
Transmission
Representation Uses continuous signals, Uses discrete signals
varying in amplitude and represented by binary digits
frequency. (Os and 15s).
Signal Quality Prone to signal degradation and | Resistant to signal
noise interference during degradation and noise; can
transmission. b ctly reconstructed if
: ccur.

Bandwidth Eﬁdr:a_mss efficient in ter
andwidth utilizatio

ore bandwidth for
& [linformation.

Ease of Processing L \nalog signals are
challenging to pra

ﬂ late, and
l i quaity Yoss
Error Corfectio ieult to-Correct e

analog ‘!ll\.-
_—

_—

7

4. Define core and @g. On what principle f %
Ans) Core: The ISvthe inner part of the . ,
the light to pa it. The core region has the highest refractive index in

optical fibre. The'egre is made up of Glass or Plastic.

Cladding: Cladding is the substance that is covered over the core of the optical
fibre. It has a lower refractive index while compared to the core of the fibre. The
cladding of the Optical fibre is made up of Glass / Plastic.

Principle of optical fibre: The fibre optic networks mainly work on the principle of
total internal reflection. Here, the incident angle should be more than the critical angle.
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5. What is a Digital Communication System? Why it is advantageous to use digital
communication over analog communication?

Ans)

Digital Communication System: A Digital Communication System is a system
that transmits and receives information or data using discrete, quantized values,
typically represented as binary digits (Os and 1s).

Advantages of digital communication over analog communication:
Digital communication offers advantages over analog communication due to its
resistance to noise, error correction capabilities, bandwidth efficiency, ease of
processing, versatility, compatibility with modern technology, and enhanced security. It
enables reliable, high quality data transmission and supports a wide range of

applications, m referred choice in modern telecg tions and data
transmission.
6. Give 5 advantages tellite communicati

" satl)
1. Global : Satellites can4®Vide

any location on Earth including re

Hmm

Rellablllty Satelllt

unlnterrupte
4. Scalability:
Quick D
deployed.in s affected by natural disasters-omemergen i iding instant
commun and connectivity.

7. Write advantages and disadvantages of frequency modulation.

Ans)
Advantages of Frequency Modulation (FM):

1. Better Signal Quality: FM offers higher signal quality compared to amplitude
modulation (AM).

2. Resilience to Amplitude Variations: FM is resistant to amplitude
variations in the carrier wave, making it less affected by interference and ——7
changes in signal strength during transmission.
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3. Bandwidth Efficiency: FM signals are more bandwidth-efficient than AM
signals.

4. Low Noise Reception: FM receivers can provide low-noise reception,
enhancing the overall listening experience, especially in FM radio broadcasts.

5. Applications in High-Frequency Communication: FM is commonly
used in applications like VHF (Very High Frequency) and UHF (Ultra High
Frequency) radio, aviation communication, and high-quality audio broadcasting.

Disadvantages of Frequency Modulation (FM):

1. Large Bandwidth Requirements: FM signals require a relatively wide
bandwidth to transmit compared to some digital modulation techniques.

2. Complexity of Receivers: FM receivers are more complex and costly to
manufacture.co d to AM receivers.

3. SuscedtuiﬁMultipath Interference: IpCertair environments, FM
signals riefAce multipath interf@rence, w ";‘\51.-1: als bounce off obje
and arrive at the receiver through multiple paths. " F meallSe Al distortic

4. LimiteP FM signals, especiall Kr:} A0 03 h
relatively Heﬂge compared to lowerfregue AV, SI0

5. Less Sint r Digital Data . SS9 hilesV is; exgellent f

ed
8. What [

. Susceptibility to Noj
susceptible togoise and interference.

2. Inefficie '
transmit.infogmation.

3. Limite uency Response: AM has a limited frequency response,
which means it can transmit only a certain range of audio frequencies.

4. Low Power Efficiency: In AM transmission, a significant portion of the
transmitted power is used to transmit the carrier wave, which carries no useful
information.

5. Cross-Modulation and Intermodulation: In AM broadcasting, strong
signals from nearby stations can interfere with each other through cross-
modulation and intermodulation effects. This can result in unwanted signal mixing
and distortion.
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ERQs:
1. What is modulation? Why it is needed for the transmission of signals?

Ans) Modulation: Modulation is a fundamental technique used in
telecommunications and signal processing to transmit information or data over a
communication channel.

Need of modulation for transmission of signals: Modulation is essential for
the transmission of signals in communication systems for several important reasons:

1. Efficient Use of Spectrum: The electromagnetic spectrum (the range of
frequencies used for communication) is a finite and valuablg resource.

Modulation allows multiple signals to share the same sp m without interfering
with eac r gDi to allocate and
utilize aﬂﬂ ency bands efficiently.

2. Comp h Transmissic L issi ia
(e.g., air, cables, optical fibers) have di |
Modulati ignals to be adaptet

transmis , optimizing signal t
Signal Pro ion: Modulatio i

thr h a transmission m dium‘F
ca r i t’i
en agat

stanc
4. Information Encoding;

signal demo tion, which allows rece

informat urately.

6. Signal Multiplexing: Modulation techniques enable multiplexing, where
multiple signals can be combined and transmitted simultaneously over the same
channel. This is crucial for applications like broadcasting and network
communication, where multiple users or services share the same transmission
medium.

7. Signal Security: Modulation can be used to encrypt or secure information
during transmission, providing privacy and protection against unauthorized
access or tampering.

8. Noise Tolerance: Different modulation techniques offer varying degrees of
tolerance to noise and interference. Some modulation schemes are more robust—~

in noisy environments, ensuring reliable communication even when the signal is

degraded.
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9. Adaptability: Modulation techniques can be adapted to suit different
communication needs, ranging from simple analog voice transmission to complex
digital data transfer, making them versatile for various applications.

2. How many types of modulation are there? Explain each type of modulation in
detail.

Ans) Types of modulation: The Analogue Modulation which is largely divided into
two major Types

1. Amplitude Modulation
2. Angle Modulation

1. Amplitude Modulation: It is the type of modulation in Wh%’ the amplitude of the

carrier signal is varied in proportion to the message signal wh e frequency and
phase of the cﬂa l tant. Television
Example: Broadcas example of AM.

FOR
MORE

‘L““k I = Amplitude

2. Angle Mogdul N: Angle modulation iSvasmeduiationstechnic
telecommunica encode information onto a carrier wave by varying the phase or
frequency of the carrier signal.

Example: FM radio broadcasting is an example of angle modulation.
The Angle modulation is further divided into two main types:

1. Frequency Modulation
2. Phase Modulation
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1. Frequency Modulation: It is the type of modulation in which the frequency of
the carrier signal varies in proportion to the message signal and the amplitude of a
carrier wave remains constant.

Example: Cellular communication is an example of FM.

Amplinde Message Signal

\/ \/ Time
Carrier Signal

R

TV
SO e 2

Amplitude

telecom ieati i ationeis
wave in r e [ e van
HENE

Example: In Binary Phase-Shi

PM

3. What is A/D conversion? Explain sampling, quantizing and encoding involved
in A/D conversion in detail.

Ans) A/D conversion: A/D conversion, or Analog-to-Digital conversion, is the
process of converting continuous analog signals into discrete digital values. There are™
three processes involved in conversion of Analog to Digital signals:
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1. Sampling: This is a process of inspecting the value (voltage) of an analog signal at
regular time intervals. The time between samples is referred to as the sample period (T,
in seconds), and the number of samples taken per second is referred to as the sample
frequency (fs, in samples/second or Hz).

Sample points

Sample period

W time (secw

Sample frequency

JOIN

The receiver m the bits it receives
what it thinks th B\B nal looks like fro
than the Nyquis rate (also called

= 2fmax, Where frax is the highest frequenc

dlstortlonMﬂﬂ E1f' 'om

the table
HEN

Amplitude (V)

0-20 kHz

0-20 kHz DVD
Quality

2. Quantizing: Quantizing is the process of mapping the sampled analog voltage
values to discrete voltage levels, which are then represented by binary numbers (bits).
For example, if a sine wave of amplitude 1V is being sampled, the sample values could
be between -1V and +1V... an infinite number of possibilities. However, only a finite
number of values can be used to represent the samples. Converting a sample value.
From infinite possibilities to one of a finite set of values is called quantization. These
values are referred to as quantization levels.

An N-bit A/D converter has 2" quantization levels and outputs binary words of length N.
For example, a 3-bit A/D system has 2° = 8 quantization levels, so all samples of 1V
analog signal will be quantized into one of only 8 possible quantization levels and each
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sample will be represented by a 3-bit digital word. In general, the A/D converter will
partition a range of voltage from some Vi, to some Vpmax into 2N voltage intervals, each
of size q volts, where

— Vmax— Vmin
q - 2N

3. Encoding: After quantization samples are converted to N-bit binary code words.
For the first sample point at time 0, the voltage is 0.613 V, which means that sample is
assigned a binary value of 110.

The A/D then creates a voltage signal that represents these bits. The binary
representation of the above signal is:

110 101 100 011 011 100 110 110 100 010 OO0 000 Oé
In this example, le produces 3 bits (3 bits/samplée] sample rate was
2000 samples te (Ra) producedgire IS ar

L
sample

R 6000 bats/sec (bps)

Bit rate is the speed of transfer of data giv

Digital wo ' ' '
this voltag

T R e e R

Wir forimanis)

Coding Waveform

4. Define communication channel. How information carried through UTP, STP and
Coaxial cable? Write their advantages and disadvantages.

Ans) Communication channel: A communication channel is a medium or
pathway through which data or information is transmitted from a sender or source to a

receiver or destination.
\__2

Information carried through UTP: Information is transmitted through Unshielded
Twisted Pair (UTP) cables by encoding data into electrical voltage levels (usually binary
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Os and 1s). These voltage signals are sent over the twisted pairs of copper wires within
the UTP cable. At the receiving end, the signals are detected, decoded, and processed
to recover the original data. UTP cables are commonly used for Ethernet networking
and other communication applications.

Advantages of UTP Cabling:
1. Cost-effective.
2. Flexible and easy to install.
. Widely available and compatible.

3
4. Simple termination with RJ-45 connectors.
5

. Suitable fgr sho edium distances.
Disadvanta l"Cabling:

1. Susceptible to electromagnetic and rac

2. Limited signal attenuatio

are sent over pairs of gfWisted copper wires withi
cables is the presen shielding that protecis|@
(EMI) and minimiz

decoded, and : y used in
networking applications, providing enhanced protection against external interference

compared to Unshielded Twisted Pair (UTP) cables.
Advantages of STP (Shielded Twisted Pair) Cabling:

Excellent resistance to interference (EMI/RFI).
Enhanced signal integrity and reliability.
Better security against eavesdropping.

Ideal for high-interference environments.

Disadvantages of STP (Shielded Twisted Pair) Cabling:

1. Higher cost than UTP cables.
2. More complex installation with grounding requirements.

NP
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3. Less flexibility and bulkier.
4. Limited bend radius may affect installation.
5. Compatibility issues with some equipment.

Information carried through Coaxial Cable: Information is transmitted through
a coaxial cable by encoding it into electrical signals, which are sent along the cable's
inner conductor. Coaxial cables have multiple layers, including insulation and a metallic
shield, which protect the signal from interference and loss. At the receiving end, the
signals are processed and converted back to their original form. Coaxial cables are
commonly used for cable television, broadband internet, and telecommunications due to
their ability to efficiently transmit high-frequency signals and support two-way
communication.

Advantages of Coaxial Cable: é

1. High ban city.

2. Effectiv i ainst interference
3. Suitable for longer distances.

4. Durable f use.

5. Enhance rifyragainst eavesdropp

Disadvantages of Coaxial Cable:

1. Bu | l’l
2. C .-d-er i
3. Limited bend radius.

Potentially higher cos

5. uited i iong. -
o
5. What is optical Fibfe? How information ¢a in %&
advantages of usin tical fibre over other €o i!i ﬂr!channﬂ. -

Ans) OpticalgRibres Optical fiber, often refe
fiber," is a techn used for transmitting data, including voice, video, and digital
signals, as pulses of light through strands of very pure glass or plastic fibers.

Information carried out through optical fibre: Information is carried through
optical fiber by modulating light signals to represent digital data (Os and 1s). These light
signals are generated by a light source, pass through the optical fiber, and are received
at the other end by light-sensitive detectors. The detectors convert the light signals back
into electrical signals, which are then processed to retrieve the original information.
Optical fiber offers high-speed, low-loss, and secure data transmission over long
distances, making it a vital technology in modern telecommunications.
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Advantages of using optical fibre over other communication
channels:

1. Twisted-Pair Cable (UTP): Optical fiber offers significantly higher
bandwidth, longer-distance transmission, and immunity to electromagnetic
interference, whereas twisted-pair cables are susceptible to interference, have
limited distance, and lower bandwidth.

2. Coaxial Cable (e.qg., for Cable TV): Optical fiber provides higher
bandwidth, lower signal loss over distance, immunity to EMI/RFI, and enhanced
security. Coaxial cables are bulkier, less flexible, and more susceptible to
interference.

3. Radio Waves (Wireless Communication): Optical fiber has lower

latency, higher bandwidth, and superior security compa@\;vireless

| attenuation, and

communigatien. io waves are subject to interfere
security r
4. Micro owave Trans 0N ). Opfical fiber offers lower sighal

loss, better security, and greater data capacity th Y Qe i

Microwa perience interferenge “ .h atl F -i oiﬁ
5. Satellitmvﬂmication: Optical f ides,Jowertatéhd
bandwidth, afnd immunity to atmosphe

rf ge."Satellite;eoOminunication
may suffer from higher latency, limited bamth w stSceptibilitylto Weathe
* L
ORENT Sl
\ .
6. What poment :

- eﬁ.‘ii
.

in a2 satellite. Explain three or
Ans)
Il
1. Payload: Thé p on@érs
and antenn onders receive s i
them, and r smit them to different

transmit ceive signals.
2. Bus or Spacecraft Bus: The spacecraft bus provides support and
infrastructure for the satellite's operation. It includes subsystems such as:
e Power System
e Thermal Control System
e Communication System
e Attitude Control System
e Onboard Computer
3. Solar Panels: Solar panels capture sunlight and convert it into electrical
power to operate the satellite's systems and payload.
4. Antennas: Communication satellites have specialized antennas for
transmitting and receiving signals to and from Earth-based stations.
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5. Telemetry and Control (T&C) Subsystem: T&C subsystem includes
sensors, transmitters, and receivers to collect data about the satellite's status and
performance and to communicate this data with ground control.

6. Command and Data Handling (C&DH) Subsystem: C&DH subsystem
includes the onboard computer, memory, and data interfaces for processing and
storing data, as well as executing commands received from ground control.

Communication through Satellite:

1. Signal Reception: Communication begins with the reception of signals from
Earth-based sources. These signals can include television broadcasts, internet
data, voice communication, or other types of data.

2. Signal Processing: Within the payload, the received sign§ are processed to

improve their quality and to ensure they are at the appr frequency and
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collect
transmittedto ground control stations through the communlcatlon I|nk Ground
control stations use the data to monitor and control the satellite's operations.

Orbits of a satellite: Satellites can be placed in different orbits depending on their
intended mission and purpose. Here are explanations of three common satellite orbits:

1. Low Earth Orbit (LEO):

e Altitude: LEO satellites orbit at altitudes ranging from approximately 160
kilometers (100 miles) to 2,000 kilometers (1,240 miles) above the Earth's
surface.

e Characteristics: LEO is the closest orbit to Earth. Satellites in LEO ~—__=
typically travel at high speeds and complete an orbit around the Earth in
roughly 90 minutes. Due to their proximity to Earth, LEO satellites have
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low latency, making them suitable for applications requiring real-time
communication and observation.

e Applications: LEO orbits are commonly used for Earth observation
satellites, including those for weather forecasting, environmental
monitoring, and remote sensing.

2. Medium Earth Orbit (MEO):

e Altitude: MEO satellites orbit at altitudes between approximately 2,000
kilometers (1,240 miles) and 35,786 kilometers (22,236 miles) above the
Earth's surface.

e Characteristics: MEO is situated between LEO and geostationary orbits.
Satellites in MEO have longer orbital periods compared to LEO satellites
but shorter than those in geostationary orbits. They take several hours to

complete an orbit.
Applications: MEO orbits are often used for navi and global

kil rs(22,236 miles) above
e C ics: GEO satellites
Earth makes them appead
the Earth's surface. This geo
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communication.
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