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VECTORS AND EQUILIBRIUM

SCALARS:

A scalar is a physical quantity that has only magnitude, no
direction.

EXAMPLES:
o Length o Heat
o Mass o Entropy
o Time o Pressure
o Temperature o Luminous intensity
o Speed o Amount of
o Energy substance
o  Work
NOTE:

Electric current has direction but is a scalar because it does
not obey vector algebra.

VECTORS:

A vector is a physical quantity that has both magnitude and
direction and follows the laws of vector algebra.

EXAMPLES:
o Displacement o Momentum
o Velocity o Impulse
o Acceleration o Torque
o Force o Angular momentum
o Weight o Angular velocity
o Thrust

VECTOR NOTATION:
o In books: Boldface letters (e.g., A, F, v)

o In handwriting: Arrowed letters (e.g., A, F,7)
o Magnitude written as: A = |A|

VECTOR REPRESENTATION:
o  @rapbhically: Straight line with an arrowhead
o Length o< magnitude
o Arrowhead shows direction

TYPES OF VECTORS:

o Null/Zero Vector: Magnitude is zero, direction is
arbitrary

o Unit Vector: Magnitude = 1, indicates direction

only

Equal Vectors: Same magnitude and direction

Parallel Vectors: Same direction

Anti-parallel Vectors: Opposite direction

Perpendicular Vectors: Angle = 90°, dot product =

0

6 S o [ & R
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© Position Vector: Vector from origin to a point
o Resultant Vector: Vector sum of two or more
vectors

Vectors are added by head to tail rule
Graphically vectors are added by head to tail rule.
“According to this rule vectors are drawn in such a way that
head of first vector coincides with the tail of second vector.”

PROPERTY DESCRIPTION
G i T e
ommutative Bl B
Law

Associative Law A+(B+O)=(A+B)+C
Only vectors of same physical
quantity can be added (e.g., force +

force)

Only Same Type
Add

RESULTANT VECTOR:

The sum of two or more vectors is called resultant vector.
OR “A single vector that has the same effect as two or more
vectors acting together.”

PROPERTIES:
o Max when vectors are in same direction:
R=A+8B

o Min when vectors are opposite: R = |A — B|

o If three vectors form a closed polygon (cyclic
order), their resultant is zero.

o Resultant of two equal vectors cannot be zero.

o Resultant two vectors having equal magnitude but
opposite direction is zero.

Sk

e v 65 58 $rss magnitude K vectors 02/

F

B r g ]
_ r:l”maglmudc §Resultant

R = /A% + B2 + 2ABcos#

EXAMPLE:
The resultant of two direction perpendicular vectors having
magnitude 5 and 12 is

R =,/(52+ (12)% + 2(5)(12)cos90
=25+ 144 = V169 = 13

- - o W5 ST ;
Ly #60 be~l¢'g‘;:;_; ,':!L‘!limgl‘ll[udc Llrnrs)

@ = & g V4
AL PO R llliiglllllldc Fresultant
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SUBTRACTION OF VECTORS:
The subtraction of a vector is equivalent to the addition of
same vector with its direction is reversed.

/‘E-fu_f/( reverse )/ direction L,(Ji%xt/ subtract ,( vcctoru’?

-2/ add Ut vector & 13 “head to tail rule”

Component of a vector in any direction is its effective value
in that direction.

Components of a vector which are perpendicular to each
other are called rectangular components.

Let a vector A make an angle 8 with the positive x-axis.
Then it can be resolved into:

-

A, = Acosfl  (X-component)
Ay = Asing  (Y-component)
So, the vector can be written as:

A= A0+ Ayj

If components are given:
A, = Acosb, Ay = Asin@
Then,

e  Magnitude of 4

A= {AEJ—A;

e Direction (angle with x-axis):
A
- =1 f ")
8 = tan (A )

X

VECTOR ADDITION BY
RECTANGULAR COMPONENTS

Resolve each vector into x and y components.
Add all x-components: R, = YA,
Add all y-components: R, = ¥4,

Resultant: R = /RZ + R}

Direction: 8 = tan™"(R, /R,)

0O 0 © 0O

SCALAR MULTIPLICATION OF A VECTOR
Scalar multiplication means multiplying a vector by a real
number (scalar). The result is a new vector whose
magnitude changes, but the direction may or may not
change, depending on the sign of the scalar.

If 4 is a vector and n is a scalar:
B=nA
e Ifn > 0: Direction of B is same as A
e Ifn < 0: Direction of B is opposite to A
e Ifn = 0:F becomes the null vector (zero vector)

~ N TR DA PR SNT PSSR RS

DEFINITION:

The scalar product (also called dot product) of two vectors
is a number (scalar) obtained by multiplying their
magnitudes with the cosine of the angle between them.

Mathematical Formula
If A and B are two vectors making an angle 8 between
them:
A-B = ABcos@

Where:

s A= |§! = magnitude of vector A
e B = |B| = magnitude of vector B
# = angle between Aand B
Result is a scalar (number)

Dot product gives the product of one vector’s magnitude
with the component of the other vector in its direction.

COMPONENT FORM:
If:

A=Ad+Aj+Ak, B=B,i+B,j+Bk
Then:

A B =AB,+AyB, +A,B,

EXAMPLES:
PHYSICAL QUANTITY FORMULA
Work W =F -d = Fdcoso
Power P=F.%
Electric Flux o, =E- A
Magnetic Flux ®,=F-A
CHARACTERISTICS:
PROPERTY RULE
Commutative A B=B.A

Distributive A B+)=4A-B+A.C

Scalar Output Always gives a number, not a
vector

Perpendicular If @ = 90°, then cos90° = 0 > 4 -

Vectors B=0

Parallel Vectors Dot product is maximum, 8 = 0°
>A-B=4AB

Self Dot Product A-A= A2

ANGLE BETWEEN TWO VECTORS:
If:
A-B = ABcos# L0 {7
. — | — — —
cosfl = cos 1B Ccos B
Use this formula to find angle between two vectors.

MDCAT PHYSICS
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NOTE:

s Dot product = scalar

®  Only parallel components multiply

e Zero result means perpendicular vectors

e Used in work, flux, and angle calculations
Definition

The vector product (also called cross product) of two
vectors is a vector obtained by multiplying their magnitudes
and the sine of the angle between them. The result is a
vector perpendicular to the plane of the two original
vectors.

Mathematical Formula
If A and B are two vectors making angle 6:
A x B = ABsinf fi
Where:
e A= |fi.'|, B = |B| are magnitudes
e @ isthe angle between 4 and B
e fiisa unit vector perpendicular to the plane of A
and B
e Theresultis a vector

RIGHT HAND RULE:
s Point fingers in direction of A
e Curl fingers toward B (through smaller angle)
e Thumb points in the direction of resultant vector

AXB

S
[T

Magnitude:

|f_1' x B| = ABsiné
e Maximum when 8 = 90°
e Zerowhen & = 0° or 180°

Vector Product in Determinant Form
A=Ad+Aj+Ak B=Bi+Bj+Bk

Then:

t ]k

A, A, A4,

B, B, B,

AxB =

EXAMPLES:
QUANTITY FORMULA
Torque f=FxF
Angular Momentum L=Fxp
Magnetic Force F=qixB
Tangential Velocity V=Xt
CHARACTERISTICS:
PROPERTY RULE

Not Commutative

A‘X§=—(§x§)

Distributive

Jx(§+f)=ﬁx§+@xf

Zero Result If vectors are parallel or antiparallel

Max Result

If vectors are perpendicular
Self Cross Product =10

Unit Vectors s iwlk=i kxi=j}
EXAMPLE:
Let:
A=t+j, B=i-j
Then

So:

NOTE:
e (Cross product = vector

e Direction = perpendicular to both

e  Use right-hand rule

e Common in torque, magnetism, angular motion
REMEMBER:

e Scalar + Vector = X (Not valid)
Vector + Vector = Vector
Vector — Vector = Vector

Unit vector: magnitude = 1

Dot product — scalar

Cross product — vector

s ® @ ® @

MDCAT PHYSICS

By AZHAR IQBAL 0336-7098894



MEDAIDPK.COM

Your Ultimate Partner for MDCAT, NUMS &
MBBS Professional Exams

want Explanation With Each Question???

Click Here To Solve Tests/MCQs/Past
Papers For Free On Our Website :
MedAidPK.com

scan to visit Website

What You Will Get?

Explanation For Each and Every MCQ E
Real Time Exam Experience
More Than 25,000+ MCQs scan this QR code

Results : Test Yourself and Get
Instant Result

Review Your Mistakes
Bonus Talks:

* NUMS/FMDC/MDCAT Past
Papers (Solved with

= Home MDCAT Aggregate Calculator All Boards Textbooks Courses MDCAT Past Papers
EXplanatlons) 2012-2025 * All MBBS Textbooks iz;:ei'l’heTearr\ AboutUs Contact Us
« CMC MBBS Past Pa pers With Med Aid: Empower your medical journey with excellence.
Sa bye to stress and embrace success with Med Aid, desi to advance your MDCAT and MBBS
E X p | a n a t I O n S E!ri;ggion:dmz gap between leaming and understanding with a scl;!f.l?:nd crafted s.'.p::ially for MDCAT aspiranlt
MBEBS students.
« Chapter-Wise & System-Wise

Study Material
* OVER 200+ Medical Books \
o ALL MDCAT PREP BOOKS

» MedAid Free MDCAT Weekly
Test Series : N

CLICK HERE MEDAIDPK.COM

m MEDAID.CONTACT@GMAIL.COM - +92 333 1617207


http://medaidpk.com/medaid-courses
https://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/

FLUID DYNAMICS

LUI . 2% The study of the motion of
fluids is called fluid dynamics.

.2 Afluid is a substance that can flow and take
the shape of its container.

TYPES OF FLUIDS:

e Liquids (water, oil etc.)
o Gases (Air, steam etc.)

Fundamental Equations of Fluid Dynamics
1. Equation of Continuity (conservation of mass)
2. Bernoulli’s Equation (conservation of energy)

VISCOSITY:

The frictional effect between different layers of a flowing
fluid is called viscosity.

COEFFICIENT OF VISCOSITY:
e Denoted by the Greek letter n (eta)

® Sl Units:
Kgm™:s7!, N-sm % orPas
TYPES OF VISCOSITY:
VISCOSITY
TYPE BEHAVIOR | EXAMPLES
: Glue, Honey,
High Viscosity e doe‘s i Thick tar,
flow easily :
Glycerine
Low Viscosity Fluid flows Air, Water,
easily Alcohol
Viscosities of Liquids and Gases at
30°C
Material Viscosity 10 (N s m~2)
Air 0.019
Acetone 0.295
Methanol 0.510
Benzene 0.564
Water 0.801
Ethanol 1.000
Plasma 1.6
Glycerin 6.29

MDCAT PHYSICS

Effect of Temperature on Viscosity:
L = . L13: Viscosity decreases as
temperature increases

DRAG FORCE:
An object moving through a fluid experiences a retarding
force called drag force.
e This force is always opposite to the direction of
motion or velocity.
¢ The work done by drag force is always negative.

DEPENDENCE:
Drag force depends upon:
¢ Speed of object (F « v)
T velocity = 1 drag force (F)
e Size of object (F « r)
Tsize=1F
e Shape of object
Streamlined shape = | F
e Viscosity of the fluid (F « 1)

T viscosity = T F

STOKES’ LAW:

Drag force F on a sphere of radius r, moving slowly with
speed v through a fluid of viscosity 1 is given by:

LIMITATIONS OF &
e  Object must be spherical
e Motion should be slow (low speed)
e Flow around object must be streamlined

TERMINAL VELOCITY:

The maximum constant velocity of an object when the drag
force becomes equal to its weight is called terminal
velocity.

When object falls in a fluid under gravity
e Acceleration decreases
e Speed increases
e Drag force increases with speed

By AZHAR IQBAL 0336-7098894



e Netforce = mg — Fy (decreases)

EVENTUALLY:
e Speed becomes maximum (terminal velocity)
'] Fa‘ =mg
s F.=0a=0
e  Drag force is maximum (equal to weight)

mg 2ripg
Ve = or |V =
7 6mnr . 9
Where:
e p=density of object
g = acceleration due to gravity
r =radius of object
n = viscosity of the fluid
DEPENDENCE:
Terminal velocity depends upon:
1. Density of the Object
powp or L=B2
. V2 Pa
2. Size or Radius of the Object
2 V1 7\2
M Xre or —= (—)
Ve2 T2
3. Viscosity of the Medium
v
poc= or =l
Viz Th
NOTE:
« If two objects have same mass, then
1
Vp X —

« If two objects have same density, then
v, 72 OR v, « d?

EXAMPLE: Two raindrops A and B have radii r and 2r,
respectively. They fall through air. What is the ratio of their
terminal velocities?

(a) 1:2 (b) 2:1

(c)4:1 (d) 1:4
SOLUTION: as both raindrops have the same
density,

vy € 12 OR v, « d?
s =12 = povg =1%:2% = 124
Correct answer: (d) 1:4

Time Taken to Attain Terminal Velocity
e Time taken to attain terminal velocity:
t v,

e Anobject with greater terminal velocity takes more
time to attain it.

e Inthe above example: Since v,z > v,,, object A will
attain terminal velocity earlier.

FLUID FLOW

A type of fluid flow in which every particle follows the same
path as the particles before it.

:;"’//-——)_-”‘_—’
e Fluid particles move in parallel layers without

mixing.
e Each particle follows the path of the one before it.

e Velocity is low and steady.

e No sound is produced.

e  Streamlines do not cross.

e  Flow is smooth and predictable.
STREAMLINES:

e Imaginary lines that show the path of a fluid

particle.
e Density of streamlines o Speed of flow
o Closer streamlines = higher speed
o Wider streamlines slower speed

STEADY FLOW:

e Flow where velocity at each point remains
constant over time.

e Used inideal fluid models.
Opposite of unsteady flow, where velocity changes
with time.

COMPRESSIBLE FLOW:
Density changes with pressure (e.g. gases)
INCOMPRESSIBLE FLOW:

Density remains constant (e.g. liquids)

VISCOSITY IN FLOW:

e  Viscosity opposes flow and causes energy loss.
Higher viscosity = more resistance to flow
e Determines whether flow is laminar or turbulent

e  The maximum velocity of a fluid for which the flow
remains laminar.

e Above this, flow becomes turbulent.

MDCAT PHYSICS
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TURBULENT FLOW

Fluid particles move randomly and chaotically.
Occurs at high velocities or with obstructions.
Streamlines cross each other,

Produces eddies, whirlpools, and noise.

Flow is irregular and unpredictable.

-
Al

IDEAL FLUID
An ideal fluid has the following characteristics:
1. Non-viscous (1 = 0}
2. Incompressible (density p = constant)
3. Steady flow

e @ @& ® @

SUPERFLUID

Fluids having no viscosity are called superfluids.
e  Can flow without energy loss
e Occurs at extremely low temperatures (e.g., liquid
helium)

EQUATION OF CONTINUITY

1. For an ideal fluid, the product of cross-sectional
area and speed of the fluid always remains

constant.

1
A:v =constant or v oci
e If areaincreases, speed decreases

e |f area decreases, speed increases

Area—> Small

Area—> Large
Speed—> Large

Speed—) Small

2. For an ideal fluid, Flow rate always remain
constant.
Volume

3 = constant
time

Volume of fluid flowing per unit time is called flow rate or
rate of flow.

BASED ON CONSERVATION OF MASS:

e  Mass cannot be created or destroyed.

e For an incompressible fluid, the mass flow rate
must remain constant throughout the flow.

The fluid is assumed to be:
o Incompressible (p = constant)
o MNon-viscous
o Steady (streamline) flow

LIMITATIONS:

¢ Does not account for energy losses (like friction or
turbulence)

e Applicable only when flow is steady and fluid is
incompressible

DIFFERENT MATHEMATICAL FORMS:
1. Standard Form (Volume Flow
Conservation):

Av = constant = v 1/,
Alvl =A2U2
Where:

e A =Cross-sectional area (m?)
e v = Fluid velocity (m/s)
e  Assumes incompressible fluid (p = constant)

2. In Terms of Radius:

Since A = mr?, the equation becomes:
2 = 2 2 g
e, = mEEve = B, =1,

= v 1/1,2

3. In Terms of Diameter:
2
Since A = %,, then:

2 7
nd nd
Tlvl = Tzvz = div, =div,

=>voc1/d2

MDCAT PHYSICS
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4. In Terms of Mass Flow Rate:

For compressible flow:
p1A1Vy = PrAav;

5. In Terms of Volume (V) and Time (t):

V=Avt = V; =V, (for same time interval)

APPLICATION IN DAILY-LIFE:

s  Blood flow in arteries and veins

e Air flow in wind tunnels

e Water flow through pipes and nozzles
o Jet engines and carburetors

e Spraying devices (atomizers)

BERNOULLI'S EQUATION
STATEMENT:

Bernoulli's equation relates pressure, kinetic energy, and
potential energy per unit volume of an incompressible, non-
viscous fluid flowing in a streamline.

1
P+ ?pvz + pgh = constant

Where:
P = Pressure energy

%»,ou2 = Kinetic energy per unit volume

pgh = Potential energy per unit volume
p = Density of the fluid

v = Fluid speed

h = Height above a reference level

NOTE: Each term in Bernoulli's equation represents
energy per unit volume:

e P - Pressure Energy = unit: ] m™?

o -;-,rw2 = Kinetic Energy = unit: ] m™>

e pgh - Potential Energy = unit: | m™3

ASSUMPTIONS / CONDITIONS:

e Fluid is incompressible.
e  Fluid is non-viscous (no internal friction).

e Flow is steady (velocity at each point does not
change with time).

®  Flow occurs along a streamline.

e No energy is added (no pump) or removed (no
friction losses).

LIMITATIONS

e Cannot be applied to turbulent or viscous flows.

e Not valid for compressible fluids (e.g., high-speed
gases).

e Fails when energy is added or dissipated (e.g.,
pumps, friction losses).

DIFFERENT CASES:

1. Basic Form:

1
P+ Epvz + pgh = constant
2. Between two points:
1
2

1

pvi + pghy = P, + = pvi + pgh,

3. In horizontal flow (h, = h;):

1 2 1 2
Py +Epv1 =P, + -2=pv2

1
P+ E,ov2 = constant

e No change in gravitational potential energy.

e Pressure difference is caused only by change in
velocity.

o Where speed is high = pressure is low
o  Where speed is low => pressure is high

4. Open flow:
P, = P, = atmospheric pressure

1

2

1
-ipuz + pgh = constant

1
pvi + pghy = 5pv; + pgh,

e Useful in tank draining or fountain problems.

e  Fluid speed increases when height decreases (and
vice versa).

5. Flow in Pipe of Uniform Area:

Fluid flows through a pipe of same cross-sectional area
(A; = A;) but located at different vertical heights.

v; = v, (since Ais constant and flow rate is same)
Py + pghy = P, + pgh,

P + pgh = constant

MDCAT PHYSICS
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e Velocity is constant throughout (no kinetic energy
change).

e  Pressure difference is due to height difference.

e At higher point pressure is low.

e At lower point pressure is high.

e  Explains why pressure decreases with elevation in
vertical pipes.

TORRICELLPS THEOREM

STATEMENT:

Speed of efflux is equal to velocity gained by the fluid in
falling through distance (h; — h;) under the action of
gravity.

v=42g(h; —hy)
Where:

v = speed of efflux

hy = height of water level

h, = height of orifice

h, = h,=vertical depth of the orifice below the fluid
surface

DEPENDECE:

e Efflux speed only depends upon the vertical depth
(hy — h;) between the surface and the orifice

o  Efflux speed is independent of area of the orifice.
Time to reach ground:

Horizontal range:

x=vxt=,2g(h, — h;) % ’%:2 hy(hy — hy)
If orifice is at the bottom (h, = 0)

v =./2gh; (max.)

If orifice is at middle point (h, = hl/z)
1. Basic Efflux Speed:

v=,/gh

2. Time to hit ground:

h
t= |—
g

3. Horizontal Range:
X = h’l

APPLICATIONS OF BENOULLI'S
EQUATION

1. AEROPLANE WINGS
The wing of an aero-plane is designed to deflect the air so
that streamlines are closer together above the wing than
below it as illustrated in Figure.

We have seen that where the streamlines are forced closer
together, the speed is faster. Thus, air is travelling faster on
the upper side of the wing than on the lower. The pressure
will be lower at the top of the wing, and the wing will be
forced upward and the lift of an aero-plane is due to this
effect.

2. SWING OF A BALL

When a ball is thrown or kicked with spin, the ball is made
smoother on one side by the bowler.

As the ball spins through the air, the airflow behaves
differently on each side. Air moves faster over the smoother
side and slower over the rougher side. According to
Bernoulli’s principle, faster-moving air results in lower
pressure, while slower-moving air results in higher pressure.
This pressure difference generates a sideways force known
as the Magnus effect, which causes the ball to curve in the
air.

Direction of

Faster air,
lower pressur

-— L
a— . W .

.. e f/( T
T \ Slower air,
Higher pressure

. FILTER PUMP

A filter pump has a constriction in the center, where a jet of
water from the tap flows faster. According to Bernoulli’s
principle, this increase in water speed causes a drop in
pressure at the constriction. As a result, air is drawn in

MDCAT PHYSICS
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through a side tube. The mixture of air and water is then
expelled through the lower part of the pump.

Water

Air flow
{_

4. CARBURETOR

The carburetor of a car engine uses a Venturi duct to feed
the correct mixture of air and petrol to the cylinders. Air is
drawn through the duct and along a pipe to the cylinders. A
tiny inlet at the side of duct is fed with petrol.

The air through the duct moves very fast, creating low
pressure in the duct, which draws petrol vapours into the air
stream.

Air

Atmospheric
pressure
Low

nNressura:

5. PAINT SPRAYER
A stream of air passing over a tube dipped in a liquid will
cause the liquid to rise in the tube as shown in Figure.

This idea is used in perfume bottles and paint sprayers.
When you squeeze the rubber bulb, air rushes out through a
small opening. This fast air lowers the pressure at the top of
the tube and the atmospheric pressure pushes the perfume
up leading to the narrow aperture.

———
A chimney works best ;_‘_'E
when it is tall and s
exposed to air currents, o
which  reduces the YN
pressure at the top and - =
forces the upward flow of mi N T
smoke. —Wg

6. VENTURI RELATION

Consider a pipe within which a fluid of density p is flowing
through different areas of cross-section as shown in the
Figure.

1
Py == Ep(vg - v{)

i
S P~ Py =503

This is known as Venturi relation, which is used in
venturi meter, a device used to measure speed of
liquid flow.

Blood Flow

e Blood is an incompressible fluid, similar in density
to water.

e High red blood cell (RBC) concentration increases
viscosity by 3-5 times.

BELOOD PRESSURE:

e Blood vessels are elastic and stretchable.

e Tension exists in vessel walls due to internal
pressure be:ng greater than atmosphenc pressure.

\E HEART BEA

° Svstollc pressure: 120 torr
e Diastolic pressure: 75-80 torr

SURE

SRS

e 1Torr =133.3Nm™2

UNITS:
2

OMETER:
ONVIETER:

° Used to measure blood pressure.

MDCAT PHYSICS
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ALTERNATING CURRENT

ALTERNATING CURRENT

An electric current that reverses its direction periodically
with time is called alternating current.

e During the interval O to T/2, the terminal A of the
source is positive with respect to terminal B.
Current flows in one direction.

e After time T/2, the terminals change their polarity
and thus current reverses its direction.

e During the interval T/2 to T, A is negative with
respect to B. Current flows in opposite direction.

ALTERNATING VOLTAGE:

e Avoltage that changes its polarity periodically with
time is known as alternating voltage.

e The time taken for one complete cycle of AC is
called the time period.

e  The number of cycles completed in one second is
called frequency.

1
f= F unit: Hz

® Frequency of A.C used in Pakistan is S50Hz.

APPLICATIONS OF AC:

e Used in domestic power supply (220 V, 50 Hz in
Pakistan)

e Easy to step up/down using transformers
More economical for long-distance transmission

e Powers appliances like fans, lights, refrigerators

WAVEFORM:

This graph between voltage and time is known as waveform
of alternating voltage.

Yo A

0 L UV\ b
l iy 9 TWT t—p i "y w\ ¥, fen 6

Ty Ty M T
W o 7 - v, 7
v, 0 -, 0
la 0 I, 0

1.INSTANTANEOUS VALUE:

The value of voltage or current that exists in a circuit at any
instant of time is called instantaneous value.
Mathematically, it is given by

V = V,sinf = V,sinwt

I =1,sinf = I,sinwt

e The instantaneous value can be positive, negative,
or zero, depending on the time.
It varies sinusoidally with time.
e The instantaneous value is zero or minimum when
i
t= n§ ORO =evenn
e The instantaneous value is maximum when

T bis
t=o0dd — ORO =o0dd =
4 2

2. PEAK VALUE:
The peak value (also called maximum value or amplitude) is
the highest value that an alternating current or voltage
reaches in one half of the cycle.

e [,: peakvalue of current

e |/y: peak value of voltage

e Peakvalue is not the average or effective value, but

the extreme value reached momentarily.

3. PEAK TO PEAK VALUE:

The sum of the positive and negative peak value is known
as peak-to-peak value.
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e The peak-to-peak value is the total vertical
distance between the positive peak and the
negative peak of an alternating current or
voltage waveform.

o [p_p=2Iand Vp_p =2V,

4. ROOT MEAN SQUARE VALUE:

The RMS (Root Mean Square) value of alternating current or
voltage is the value of DC current or voltage that would
produce the same amount of heat in a resistor as the given
A.C. does over one complete cycle.

V,
®  For voltage: Vs = \T;' = 0.7,

e  Forcurrent: s = :—,—’% =071,

e RMS value is the effective value of A.C. used in
power calculations just like DC.

» Domestic appliances and power ratings are based
on RMS values
(e.g., Pakistan mains supply: 220 V RMS)

e Lies between zero and peak value on the
waveform

e |tisabout 71% of peak value.

e Most of the alternating current and voltage meters
are calibrated to read rms values.

®  When we speak of A.C. meter reading, we usually
mean rms values unless stated otherwise.

NOTE:

» Both magnitude and direction of alternating current
varies with time.

e Alternating current reaches maximum value twice in a
cycle.

e Alternating current reaches to zero twice in a cycle.

o Alternating current reverses its direction once in a cycle.

* Average value of alternating current is zero in a cycle.

Comparison Between AC and DC:

PROPERTY A.C D.C
Current that Current flows in
Definition reverses direction | one constant
periodically direction
Graph Sine wave (or Straight
Representation | cosine wave) horizontal line
Direction of Changes Unidirectional
Flow periodically (constant)
Has a specific Frequency is zero
Frequency P q Y
frequency

PROPERTY A.C D.C
Source Power plants, Batteries, solar
Examples generators cells

Cannot be easily
stepped up/down
using a
transformer

Can be easily
stepped up/down
using a
transformer

Voltage Level

Not suitable for
long-distance
transmission

Efficient for long

Transmission distances

Less due to low More due to high

Energy Loss current at high current in
voltage transmission
Home appliances, | Electronic

Applications factories, power devices, mobile

grids phones, cars

Peak value

Time period = 211/w

V =V, Sinwt

Frequency = w/21

Vrms =07 Vo
Instantaneous

PHASE OF A.C:
The instantaneous value of the alternating voltage is given
by

V = V,sinf
This angle 8 which specifies the instantaneous value of the
alternating voltage or current is known as its phase.

PHASE DIFFERENCE:
Phase difference refers to the angular displacement
between two sinusoidal waveforms of the same frequency.
e In A.C. circuits, this often occurs between voltage
and current.

PHASE LEAD:

A waveform is said to lead if it reaches its maximum value
before another waveform.

PHASE LAG:

A waveform is said to lag if it reaches its maximum value
after another waveform.

EXAMPLE:
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It can be seen that at each point the phase of waveform 2 is
less than the phase of waveform 1 by an angle of /2.
* Hence, we will say that A.C 2 lags behind the A.C1
by phase angle m/2.
OR
* A.C1leads A.C 2 by phase angle m/2.

A.C. THROUGH RESISTOR

When an alternating voltage is applied across a pure resistor,
the current follows the same waveform as the voltage.

SORNE

Voltage across resistor:

V(t) = V, sin(wt)
Current through resistor:

I(t) = Ipsin(wt)

WAVEFORM:

This means voltage and current are in phase.

® \When voltage decreases, Current decreases along
with the voltage.

e When voltage increases, Current also increases in
the same direction.

e  Both reach their maximum (peak) at the same time.

e When voltage is zero, Current is also zero at that
exact moment.

VECTOR REPRESENTATION:
The vectors for voltage and current are drawn parallel
because there is no phase difference between them.

v

R
—_—

!

Resistor Obeys Ohm'’s law:
V=1IxR

RESISTANCE:

Resistance is the opposition offered by a material
{conductor) to the flow of electric current.
g=l_t_loms
I Iy Ls

e Resistance has same effect for both A.C. and D.C.
e [tismeasured in ohms (Q)

e Resistance does not change with frequency.

e It only controls the amplitude of the current.

POWER:
e Instantaneous power:
P(t) = Vol sinz(wt)
* Average power:
Volg
Pov = Vems Irms = 2

e Power factor:
cos(q) = 1 (becausep = 0°)

IMPORTANT POINTS:

e  No phase difference

e  Power is always positive (current and voltage rise
and fall together)

e Energy is continuously dissipated as heat in the
resistor

e Noenergy is stored

A.C. THROUGH CAPACITOR

D.C cannot pass through capacitor. OR capacitor
blocks the D.C.

D.C. means constant voltage.

When a D.C. voltage is applied to a capacitor;

The capacitor charges up.

Once fully charged, no more current flows,

The capacitor then acts like an open circuit for D.C.
Only a brief current flows at the beginning (during
charging), then it stops.

e e 00O @

A.C can pass through the capacitor
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A.C. voltage changes direction continuously.
This prevents the capacitor from fully charging.

® Asthe voltage alternates, the capacitor charges
and discharges constantly.

e  This allows current to keep flowing back and forth
through the circuit.

Decreasing

+q
1
-q

Decreasing

When an alternating voltage is applied across a pure
capacitor, the current does not follow the voltage.

Voltage across capacitor:
V(t) = Vosin(wt)
Current through capacitor:
1(t) = Iysin(wt + 90°)

/)

The current leads the voltage by 90 degrees (Current
reaches its peak before voltage.)

WAVEFORM:
.ILI V

v

Voltage Capacitor Current
Condition Behavior Behavior
Increasing - Current flows
Capacitor charges . A
voltage into capacitor
— Current flows
g Capacitor discharges out (opposite
voltage ; ;
direction)
- Fast :
Voltage is : : : Current is at
charging/discharging :
zero maximum
starts
Voltage is No charging or ;
-g : g g Current is zero.
maximum discharging

VECTOR REPRESENTATION:

The vectors for voltage and current are drawn
perpendicular because the current is leading the applied
voltage by 90° or m/2.

MDCAT PHYSICS

REACTANCE OF CAPACITOR:

The measure of the opposition offered by the capacitor to
the flow of A. C. is known as Reactance of a capacitor. It is
usually represented by X,, Its value is given by

v rms

XC:

‘rrms

. The unit of reactance is ohm.

DEPENDENCE:

In terms of frequency the reactance of capacitor is given as
X 1 1
€T 2nfC wC

It depends upon
i Capacitance of capacitor
ii. Frequency of alternating current
At low frequency, the reactance of capacitor is large. So,
current through the capacitor will be small and vice versa.
e |In case of D.C. frequency is zero.
Xe=c0

POWER:

e In a pure capacitor, no net power is consumed.

e Energy is stored and returned to the source each
cycle.

e  Average power over a full cycle is zero.

A.C. THROUGH INDUCTOR

D.C. can pass through an inductor. An inductor allows D.C.
to pass freely.
e D.C. means constant current.
e When D.C. is applied to an inductor:
o The inductor initially opposes the change
in current (due to self-induced emf).
o Once current becomes steady, the
inductor behaves like a conductor,
o S0, an inductor does not block D.C. after
the current stabilizes.

A.C. does not pass easily through an inductor.
e A.C. current changes continuously.
e This causes the inductor to continuously oppose
the change in current.
e Theinductor opposes the change in current (due to
self-induced emf).

Voltage across inductor:
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V(t) = Vgsin(wt)
Current through inductor:
I(t) = Iy sin(fwt — 90°)

WAVEFORM:
®  The current lags the voltage by 90 degrees.

e That means current reaches its peak after the
voltage does.

v

Voltage Inductor Current
Condition Behavior Behavior
Increasing Magnetic field Current increases
voltage builds up slowly
Decreasing Magnetic field Current continues
voltage collapses in same direction
- Field is changin Current is
Voltage is zero 3 ging .
rapidly maximum
Voltgge = Field is steady Current is zero
maximum

VECTOR REPRESENTATION:

V

&

e The vector for current is drawn 90° behind the
voltage vector.

e  This shows that current lags voltage by 90 degrees
(or m/2 radians).

REACTANCE OF INDUCTOR:

e The opposition offered by an inductor to the flow
of A.C. is called inductive reactance.
e |tisrepresented by X_L.
Formula:
X, = 2aflor X, =wl
Where:
o f=frequency
e | =inductance
o w=2nf (angular frequency)

Unit: Ohm (Q)
DEPENDENCE:
It depends upon
i Inductance
ii. Frequency of alternating current
e Inductive reactance increases with frequency.
e At high frequency, X, islarge = less current flows.
e Atlowfrequency, X, issmall= more current flows.
e In case of D.C. (frequency = 0), X; = 0 = Inductor

behaves like a normal wire for steady current.

POWER:

e |na pure inductor, no net power is consumed.

e Energy is stored temporarily in the magnetic field
during one half of the cycle and returned in the next
half.

e Therefore, the average power over one complete
cycle is zero.

SUMMARY TABLE: A.C. THROUGH RESISTOR, CAPACITOR, AND INDUCTOR

ASPECT RESISTOR CAPACITOR INDUCTOR
£ initial

D.C. Behavior D.C. passes normally D.C. gets blocked after charging PG plas.ses afver (Rl
opposition

Bt oo T A.C. p_asses.as capfamtor keeps A.C. fgces cpposrgorjl due to

charging/discharging changing magnetic field

Voltage N i T

Eauation V(t) = Vo sin(wt) V(t) = Vg sin(wt) V(t) = Vg sin(wt)

C I(t) = lo si ; I(t) = lo sin(wt - 90°

( urrer.1t (1) = lo sin(wt) (t) = lo sin{wt + 90°) - leads (t) = lo sin{wt - 90°) = lags

Equation voltage voltage

Phase i 5 o

Difrainis 0° {in phase) Current leads voltage by 90 Current lags voltage by 90

Vector Diagram W Rl R AT Current vector is ahead by 90° Current vector is behind by 90°

vectors are parallel
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ASPECT RESISTOR CAPACITOR INDUCTOR
Waveform Voltage and current Current reaches peak before Current reaches peak after
Relation rise/fall together voltage voltage
Voltage Current increasesin same Capacitor charges = current flows | Magnetic field builds = current
Increasing direction into capacitor increases slowly

M tic field coll
Voltage Current decreases in same | Capacitor discharges —» current HEIRE 'e. - .apses "
: S : o : current continues in same
Decreasing direction flows in opposite direction : :
direction
Voltage = 0 T .Rapld Fharge/mscharge - current fleld c!wangmg rapidly = current
is maximum is maximum
Voltage . ' . " :
3 Current is also maximum No charge flow - current is zero Field steady -» current is zero
Maximum
e Inductive R nce:
Opposition Not frequency-dependent: | Capacitive Reactance: Xduc_tw;ﬁ;;cta B
(Reactance) R =V/I Xe = 1/ @2nfo) &
Depends on resistance Depends on capacitance and Depends on inductance and
Dependence
only frequency (Xc «< 1/f) frequency (Xl «f)
Unit of
R Ohm (Q) Ohm (Q) Ohm (Q2)
Effect of N ftadt Higher f = smaller Xc = more Higher f = larger XI = less
Frequency current current
Power Real power consumed: No net power consumed Energy No net power consumed Energy
Consumed P(avg) = V(rms) x I{rms) stored and returned stored and returned
Power Factor cos{p) =1 (b =0°) cos(d) =0 (p =90°) = power =0 cos(d) =0 (p =90°) = power =0
Energy Beliavior Energy is :dlssnpated as qurgy is stored in electric field Energy is stored in magnetic field
heat continuously and then returned and then returned
Ohm's Law Obeys Ohm’s Law: V = IR Does not obey Ohm's Law directly 55:;?? gty Chin'€law
DEFINITION: e Invacuum: c = Eo [/ Bo where Eg = max electric field,

Bo = max magnetic field

Electromagnetic (EM) waves are waves of energy that
consist of oscillating electric and magnetic fields which are
perpendicular to each other and to the direction of wave
propagation.

e They are transverse waves.
Do not need a medium to travel; can move
through vacuum.

e Produced by accelerating or oscillating electric

charges.
e Travel at the speed of light in vacuum: ¢ = 3 x 10°®
m/s
COMPONENTS:

e Two fields:
o Electric field (E)
o Magnetic field (B)
e EandBare:
o Perpendicular to each other
o Perpendicular to the direction of wave
motion

Also: ¢ = A x f where A = wavelength, f = frequency
Wavelength (A): Distance between two consecutive
peaks

e  Frequency (f): Number of oscillations per second
Amplitude: Maximum value of E or B field
Speed: In vacuum, same for all EM waves (¢ =3 x
10% m/s)

SOURCES:

e  Oscillating electric charges

e  Accelerating electrons in antennas

e  Energy transitions in atoms (e.g., emission of light)

POLARIZATION:
e EM waves can be polarized because they are
transverse.

e  Only the electric field gets polarized.

ENERGY AND MOMENTUM:
e EM waves carry energy and momentum.
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e  Energy is stored in both electric and
fields.
e Intensity & amplitude?®

PROPERTIES OF EM WAVES:
e Travel at same speed in vacuum

magnetic

o  Can be reflected, refracted, diffracted, and

interfere

Can be polarized

Do not require a medium

Carry energy and momentum
Follow inverse square law in free spa

e @& @& @

Electromagnetic Spectrum — Summary Table

ce

Wavelength | Frequency

700 nm to 4% 10"to

Region Range Range (Hz) Source
Radio . Oscillating
> 1 meter <3 x10 charges
Waves
(antennas)
. Imtol 3x10%to | Klystrons,
Microwaves 1
mm 3x10 magnetrons
Warm
1mmto 3x10"to :
Infrared (IR) 200 nm 4x 10" bo_ches, hot
objects
Electron

Visible Light s | transitionsin
400 nm 7.5x10 —
. 5 ni
Ultraviolet | 400nmto | 7.5x 10" r:ercu
(UV) 10nm | to3x 10 | MErCUrY
lamps
Inner
X-Ravs 10 nm to 3x 10" to | electron
i 0.01 nm 3x 10" transitions,
X-ray tubes
Radioactive
gl <0.01nm | >3x10" nUdEI',
Rays nuclear
reactions

TRENDS IN EM SPECTRUM:
*  From radio to gamma rays:
o Wavelength | (decreases)
o Frequency 1 (increases)
o Energy 1 (increases)

e Visible light is the only part of the spectrum

detectable by the human eye,

Color Wavelength (approx.

)

Red 700 nm

Orange | 620 nm

Yellow | 580 nm

Green 550 nm

Blue 470 nm

Color Wavelength (approx.)
Indigo | 440 nm
Violet | 400 nm

APPLICATIONS:

s & ° @

L

Radio waves: Communication, radio, TV
Microwaves: Cooking, mobile phones, radar
Infrared: Remote controls, thermal imaging
Visible light: Vision, photography

Ultraviolet: Sterilization, vitamin D production
X-rays: Medical imaging

Gamma rays: Cancer treatment, nuclear reactions
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