Science Technology Engineering Math

STUDY GUIDE

Zahidur Rahman Xin Gao

Yves Ngabonziza Dionne Miller
Paul West

Tao Chen

Department of Mathematics Engineering and Computer Science Department of Natural Science

LaGuardiaCommunity College/CUNY

2015



Contents

Science

Physic§ 8 888888888 8888888888888888.8.8.8.8.88.8.
Chemistryy 8 8 8 8 8 8 888888 8 8 88 8888888888 BBBBBEB28 8
Engineering

El ectrical @iérecdiétex&@ec&aecéeceéeéeéecér
EngineeringMechanics | (Statice)é e e e € € € é é éé e e e ééé € é.80

Mathematic8 8 8 8 888 88 388B8 8888888388838 8 88838816 8

LaGuardiaCommunity College/CUNY

2015

2|Page



Preface

Drs. Zahidur Rahman, Yves Ngabonziza, Paul West, andChea are professors in the
Mathematics, Engineering and Computer Science Department, and Drs. Dionne Miller
and Xin Gao are professors in the Natural Science Department.

The authors collaboratively prepared this guide for STEM students. It has some of the
following features:

9 This guide is designed to be a reference study material for STEM courses such as
physics, chemistry, mathematics, electrical, civil, and mechanical engineering.

9 It can be used as a reference béamk most of the important formulas dfie
aforementioned topics, with useful examples to help students master their class

work, exams and projects.

9 This guide is organized to emphasize the main topics taught in these courses.

f Students are strongly advmnseeddtionsawherd ol | ow
preparing for any exam, project and homework, but this study guide will be a
useful tool.

9 This study guide is intended to be used as a supplement to the assigned textbook
and lecture notes.

The authors hope that the users of this guidénd it informative and useful. If you have
any suggestions, comments, or any mistakes pleasmail: zrahman@Iagcc.cuny.edu
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Physics STEM GUIDE
Xin Gao Science

PART | NEWTONIAN MECHANICS

Motion
Quantities Used to Describe Motion (Definitions and Notations)

Time (1 Y1 "I "1):In this part of Physics, we take time as a time interval, which is
the difference between two momen@xafndO)

Distance (d) the lengthof the path traveled by an object (scalar)
Displacement (B® -® ): the change in position (vector)
Speed the ratio between distance and time (scalar)

Velocity (b : the time rate of change in position, so it is defined in a formula as follows:

5}

(=2

Acceleration (H: the time rate of change in velocity, so it is defined in a formula as
follows:

b

« Vb
=

Synthesis Example:

The position function of an object is given @: ¢O ¢0, where x is in meters and t

in seconds. (a) What is the velocity of the objedatc ((b) What is the acceleration of

the object at t=2s, (c) At what time does the object reach its minimum position from t=0
to t=5s?

Solution:
@00 ¢ — ¢ 909 ¢ 0 ¢ pd70
MAO ¢ —=—— pcOp pc g @ pYI

(c) To find the mnimum position (x), we take the first derivative of x and let it be 0, i.e.
O ¢ O m we get t=0 or 1s as two times for two extreme values. Comparing the
positions at these twantes, we get the position at t=1s is minimum, whic®{S p

p I

Different types of Motion
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Uniform Motion : can also be called ficonstant
vector, constant velocity means balinection and magnitude of the velocity is constant.

In other words, an object doing uniform motion would be moving with constant speed in
a given direction. In this case, speed is just the magnitude of the velocity, so the
following formula can be used this kind of motion:

=,
A=0.
Constant acceleration motion in a Straight Line If an object is doing accelerating

moti on, and the acceleration i s constan
means the following:

®is not constant, buais constant. The following formulas can be derived from the basic
definitions of velocity and acceleration listed in part 1.1.1:

6=06+A
R=3-G=606- A?
2AR=0-0
Rg-g="C

Synthesis Example:
A car moving along a straight line wittonstant acceleration covered 80m in 5s. At t=5s,
the velocity is 20m/s, what was the initial velocity and the acceleration?

Solution:
Based on what is given, and using the formulas for Constant Acceleration Motion, we
have the following equations:

L|JT[C")U§AU
cmt O A

NOTE: We assign positive values to all vectors in the formulas because all the vectors
are in the same direction.

Solve this group of equations, we get:

A p®i 70
O pd70
Free Fall: the motion an object would do under the influeatenly one forcé Gravity.
So if gravity is the only force acting on the object, the acceleration of the object will be

gravitational acceleration, ifOhvioushhfree h i
fall is a perfect example of Constant &teration Motion. And it makes a special case of
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Physics STEM GUIDE

Constant Acceleration Motion. The following formulas can be used for this kind of
motion:

6=6 +@
B=3-3=6 G-
26P=0 -0

B=g-g=-—"0

As indicated, we just need to chary® @

An even more special case is that wherobject doing free fall motiorsidropped from
rest, the initial velocity will be 0®= 0 and the above formulas can be changed to even
simpler forms:

6 @

B3 -3 = @2
26@=0
B=-3-3="0

Synthesis Example:

A ball is thrown vertically upward from ground level. It takes the stone 5s to reach the
highest position, (a) What was the initial velocity when the stone was thrown from the
ground? (b) What was the maximumaight the stone reached?

Solution:

NOTE:

(1) The initial velocity is upward, but the gravitational acceleration is downward, so we
need to pay extra attention to the signs we assign to the vectors in the above formulas for
free fall. To do that, wehooseupward as positive direction, then downward is negative
automatically.

(2) Implied information of this problem is that at the highest position, the vertical
velocity is 0. So we have the following information:

(@)

o '\T[OCUOQfﬂJU
socO 1T hFODxAOA

ME O v - W vV TwWUL - B v pcal
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Projectile Motion: a 2D motion which can be decomposed into 2 separate motions in 2
perpendicular directions: horizontal (x) and vertical (y) directions.

Horizongally (x-direction): uniform motion
Vertically (y-direction): free fall motion
So:

In the xdirection:A =O t

In the ydirection:

6=0+@&
B-3-3=6 G- @
26=0 -0

B-3-3=6 O @

B B A

B-3-G= O

The connection between the motionthe xdirection and that in the-girection is the
flying time, t. For example:

Synthesis Example:

A ball is kicked from the igpund with an initial speed 30m/s andamgle[ o frwith
the horizontal direction. (a) what is the maximum height therbalthes in the vertical
direction? (b) what is the distance traveled horizontally by the ball?

Solution:

O OAioGt om AloGt ¢ ¢ TO

O OO0t om OBt pd 70
Using the implied information that the vertical velocity at the highest position &l0 a
assuming upward as positive direction, we get the following equation:

m puv WO
O pd o O

Considering the fact that from the ground to the highest point and from the highest point
to the ground are two symmetrical processes and they take same antouat tf1.53s.

Then the total flying time of the ballis:O ¢ p® o o8t @ O

Then the total horizontal distance traveled by the ball is:
A OO0 copadig x@ ol

Newt onds Laws: Expl aining Motion
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Newt oshléasw 1( a s peci al"Lava:sAdodydt redistaystaoresttasd 2
a body in motion stays in motion unless an external force is exerted on thelbtholyre

is no net force on a body, the body remains at rest if it is initially at rest or rmowaes
straight line at constant speed if it is in motion. In formulas, it can be expressed as
follows:

If B& =0,A=0.
Moreover, ifA=0,B & =0.

Synthesis Example:

A crate is being pushed by a 50N force to move to the right. The motion is along a
straicht line with a constant speed 3m/s . What is the frictional force exerted on the crate
in this process?

Solution:
Since the crate is doing uniform motion (constant velocity), acceleration a=0. According

t o Newflaw @A mB®&=0. In the horizontal direction, there are only two
forces acting on the crate: the exerted 50N force and the unknown frictional force. These
two must add up to be 0. So the frictional force is 50N to the left. In formulas:

& & &

& and& arein opposite directions, so we assign opposite signs to them. If only

considering the magnitude and choose #dAright

becomes:
B& & & vt & =0

S0& L I, to the left.

Newtof‘f'd_anN:ZThe net force on a body with mas
acceleratiomby

B& =mA

From here, we can €eaaiwl ysspasthat spNé&wt ahos ai

Law whenB & =0.
It can also be expressed in following forms:

B D

A
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B D
SER

m=

Ne wt o'fhiéaw: If 8 force® acts on body B due to body C, then there is a f@&ce
on body C due to body B:

& =&

It means that these two forces have equal magnitude and opposite directions.

NOTE: In understanding the action and reaction forces, one has to realize that they do

have same size and opposite in direction. Mathematically, they seem to be able to cancel
each other. However, they cannot be canceled because they are acted on two different
bodies.

Circular Motion

Centripetal Acceleration: A —, always directing to the center

Centripetal Force: Accor di nYlLawv:® N dwtheodn 6 s—. 2

Universal Gravitation: & ——

Synthesis Example:
A Ferris wheel has a radius of 15mnd turns at a speed ofn¥s. What is the normal
force acting on a rider whose mass is 50kg at the bottom of the Ferris wheel?

Solution:
A — — uv8i 1o
& — —— QqXxT.

At the bottom of the Ferris wheel, there are two forces acting ondiein the vertical
direction: weight (W: downward) and the normal force (N: upward). We also know that
the centripetal force at the bottom is pointing upward. So:

.7 & qXxT.
and 7 I Cumw® Towm.
SO:

7 CXTT WTCXTIX QTI.

Enerqgy/Work and Momentum/Impulse

10|Page
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Definitions:

The general form of the definition of work done by any force (constant or variable) is as
follows:

W= &tAF
If the force is constant, trebove formula can be expressed in the following way:
o &A EJE m
7 &R & AT[Ofor exampley Tt EJE wft
&A E[E p ¢

Power: the time rate at which a force does work on an object. It measures how fast a
force can do work on ambject.

ol

Relationship between work and energy:
Work done by external forces= change in energy of the system
7 4% 4%

Note: this relationship can be expressed in different ways depending on how one defines
the external forces or the system indstu

Kinetic Energy (KE or Ex):
+% -1 0
Potential Energy (PE or B): change in potential energy is defined as the negative of the
work done by a conservative force. A conservative force is a force whose work does not
depend on the path an objdotlows, such as elastic force, gravity, etc. This can be
expressed as:

0% 7
Applying this definition to different situations and forces, we can get the following

formulas:

Gravitational Potential Energy: (Gravitational PE):

11 |Page
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0% | CE

Force in a spring:
&, T & where x is thestretched or compressed distafrcen the equilibrium position
of a spring or other elastic material.

Elastic Potential Energy (Elastic PE)

0% Pz
C

Mechanical Energy (B or ME):
% 0% +% 0% 0% +%

The Law of Energy Conservation
Energy cannot be created or destroyed. It can only be transferred from one object to
another, or transformed from one type to another.

For a closed system where there is no-oomservatre forces doing work to the system,
the total mechanical energy is conserved, which is:

4 %=4 %y
or.
O%+9%0%+ %

However, if there areon-conservative force(s) doing work to the system, the total
mechanical energy is not conserved aryre, but the difference between the total initial
mechanical energy and the total final mechanical energy is just the work done by-the non
conservative force(s), which is just the

7 4% 4%

Synthesis Example:

A block (not attached to the spring) with mass m=0.5kg is placed against a spring on a
frictionless incline with angld 1 v.JThe spring constant of the springEs

¢ mTA .. The spring is compressed 16cm and then released. What is the highest
distance the lbick can travel from the release point?

Solution:
If we choose the releasing point as the reference position. Right before the block is
released from the spring, the total mechanical energy at that point is as follows:

12| Page
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% T
%p T

% gEQJ ™ (TN ¢ &@*

Supposed the block travefBneters to the highest position, then at the highest position:

% Tt
%y T
%y | COOE] mduoi) @ @ ¢ 18 T &

According to the law of energy conservation:

4 %y=4 %
e% % %R % %y %gp

) 18 1T O &
sod @8tol

Momentum and Impulse

Momentum:® | &
Impulse: &= & A Of ®is constant® &0
Ne wt o™ Iléaw (Relationship between momentum and impulse):

B & Y @ @ 16 16 | 6 6

Synthesis Example:

A 0.2kg ball traveling straight with an initial speed of 5m/s bounces off (reverse the
original straight path) a wall and comes back in the opposite direction with a speed of
3m/s in 0.1s. (a) What is the impulse acting on the ball?Mat is the average force
exerted by the wall on the ball in this process?

Solution:
(a) The impulse acting on the ball by the wall:

B YO | & 6
Choosing the original traveling directing as positive, we get:

B g o v p®ELTO
so the impulse actingn the ball is 1.&c € 7Oin the opposite direction.

(b) Since:

*

&0
*p®

So the average force acting on the ball is 16N, also in the opposite direction.

13|Page
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For a manybody system, if the net external ford@& is 0, then the total momentum
of the system is conserved:

4@ 40
le. ® ® ® E ® ©® ©® E
ie. i 6+ &6 1 6 E 1 6 1 6 | 6 E

Synthesis Example:

A 1200kg car traveling with a velocityf 15m/s due east collides ltean with a 1400kg

car traveling with a velocity of 18m/s due west. The two cars stick and travel together
after collision. What is the direction and magnitude of the final velocity of tinseadrs

after collision?

Solution:

External forces such as friction can be ignored in the short time when collision happens,
so total momentum is conserved. Choosing east as positive direction, the total initial and
final momenta of the-2ar system isigen as:

40 1 O 1T O pegmmpuptnmpy xcred 10
40 i i O pecmmtnGt ¢ x¢ e 10
so: O  ¢& x ¥Q due west.

Rotational Motion

Toque:
Ne wt o"fhLave for Rotational Motion:

=1 p

Here | is the moment of inertia (omtational inertia), and it obeys the parabeis
theorem:

) ) - E

With a torque acting on a solid object, an object will begin to exhibit rotational motion.
Rotational motion with constant angular acceleration is comparable to linear motion with
constant linear acceleration:

» » O
P P baogao
S 5 ¢pop p
P P gbo 30

l4|Page
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I

Rotational Kinetic Energy:

p
+ D)
c)

PART Il FLUIDS

Pressure

&
b T

Pressure in a Fluid
P b ME
whereE s the depth from the surface of the fluid to the point of interest in the fluid.

Ar c hi me d e s:0hePBuoyant toicgelxeeted on an object by the surrounding fluid
is the weight of the volume of fluid displaced:

& m @

Examples:

Study 3 cases of objects in a fluid: floating, suspension, and sinking, assuming only two
forces acting on the objects: weight and buoyant force, without external forces acting on
the fluid-object system.

Solution:
If an object is floating (partigllsubmerged) in the fluid:

& 7 xAECHEGIAAEAAO

m B M (€5)

If the object is fully submerged but suspended within the fluid by a string holding it up so
as to prevent it from sinking (note string could also begmeng the object from floating
up), we still have:

& 7 xAECHEGIAAEAAO

m @B M &
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implying:
M M
If the object sinks in the fluid,
7 &
Equation of Continuity: )
A9 Ki1 00AT O
e
implying:
1 O Al T OOAT O
Bernoullidbs Equation
p . e n A A oA
b ENO MCE ATl OOAI O
Example:

A sphere with a radius 50cm and masspb1ikg floats halfsubmerged in a liquid. What
is the density of the liquid?

Solution:
The average density of the sphere carcélculated as follows:

| | U PT

M 5 — 1 XY p e
Since the sphere floats halfibmerged,
7 i C &
and
6 E6
C
so:

which becomes:

16| Page
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therefore:

M oM C T&Wpm wd@ pTEW

PART IIl WAVES

Sinusoidal Waves

whereE — 5 C(WE—4 - -=1F

Interference of Waves
Urn U U j

If U ; andU j are two waves traveling in the same direction on the same string with
the same amplitude, frequency and wavelength, but differ in initial phase, then the
interference of these two waves will produce a resultant wave as follows:

U: cUAIDEED 50

né_J
N

If U ; andU j are two waves traveling in opposite directions on the same string with
the same amplitude, frequency, wavelength and initial phase. The combination of these
two waves will produce a resultant wave as follows:

Up cU OETAE®O
Example:
A transverse wave traveling along a long string is governed by the equatiprr of
9.0sin(0.040 x 2.0° ), wherex andy are expressed in centimeters @nsl in seconds.
What are (a) the amplitude, (b) the wavelength, (c) the frequency, (d) the speed, (e) the
direction of propagation of the wave, and (f) the maximum transverse speed of a particle
in the string? (g) What is the transverse displacement&cm whent = 0.6s?

Solution:
(a) The amplitude ispy= 9.0 cm.

by} — —— vum Al
(c) Sinced ¢ MEwe obtain f =— - P (z.
(d) The wave speedisVIZE v TAT p v T AAD
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(e) The wave propagates in the +x direction, since the argument of the trigonometric
function is kx 3 t.

() The maximum transverse speed (found from the time derivative of y) is
~ . e e Al
O ¢ M ¢ N pO twAIu@c—O

(9) y(x=5 cm, t=0.6 s) = (9.0 cm) sin[@On(5) -2.0A(0.6)] = 0 cm.

The Doppler Effect
O O

B8

where the sign befor® is positive if the detector moves towards the source, and the sign
beforeO is positive if the source moves away from the detector.

PART IV ELECTRICITY and MAGNETISM

Electric Field

Coul ombdés Law:
& ——O0

NandN are the amounts of <char geod)on whioc hp odrne
separated by a distance @fThe constare = 8.85 p m # /NJ is the permittivity

constant, k == 8.99 p Nd 7# , andOis a unit vector in the radial direction
along an imaginary line joining one chardé to the otherN .

Definition of the Electric Field:

b

B -

Il n applying Coul ombds Law to the above for mu

=

% P 9
TR

O
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This provides us with a formula for the electric field generated by a point charge. If there
is more than one point charge in a given region space, the total electric field at an
arbitrary point can be calculated usihg principle of superposition:

®» B B=——0+———0+——0+ é

Synthesis Example:
Four equal positive charges are located at the corners of a square (a=4cm). What is the
total electric field at the center of the square?

Solution:
Theelectric field generated by each charge at the corner is:

Since the amount of charge and distance from each charge to the center are all the same,
the magnitude of the electric field generated by each charge at the corner is also the same.
However, the directions of the contributing electric fields are all different. The directions

of the electric fields generated by pairs of charges diagonally situated about the center of
the square oppose each other exactly, and therefore, they cancéhemé\e have two

such pairs to consider, and so finally, the total electric field generated by four identical
charges at the corners of the square is O if computed at the center.

If we consider a continuous charge distribution, the summation is replaceah
integration, such that:

B B pA%
TR O

If the electric field is specified, the force acting on a point charge that is subject to the
field can be calculated using the following formula:

e B’

Gaussod Law

;Ulzl

5 %t AID

i is the net electric flux through the closed surface of area A. The direct/&dRpfints

outward on the closed Gaussian surface. In other wA®lis, an outward normal unit
vector.
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If a convenient Gaussian surfacan be constructed so that the electric field everywhere
on that surface is the same in magnitude and the directid® odincides with that o®
everywhere on the surface, then the dot pro@Rick® will yield the same quantity
everywhere. We can thenihg the magnitude d®out in front of the integral sign (since

it is uniform over the Gaussian surface) and rather simply integrate over the total surface
area. Subsequently, we divide through by this quantity obtained from integration and read
off the stength of our electric field. Note: we had to know the directiof®if begin

with in order to calculate its magnitude. This is typically achieved by invoking symmetry
arguments.

Synthesis Example:

A solid nonconducting sphere of radius R =5 Ocm isfarmly charged with a density

m ¢ #H , (a) what is the electric field 20cm from the center of the sphere? (b) What
is the electric field 60cm from the center?

Solution:
Using Gausso | aw:
. N
AP —
R
(a) For r = 20cm, we are inside the sphere, and the Gaussian surface is just the spherical

surface 20cm away from the center, and the quantity q is the total amount of charge
enclosed by this Gaussian surface.

Therefore,
. Nb
%X O —
R
- 8
%X A =
% p v TTHH .

(b) In considering r = 60cm, we find ourselves outside the spherical distribution of charge,
and the Gaussian surface now is the spherical surface 60cm radially away from the center,
and the quantity g happens to be the entire chdrgarrosphere as it still has to be the

total amount of charge enclosed by our Gaussian suifldoge that the radius of the
Gaussian surface differs from that of the surface extent of our charge distribution

Therefore,

. Mo
%X O =
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- 8

% AW =———

% CoQp Tk .

Electric Potential Energy: The general definition of electric potential energy is the same
as the definition of other types of potential energy:

0%3 5 5 7

where W is the work done by the electrostatic force on a point charge during a
displacement move from positio "Q

At infinity, the potential energy is defined to be 0, and so by applying the definition
above, the potential energy at any posittan be expressed as:

5 7

where7 is the work done by the electrostatic force on the point charge as the charge is
displaced from infinity to the particular point of interest. Note that the work done on the
same point charge in displacing it from thertpcular point of interest out to infinity is
simply 7

Electric Potential (V): This quantity is defined as the electric potential energy per unit
charge:

5 5
N
Electric Potential Difference (}"’T d,
.. .. Yo

If a point charge is displaceflom one point ‘Qto another "Q, the electric potential

difference between these two points can also be calculated using the electi@afield
follows:

Yo » (€]0 9]

Here'Qbis the path element froif®o "Q If a charge is broughttom infinity (where V=0)
to some point, then the potential at that point is just:
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W [e}ee )

Example:
The magnitudeE of an electric field depends on the radial distaneecording toE =

A/r3, whereA is a constant with the units of v@libic meter. In terms d&, what is the
magnitude of the electric potential difference betweerl.00 m ana = 4.00 m?

Solution:

V=, —Qi - — - — @R

If there is a scattered distribution of multiple point charges, the total electric potential at a
given point can be found by summing up the potential generated by each point charge:

& B —=—1B -

For a continuous charge distribution, the summation becomes an integration once again:

w _—

Capacitance The capacitance C of a capacitor is defined as:
n 0w
or,
0 -andV=

The capacitances of difference types of capacitors can be determined through the use of
Gauss6 Law and the definition of potenti al
are some examples of such:

The capacitance of a parallghte capacitor wit an area of A on any one of the plates
and having a separation distar{ees:

-5

°
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The capacitance of a cylindrical capacitor of length L, inner radius a, and outer radius b
is:

;
g 22
w

0 c¢“-

Thecapacitance of a spherical capacitor with inner radius a and outer radius b:

“ (I)(I)
o T - —=

The capacitance of an isolated sphere of radius R is:

06 1“-R

Capacitance of capacitors in series

5 P
P
B ¥
Capacitance of Capacitors inparallel:
0 0
Potential Energy (U) stored in a capacitor
Y —=-6w
Energy density of the electric field
0 P. O
C

Electrical Circuits

Series Circuit:
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Y Y Y Y Y E
Parallel Circuits:
P P P P P &
Y Y Y Y Y
Power:
0 Ow OY ©
y Y
RC Circuits:
() Charging a capacitor:
n 063 p Q
(ii) Discharging a capacitor
n na
Magnetism
Magnetic Force on a test charge:
D AN &
Magnetic Force on a CurrentCarrying Wire :
® )P P

Torque on a Current-Carrying Coil :

a tD IID
The Biot-Savart Law:

R

where
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t TAPTT A4S p& @ pmMm4i4-

ABE BOA OU ATTA T AN DEAGOEAEI @ x ET C

For a continuous current distribution, the magnetic field can be calculated by carrying out
an integration of the above formula.

Ampereds Law
"DOARO t E

Here,AB® a small element of a clos#éutegration loop. This law provides us a way to

calculate the magnetic fiel@if we can exploit some kind of symmetry in the current
distribution and find a convenient closed loop to serve as the integration path.

NOTEE The applicati®nsiomi lAamper@eoshadatawofi Gauss
of electric fields. As such, please refer to earlier notes.

Faradayds L awA andngelinmtgnetic fiwothrough an area that is bound
by a closed conducting loop induces a current along the loop.

g
- A O

Here,8 is the magnetic flux and is defined 8s: _ "2AIB or simply,5 =BA if "Pis
uniform and perpendicular to the area, .and an induced voltage, or what is known as
an induced emf (electromotive force).

If there exists a colil of N turnastead of a single loop, the induced emf is, in general:

g
- " AO

L e n z 6 s Anlinduged current has a direction so that the magnetic field due to this

induced current opposes the change i n magne

negativesigm@ ppearing in Faradayés Law of I nductio

By applying Faradaydéds Law and Lenzds Law, 0 |

an inductor.

*Example 1 (changing magnetic field):

A rectangular wire loop of length = 40.0 cm and widthV = 25.0 cm lies ira magnetic
field " . What are the (a) magnitude of and (b) direction (clockwise or
counterclockwised o r A nan=e® ofitfe emf induced in the loop '®

@ pmATO&E?
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Solution:
(@For® ¢ p m4T0OE

d dB
w = Trk = A4t = (0.400 mx 0.250 m)(0.0600 T/s) = 6.00 mV,
or] | =6.00 mV.
(b) Using Lenzdés | aw, one can easily see tha

*Example 2 (changing area):

A metal rod is forced to move with cstant velocity¥ along two parallel metal rails,
connected with a strip of metal at one end. A uniform magnetic field of magmtude

0.350 T points out of the page. (a) If the rails are separated=¥5.0 cm and the speed
(constant) of the rod is 55.0 cm/s, what emf is generated? (b) If the rod has a resistance of
18.0g and the rails and connecting strip have negligible resistance, what is the current in
the rod? (c) At what rate is energy beingnsf@rred into thermal energy?

L L] L] L L L] L]

,T o siffe o ¢
| s o o]l o s =
s & » .E. . »
Solution:
(a)
e=BLv=(0350T)(0.250m)(0.55m/s)=00481V .

(b) By Ohmdés | aw, the induced current 1is

i =0.0481 Vv/18.0 = 0.00267 A.
By Lenzds | aw, the current is clockwise.

(c) The power is:
P = PR = 0.000129 W.

*Example 3 (changing angle):

A rectangular coil oN turns having a lengtaand widthb is rotated at frequendyin a
uniform magnetic field®, as indicated in the figure below. The coil is connectedo co
rotating cylinders, against which metal brushes slide to make contact. (a) Show that the
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emf induced in the coil is given (as a function of tithiey

£ =27 fNaBsin(2mft) = £ psin(2h).

Shding contacts ™

B
y A R
=4 [
Solution:

It should be emphasized that the result, given in terms ofasft)(2could as easily be
given in terms of cos(& ft) or even cos(a ft + n) wheren is a phase constant. The
angular positiorf of the rotating coil is measured fromnse reference line (or plane),
and which line one chooses will affect whether the magnetic flux should be written as BA
cosf, BA sinf or BA cos( +n). Here, our choice is such that; = BAcosg. Since the

coil is rotating steadilyf, increases linearly with time. Thys=5t (equivalent td =

2 A ft) if [ is understood to be in radians (andvould be the angular velocity). Since the

area of the rectangular coil i's A=ab, Far ada
d(BAc d 2
o= n3(BA0%) NBAM NBal2 pisin(2 A

dt
which isthe desired result. The second way this is writkesi((2A ft)) is meant to
emphasize that the voltage output is sinusoidal (in its time dependence) and has an
amplitude ofro= 2 f NabB.

*The above 3 examples are cited from Chapter 30 of Fundamentalbf Physics by
Halliday & Resnick (9™ Edition)

LC Charge and Current Oscillations

ANpN
70 #.

Alternating Currents; Forced Oscillations:
. . OB
and the driven current is:

27|Page



Physics STEM GUIDE

E )OBD n
whered =
Maxwell 6s Equations
) N
RAD  —
"DOAID 7T
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RNO 70
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A. DIMENSIONAL ANALYSIS

Dimensional analysis is a problem solving method in which units are used to guide
the calculation. Use the following steps to help you sefoup calculation correctly:

1. Identify the given infomation (magnitude and unit)

2. ldentify the desired unit in thiegnal answer (the new unit)

3. Determine the conversion factors needed and write it as a ratio

4. Set up your solution so that the given unit cancels out and the desired unit remains

€ Qo0 ¢ QO

R Q“Q QU Q& QO

Example:
Convert 450 g to kilogram (kg)

1. Given information: 450 g

2. Desired unit: kg

3. Conversion factor: 1 kg = 1000 g (metric prefix kilo, k = 1000)
4. Setup:

00 4
eQQrumpnTmnauQQ

| OkAOTCEDOEARAT T | Ell @EN 0 OAEZEAED@DOPABRA
am unit cancels out the gram unit in the given; only the unit kg remains when the
calculation is carried out

Note that the same type of setup is used when doieglatbns involving the
mole and stoichiometric calculations in sections B, C and D of this guide.

A. THE MOLE CONCEPT
The mole concept is probably the most important concept in chemistry and
usually the one students have the most difficulty with! The rookeept is the
bridge or the link between the microscopic world of atoms, molecules and ions
and the macroscopic world in which we measure in grams.
1 mole of any substance = 6.022 x 2@nits of that substance

Al ways remember that the mole is simply
simply means 12. ' td6s just molanmdassisi t 60s a Vv
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the mass of one mole (6.022 x?3Qnits) of any substace in grams. The molar
mass is calculated by summing the masses of the atoms in one unit of the
substance. The atomic masses are obtained from the Periodic Table.

Example 1
Calculate the molar mass of watep(H
Solution

Sum the masses of 2 hydrogédoms and one oxygen atom. From the periodic
table, the atomic mass of H=1.01 g and O = 16.00 g.

Molar mass of KO = 2(1.01 g) + 16.00 g = 18.02 g

Example 2
What is the mass of 1.75 moles of0?

Solution

We can calculate the mass of 1 mole eDHcalled the molar mass: see example

1). We can then use the molar mass to calculate how much 1.75 moles would
weigh in grams. This is an example of the dimensional analysis introduced in
topic A.

p P cQ

U P& w e Uwpae@u

o@Q

Similarly, by using the inverse of the conversion factor, we can convert grams of
a substance to moles of the substance.

Example 3
How many water molecules are in 1.75 moles gD®
Solution

We can use the definition of the mole to determine how manis (in this
example, molecules) are in a given number of moles.

) DO TL G E GQO6 & QI
§E &8 QWOH QP i E DO 6o WP T AE
pa € ®O

P8I U T 00 G &€ A Qo a Qi

Similarly, by using the inverse of the conversion factwe can convert the
number of units of a substance to moles of a substance.
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B. STOICHIOMETRY
This is the calculation of the mass relationships between any two substances in a
chemical reaction. The quantity of one sidmce (the given) is used to calculate
the quantity of a second substance (the unknown) using the following steps:

Molar mass Moleratio Molar mass
of known from equation of unknown

Mass of known (g)A moles of knownA moles of unknownA mass of unknown (

The information above the arrows show the conversion factor required for each
step.

Example 4

Nitrogen (N) and hydrogen (b react under certain conditions to form ammonia
(NHs) according to the following equah: N2 (g) +3 H( g ) ¥(@2 NH
(a) How many moles of hydrogen are required to completely react with 2.50
moles of nitrogen?

(b) How many grams of ammonia can be formed from 6.35 g of hydrogen?

Solution

(a) We are given moles of the known (2.50 mofaegen) and we asked to find
moles of the unknown (hydrogen) therefore we only need the second step in
the diagram (moles of known to moles of unknown using the mole ratio from
the equation). According to the equation, 3 mol of hydrogen react with 1 mol
of nitrogen (3 and 1 are the coefficients in the balanced chemical equation).

6D @TEDR 0l D @ é D
pa € a

(b) We are given grams of the known (6.35 g hydrogen) and asked to find grams
of the unknown (ammonidherefore we need all the steps in the diagram
above. First we must convert the grams of hydrogen to moles of hydrogen
using the molar mass of hydrogen; next we must use the mole ratios from the
equation tccalculate the moles of ammortfeat would be faned; lastly, we

must convert the moles of ammonia to grams of ammonia using the molar
mass of ammonia.
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C. LIMITING REACTANT CALCULATIONS

Stoichiometric calculations like the ones in part C usually have only one piece of
known information. This assumes that the other reactants in the equation are
present in sufficient quantities to allow the known to catgdy react. But what
happens when this is not the caga®m your point of view, you should recognize

a limiting reactant problem by the fact that the problem has two known
substancesThe limiting reactant is the one that will get used up in the @acti
some of the other reactant (the excess reactant) will be left over (unused) when
the reaction stops. How much product can be made will therefore depend on the
limiting reactant. These calculations require us to identify which reactant is
limiting andthen use that substance to calculate the amount of product that can be
formed.

There is more than one way to approach this calculation: my preferred method is
asfollows:

1. Calculate the moles of product that can be formed from reactant A
2. Calculatethe moles of the same product that can be formed from reactant B
3. Compare the results from step 1 and 2: whichever reactant forsmaaher
amount of product is the limiting reactant and that amount of product will be
theamountthat can actally be formed from the reaction.

Examplé:
Nitrogen (N) and hydrogen (k) react under certain conditions to form ammonia
(NHs) according to the following equation: 2Ng) + 3 H ( g ) (@R NH

(a) How many moles of ammonia can be formed when 2.50 moles of hydrogen
are mixed with 0.955 moles of nitrogen ?

Solution

You should recognize this as a limiting reactant calculation because there are 2
knowns given: 2.50 mol +and 0.955 mol N Treat each reactant as a separate
calculation in determining the moles of klthat can be formed.

1. First we calculate the mol NKrom mol H:
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‘¢ 80 8),,@‘cdéﬁ"0 ® ¥ £ 65O
a € a ™ £ W——F € a
G o ¢ ® PR X
2. Next we calculate the mol NKrom mol No:
., . . CAEB0
ae00 T™WUVDEO W—F— pPSmeaO
pa € b

3. Compare the results:2Hgives the smaller amount of NHherefore His the
limiting reactant and 1.67 mol ithe amount of NKl that can be formed.

D. REACTIONS IN AQUEOUS SOLUTION

A solution is a mixture in which one or more substances (the solute) is/are dissolved
in another substance (the solvent). Water is the most common solvent on the planet;
solutions inwhich water is the solvent are called aqueous solution.

The concentration of a solution tells us how much solute is dissolved in a given
amount of solution. The most commonly used concentration unit in chemistry is
molarity (M).

LA EiE DEAO0Q

DEAOINR0 ————m——— . o,
o0 QOQNE a6 0 Qe ¢

We can calculate the quantities in chemical reactions that occur in solution using the
same principles developed in the preceding section. Instead of the amount of the
known being given in moles grams, we are usually given the molarity and volume

of the known. This can be used to determine the moles of the known and then the
calculation proceeds as before.

Example 6

What is the molarity of a sodium hydroxide solution (NaOH) if 20.0 mL is
neutralzed by 32.5 mL of 0.255 M sulfuric acid solution.G0y)?

Solution

This is an example of a titration problem. Since it is also a stoichiometric problem,
we must start with a balanced chemical equation in order to have the required mole
ratio between thknown and the unknown.

2 NaOH (aq) + HSQs (ag)A NaSQu (aqg) + 2 HO (1)
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In this example, the known is sulfuric acid since we know both its molarity (0.255 M)
and volume (32.5 mL). We can determine the molesuldfirsic acid by rearranging
the equation above for molarity:

Moles of solute = Molarity x Liters of solution
Therefore:
mol H;SQ: = 0.255 M x 0.0325 L = 8.29 x famol H.SOy
(Note that we converted the volume from mL to L)
We then use the motatio from the equation to find the moles of NaOH:

.Caeawi o

asEa®L O WP T AED®Y O————— WP TT AE WO O
U p PG E DY P @p

Lastly, to find the molarity of the NaOH solution, we divide the moles of NaOH we
calculatedn the previous step by the volume of NaOH stated in the problem:
Molarity of NaOH = 1.66 x 1® mol NaOH / 0.0200 L NaOH

=0.829 mol/L or 0.829 M

E. THERMOCHEMISTRY

Thermochemical calculations usually are trying to find the heat energy absorbed or
released in physical process (for example, changes of state, dissolving) or chemical
processes (reactions). The amount of heat absorbed or released can also be used as the
starting information to determine the quantities of substances inviolvedctions.

Some important points to remember in these calculations:

1. Heat changes have signs attached to the quantities: the positive and negative signs do
not mean that the value is less than or greater than zero! Insteawyrtheell us the
direction of heat flow. A positive sign means the system is gaining energy (think about
making a deposit into your bank account). A negative sign means the system is losing
energy, just like a withdrawal from yoaccount has a negative sign in your statement.

2. The hat value given in a thermochemical equation applies to the moles of each
reactant and product in the balanced equation.

Example:
N2(9)+3H(g) 2 2NH:( g) -92.4kJ pH =
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a.-92.4 kJ: the negative sign means heat is released when the reaction occurs going from
left to right (an exothermic reaction). The reverse reaction would have an enthalpy value
of +92.4 kJ, which means heat is absorbed (the reverse reiaatiotiothemic).

b. We can write conversion factors using the enthalpy valt@204 kJ and the moles

the equation as follows:

W@ w8 QL wa& Qv
PAEDB 'CAE® 'caé BO

Make sure when you write your conversion factors that you idlude the actual
number of moles from the balanced equationWhat do these factors tell us? It says
that when 1 mole of Nreacts according to the equation, 92.4 kJ of heat is released; when
3 moles of H reacts according to this equation, 92.4 kJ of lsealeased etc.

Clof you multiply an equation by a factor, yc
you reverse the equation, you must reverse t
Example 7

Consider the following resion:
2Mg(s)+Q(g) Y 2 MgO ( s-)204kJ

(a) Is this reaction exothermic or endothermic?

(b) Calculate the amount of heat transferred when 3.55 g of Mg (s) reacts at constant
pressure.

(c) How many grams of §O are produced during an enthalpy chang@®# kJ?

Solution
a. The reaction is exothermic because the sign of H is negative.

b. The equation tells us that 1204 kJ of heat is released for every 2 moles of Mg that
reacts. Therefore, if we convert 3.$81g to moles (using the molar mass of Mg), we
can use the heat: moles ratio from the equation as a conversion factor.

00 o v "ap LI E8 Q. pc T 00
¢ compw o caenn Y

C. In this question, we are told how much héas produced and asked to use this
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information to calculate the amountof MgO that is formed. The equation tells us that
1204 kJ of heat is released for every 2 moles of MgO formed: we can use that
information asa conversion factor. Think about it this way: if 602 kJ of heat was
released (haltfhe amount in the equation), it means 1 mole of MgO (half the amount in
the equation) must have formétle then convert the moles of MgO to grams of MgO
usingthe molamas of MgO.

Our strategy then:
Convert the given-234 kJ)A mol MgO using conversion factor of moles: heat from
equationA grams MgO using molar mass

o "0 o, O 6 E 800 T B0 "0
¢ b ¢o ocan®pa ¢ b Qb

p & "Q0
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Zahidur Rahman Engineering

DC CIRCUITS
BASIC CONCEPTS OF ELECTRIC CIRCUIT

Electric Circuit

Definition: An electric circuit is an interconnection of electrical elements. It consists of
three basic elements:

1 abattery
1 alamp
1 a connecting wires.

Current
—

Figure: A Simple Circuit

Charge

Definition: Charge is an electrical property of the atomic particles of which matter
consists, measured in coulombs (C). 1 electron (e) has a charge of 1.662Zxb0 1
coulomb (C) = 6.24 x18e

Law of conservation

Thelaw of conservation of charggates that charge can neither be created nor destroyed

only transferred. Thus the algebraic sum of the electric charges in a system does not
change

Electric Current

Definition: Electric current ighe time rate of change of charge. Unit of current is
Ampere

Two types of current:
91 Direct Current: A direct current (dc) is a current that remains constant with time.

y

@) ' (b)
Figure: (a)direct current (bplternating current
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1 Alternative Current: An alternating curttefac) is a current that varies
sinusoidally with time.

Voltage
Definition: Voltage (or potential difference) is the potential energy required to move a
unit chargehrough an element. Unit of voltage is volts (V).

Power and Energy
Definition: Power is the time rate of expending or absorbing energy. Unit of power is
watts (W).

P=dWidt
wherep is power in watts (W) is energy in joules (J), ands time in seconds (s).

P=vi

Example
How much energy does a 10 electric bulb consume in two hours?

Solution:
Energy is the capacity to do work, measured in joules (J).
We know, Energy, wpt=powerxtime | p= power=100w, time t=2 hours=7200s

Sow = 100 (W) x 2(h) x60 (min/h)x60(s/min)
= 720,000J= 720kJ

BASIC LAWS

Oh mdé s Alresigtor is a passive element in which the voltageross it is directly
proportional to the currentthrough it. That is, a resistor is a device that of@ys mo s
law,

V=i

whereR is the resistance of the resistor.

ResistanceA cylinder of length and cross sectional ar@éaas a resistance:

where
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R=resistanceofam| ement i n ohms Y
} = resistivityneteed the materi al I N
| =length of the cylindrical material in meters

A= cross sectional area of material in méter

ConductanceConductance is the ability of an element to conduct electric current.
Units of conductance is mhas ) or siemens (S).

G=-

Exampl e of: Ohmés Law
An electric iron draws 2 A at 120 V. Find its resistance and conductance.

Solution:
From Ohmbés | aw,

v=iR

Resistance is
R=- — o1

Conductance is
0 - — ™ok

Short circuit and Open Circuit

Definition: A short circuit is a resistor (a perfectly, conducting wire) with zero resistance
( R=0). Just drawn as a wire (line).

Definition: An open circuit i 3ustamiteesi st or wi

Branches, Node and Loop

Branches: A Single twerminal element in a circuguch assoltage source, resistor, and
current source

Node: The point of connection between two or more branches. A node is usually
indicated by alotin acircuit.

Loop: Any closed path in a circuit.

Branch TheoremA network with b branchesn nodes, and independent loops will
satisfy the fundamental theorem of network topology:

b=I+n-1
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Example Determine the number of branches and nodes in the following circuit.

50

A

’7- LAY

ov@®  Zea (2

Solution:
Branches: The circuit has five branchesi Yvoltage source, the-2 current source
and three resistors.

Nodes: The circuit has three nodes: a, b. and c.

Common Mistakes Correct Statements
Circuit has six nodes: a,b,c,d,e,and f Circuit has three nodes: a, b, and c.
Notice that the three points that form a single node c (just wirg
.
e =+ = Y A
‘ 1, ) 7N —— 10V I“'—T-j :: &0 I‘k}_;"l 2A

Alternative Method to determine branch:

Using the branch theorem, number of branches, b&H+8+31=5

Kirchhoffdéds Current Law (KCL):

Definition: KCL states that the algebraic sum of currents entering a node ( or a closed
boundary) is zero.

Example: Consider the node in the following Figure

S
i]\\‘ E/’
/ -

Figure: Qurrents at a node illustrating KCL

Applying KCL gives,
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i1+ (-i2) + i3 +i4 +(-i5)=0 (Assume incoming current in a node is
positive and outgoing current is negative)

Alternative Method
The sum of the currents entering a node equals thetauarrents leaving the node.

i1+ i3+ia=i2+is

Kirchhoffds Vol tage Law (KVL):

Definition: Ki r chhof fés voltage | aw (KVL) states
around a closed path (or loop) is zero.

Procedure:
1 Stepl: Start with any branch in the circuit

1 Step 2: Go around the loop either clockwise or counterclockwise.

1 Step 3: Sign on each voltage is the polarity of the terminal encountered first as we
travel around the loop.

1 Step 4: Voltage rises is negative (go frono + terminal) and drop is positive (
go from+ to-).

1 Step 5: Sum of voltage drop is equal to sum of voltage.rises

Example:
Apply KVL in the following circuit:

Figure: A singleloop circuit illustrating KVL

1 Step 1:Start with the voltage source as first branch,

1 Step 2: Go around the loop clockwise

9 Step 3: Sign on each voltage is the polarity of the each branch suchvasvs (
Keep in mind current always entering resistance into positive terminal)

T Step4d: -vitva+val 4¥vs=0

1 w2+ vs+vs=vi+ vs(Sum of voltage drops = Sum of voltage rises)
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CommonMistakes

2¥ vs=0 DO NOTAVOID (-) SIGN, when you start from the voltage souvge

V2 =0 DO NOTAVOID (+) SIGN, when you start from branch 3.

Series Resistors and Voltage divisions:

Definition: The equivalent resistance of any number of resistors connected in series is the
sum of the individual resistances.

Example:
The two resistors are in series in the following circuit, because

1. they are connected sequentially end to end
2. the same currentflows in both of them(Note that when elements are series, the
same current flow through them).

i R R
ia 1 2
———o—AA—————AAYY
+ III — + '!"] —
v ()
WA

Figure: A singleléop circuit with two resistors in series.

Therefore, the two resistors; R=1/G;) and R (1/G;) can be added by an equivalent
resistorReq and conductancBeq; that is,

Rq=R1+R> and O —_—

Voltage divisions

Definition: The principle of voltage division is that the source voltagabove circuit)s
divided among the resistors in direct proportiontheir resistances. The circuit in the
above figure is also called a voltage divider.

Example: According to voltage divider, voltage across each resistor in the above figure
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Parallel Resistors and Current Division: —

Definition: The equivalent resistance of two parallel , <~ = _ 2
resistors is equal to the product of their resistances T T T
divided by their sum.

Node b
Example:
When two resistors R=1/G1) and R (1/G) are in parallel, their equivalent resistance
Reqand equivalent conductanGgq are

2P Py T
Y Y Y Y Y
0 0 O

Figure: Two resistors in paralkl.

Current Divider:

Definition: The total curreni is shared by the resistors inverse proportion to their
resistancesThis is known as thprinciple of current divisionand the circuit in the above
Figure is known as eurrent divider

Example:

The current division principle for two resistors in parallel is
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Common Mistakes
Correct Statements

Note: If you want to find the current through the resistor R1, you must multiply by the opposite resistor and

total current and dividby the sum of two resistors.

Deltad A Wye Transformations:

Formulas for a wydo-delta transformatian

2

(Sum of all possible products 6f resistors taken two at a time, divided by the opposite

Y resistor)

2

Figure: 3 OPDAODT OEOQETT 1 £ 9

(Sum of all possible products of resistors taken two at a time,

divided by the opposit& resistor)

2

(Sum of all possible products of resistors taken two at a time,

divided bythe opposité/ resistor)

Formulas for a deltaod i to wye (Y) transformation:

2

—— (Product of the resistors in the two adjacgriranches and divided by the

sum of the threepresistors)
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2 ——— Product of the resistors in the two adjacertbranches and divided by
the sum of the thregresistors)

2 —  (Product of the resistors in the two adjacembranches and divided by

the sum of the thregresistors)

Note: The numerator is the same for gdconversation and the denominator is same for
Y conversation.

Example: =~ f e A e em oA e e s s s
#1171 OA0OO OEA 3 1 AOx1TI OE ET OEA Al 111 xET C EECOC
a . R*_\ b a b .
\ 250 B N w
\‘x\ usa 750 /
K R /A"L-Rl_,’-
\:_—zém o 15 Qx-':}{h \\\/ ) .
', / . Ry -:« Q.
"\ Vs ._‘. - -',
\1 r / ‘1
(a)y (b
&ECOOAY jAQ i1 OECETAI = 1TAOxi OER jAQ 9 ANGEOAI A
Solution :

Using Delta to Wye formula,

" Yo Yo pTGU GUuUT

* Yo Yo Yo pmMcGUPUL LT o
Yoo Yo pucgu axu N

S Y Yo Yp pmcu puL UT[XU

. Yo Yo puUp T puT

Yo oll

Yo Yo Yo pTTGU PUL LT

METHODS OF CIRCUIT ANALYSIS:
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U Nodal analysis: Ageneral procedure to find all the node voltages in a circuit.

The analysis is based on KCL and Ohmos
U Mesh analysis: Ageneral approach to find mesh currents that circulate around
closed paths in the circuit. TRen al ysi s i s based on KVL an

Nodal Analysis:

Steps to determine node voltages

1. Select a node as the reference node. Assign voltages, € n1.to, thev
remaininge¢ p nodes. The voltages are referenced with respect to the
reference node. (Reference node is commonly calledyritnend since it is
assumed to have zero potential).

2. Apply KCL to each of the p nonr ef erence nodes. Use O
express the branch currents in terms of node voltages.

3. Solve the resulting simultaneous equations to obtain the unknown node
voltages

Example:
Calculate the node voltages in the following circuit.
5 A
(=)
442 -
1 AN = |
20 = 6 02 (’T":J 10 A

Solution:
Step 1:The reference node(v=0)is selected nodes 1 and 2 are assigned voltages and v,
respectively.
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1 Note: The node voltages are defined with respect to threference node

Common Mistake Correct Statement
1 0OOBCT MATAT @ 1 OOBCT WATAT AA £A O ATARA
5 M
o
fin=s — ti=s
iy 10 . ;'4:_|0
1 AN —
b sy
oA 293:'5_ 6ﬂ§ (4 10a
10

Step 2: At node 1, apply KCL and Ohmés | aw

Common Mistakes:

T Q Q Q =

T .17 ®kKAa0i AKIEN AT 1 ABDERNDADEIAOOCA BD QM
v —— ——(Note: Qurrent flowsfrom a higher potential to a lower potential in a
resistor.)

Multiplying each term by 4, we obtain

¢cmouU U U

or

oL L ¢qmeéeéeéeée. . (1)

At node 2, we do the same thing and get
i, +i, =i, +ig

v 5:v2-v1+v2-0
4 6

Multiplying each term by 12 results in
o O PCTET CL

Or
ob w eR888888jcq
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Step 3: Solve the unknown node voltageandv.. Using the elimination technique, we
add Egs. (1) and (2)

4vo,=80 == \»,=20V
Substitutingv>=20 in Eq. (1) gives
v1=13.33V

Nodal Analysis with Voltage Sources:

1 Case 1: The voltage source is connected between-geference node
and the reference nod€he nonreference node voltage is equal to the
magnitude of voltage source, and the number of unknowsreference
nodes is reduced by one.

1 Case 2: The voltage source is connected between twoefenenced
nodes: a generalized node (supernode) is formed.

Example:
Consider thdollowing circuit with a super node.

4Q

Supernode
WAL
20 1

v — - v3)

&

10V 9 8Q 6Q

Figure: A circuTt with super node
Case 1: 10\source is connected between a-neference node: and reference node.

Sovi=10v

Case 2: 5V source is connected between tworafarence nodes andvs . So a
super node is formed betweerandvs

1 A supernode is formed by enclosing a (dependent or independent) voltage
source connected between two freference nodes and any elements
connected in parallel with it.

1 A supernode requires theapplication of both KCL and KVL.
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Example:
Find the node voltages in the following circuit.

3l I?Q‘
T NN

( 2V
" / \

Solution:
1 Step 1: The super node contains thé 2ource, nodes 1 and 2, and the 10
Y Resistor
1 Step 2:Applying KCL and KVL gives to the super node as shown in the
above Figre
Common Mistake Correct Statement
¢ Q Q 0 x ¢ Q Q ¥
Note: Make sure there is no current flow inthe super node
¢ Q Q x
2=—  — X

0 CmcL 88888888 p

Now we apply KVL to the super node
D U ¢888888BBIY8ERB

Using the elimination technique, we add Eqgs. (1) and (2)

vi=-7.33V andv;=-5.33V
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CommonMistake:
T 0 0 p@ ™

(Note that the 10, resistor does not make any difference because it is connected acrog
theparallels 31 ECIT T OA YOEA pnll OAOGEOOIT O

Mesh AnalysisA generalapproach to find mesh currents that circulate around closed
paths in the circuit. 't is based on KVL and

Steps to Determine Mesh Currents:

1. Assign mesh currents, i, & to the n meshes

2. Apply KVL to each of t heepressthmmelagesin. Use Oh
terms of the mesh currents.

3. Solve the resulting simultaneous equations to get the mesh currents.

Example:
Determine the mesh current in the following circuit.
I R L R,
a —» b —» c
AV AW
L
i

Vi @ ﬁ‘) < R q )7

f e d

Figure: A circuit with two meshes.

Step 1. Assign mesh curremi@indiz to meshes 1 and 2.
Step 2: we apply KVL to each mesh.
For mesh 1,

w Q¥ M QY mEY
QY QY
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Alternative:

QY 0OY N0 T 71Q
For mesh 2,

QY M QY mnéE'yY
Alternative:

Y © QMY mey
QY o oY =

QY Q0 QY W

CorrectStatements
0w qy M QY L

Y o N QY =«
0 Q0 Q

Step 3: Solve for the mesh currents
eR+R, - R @é;ilz eV, g

< =—

§-R  R+RE.0 & Vol

Mesh Analysis with Current Sources

Example:
A circuit with a current source in the following kig

4 Q 3Q
AW MW

0v () f,,) §6Q @ O

Figure: A circuit with a current source

Procedure:
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Case 1:
1 Current source exist only in one mesh in the abover€ig
3 hQ Lo

9 One mesh variable is reduced

Case 2:
1 Current source exists between two meshes, a-supsh is obtained.

Supermesh:

1 A super mesh results when two meshes have a (dependent, independent) current
source in common. For example, the following Figure $dirce is common in
both meshes.

6 Q
’ AN
20v () @ :

] L 6A QT)
o ” ;,\
h a0 7 b
T Exclude these (b)

(a) elements

Figure: (a)Two meshes having a current source in common (b) a supermesh, created by excluding the current source

10
MV
‘ 6 Q 10 ©

!
- o

\—

@ - 20v () @ @ a0

Procedure:

Step 1: Using KVL and Ohmés | aw to the super

Step 2: Using KCL due to the current source.
Example:
Find QAT RO OHTAQOE Al intheEalove Figre
Stepl: Applying KVL to the super mesh in aboveure
CTT Q piQ TQ T
0Q pMQ ¢BB88888p
Step 2: Applying KCL to the current source

Q Q peéeeée(p
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Common Mistakes Correct Statements

cn}p"QApi'Q I'Q~1T A o o o
i -000 AgAl OAA OEA A Oésidtdricd) O OOAA
N 0 ¢
= OREROMOEIDRA [ ARE OA R EBTIDI@A OOA A
Al REDACAREDAEDD DT AEOA A GEOIOMATOMA A

Solving Egs. (1) and (2), we get

1=3.2A, i2=28A

CIRCUIT THEOREMS:

Superposition Theorem:

Definition: The superposition principle states that thidage across(or the current
through) an element in a linear circuit is thigebraic sum of the voltage across (or the
currents through) that element duest©CH independent source acting alone

Steps to apply superposition principle:

Step 1:Turn off all independent sources except one source. Find the output (voltage or
current) due to the active source using KVL, KCL, nodal, or mesh analysis.

Step 2:Repeastep 1 for each of the other independent sources.

Step 3:Find the total contribution by addir@gebraicallyall the contributions due to the
independent sources.

Two things have to be keep in mind:

1. When we say turn off all other independent sources:
1 Independent voltage sources are replaced by OsNor{

circuit)
1 Independent current sources are replaced by 0oper(
circuit).
2. Dependent sources intact because they are controlled by

circuit variables.

Example:
Use the superposition theorem to finoh thefollowing circuit.
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AANA
6v i 4Q o
3A is discarded by _o

open-circuit

6V 4Q ) . > a0z @ 3a

6V is discarded
by short-circuit

|~

(b)
Figure: Example of superposition theorem

Solution:
Let, vi and v be the contributions of two sources 6V voltage source and 3A current
source.
According to linearity we can write,
VN VIRV

Step 1: Tabtain v we set current source open circuit or OA asiFéga) circuit.

We can use voltage division to get

0 — ¢ Cd)(Note: We can use any method such as voltage division, mesh or nodal analysis to sg)jve for
Step 2: Repeat step 1 for other independent source (3A) .

To obtain ¢, we set voltage source short circuit asulrggb) or OV

We can use current divisida get,

"N — o O (Note: We can use any method such as current division, mesh or
nodal analysis to solve fap)

Hence,

0 TN YW

Alternative Method to solve fao : Nodal Analysis

O T 0 T
T U
Multiply by 8 to both side of the equation

cO U cCTt
0 Yw

c OAEADATARBA OT 1| OACA
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Step 3: Add all theontributions of independent sources algebraically and find total
contribution

Finally,
V=uv+w=2+8=10V
Common Mistakes Correct Statements
M  Consider two sources at a time Consider only one source at a time
80 8O,
ANAA g
AW LI T
-
—— - ) |
6V B - . 0 1A ‘“Tf @:
1 Voltagesource must be turn off Voltage source turn off ( short cird)i
1 ! DD+ @AOOHIA ¢ Yy 10 ™ Use current division to fin0  —  ¢0

Source Transformation:

Definition: A source transformation is the process of replacinglgge sourcers in
series with a resistd® by acurrent sourcés in parallel with a resistdr, or vice versa.

R
ANV 0 da 0 a

%6 i) i

0 b 0 b

Figure:Transformation of independent sources.

. N/
v, =1 ,R or IS:ES

Example
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Find v, in the circuit shown below using source transformation.

2.8 3Q
MW

4Q§ 3AG> 8Q§+v,) 2V

Procedure:
Step 1: First transform the current and voltage sources to obtain the circuit in the

following Figure

40l Hl

12v(; sz 230 (4)4a

Remark: Ther r ow (y) of the current source is dir-r
of voltage source

Step 2: Combiningthe-¥ and 2 Y the resistors -Vn serie
voltage source.

2.1} !.5:55 MJE;-. E-'H! +41.

Step 3: Combinethe® and 6 Y andelegiostgerns 2i nv.pariel lal
the 2A and 4A current sources to get a®source in the following circuit

!-;HEE!'. fé}u NEL

We use current division in the above Higto get

" C o
Q —— T8 o
C q

g
and 0 Y ocjw
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Theveninds Theorem

Definition: Theveni nos -tdarmnel circwet fFrigeda)acanébs t hat
replaced by an equivalent circuit (Big b) consisting of a voltage sourbkn in series
with a resistoR,

where
1 Vmis the open circuit voltage at the terminals
1 Rm is the input or equivalent resistance at the terminals when the
independent sourae turned off.

o— J—Aw V———————0—
Linear + . +

. T4 ’ r
two-terminal y | Load m(2) y | Load
circuit - -

(a) (b)
Figure:Replacing a linear twéerminal circuit by its Thevenin equivalent: (a) original circuit, (b) the Thevenin
equivalent circuit

To Find the Thevenin Equivalent circuit:

Procedure:
Step 1: Find R Y (Input resistance at the termiraab)

A a-bopen circuited ( by removing the load)
A Turn of al | i ndependent sources (
current source Yopen )

Step 2: Findo @ : Open circuit voltage ad-b using any method such as Mesh,
Nodal analysis, etc.

Step 3: To buildhe Thevenin equivalent circuit using and Rn.

Example:

Find the Theveninbdés equivalent circuit of ¢t
a-b. Then find the current throudh = 6, 16, and 36V.
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4Q Q
MW AMNW—0—
2v () 129§ (1) 24 /gRL
O_
b
Solution:
Step 1: Find R, a-b open circuited ( by removing the load)
40 1 Q
.-_"..-\\f_-\v_n_‘_ -I"'..".\"..-'ﬁ'-\..'ﬂ'-.' 'e) i1
12Q f: K
o b

Note: 32V voltage source® short and 2 A current source® open

4312

Rey = 4ll12+1== _“+1=4W

Step 2: Find W, consider the following circuit@pen circuit voltage &ai-b).

40 Vi 10
J"-."'l.".-'ﬂ'v'*"v J\\"'l.".-'"'v'ﬁv o da
+
Py . = !
3 + < y,
32V | ) @ 120 2 iy I\tfl 2A Vi,
o b

Method 1: Mesh analysis
oC 1TQ pcQ Q

=
o}

co
So'(x= 0.5A
W PCQ Q pgmM ¢ O™

Alternative Method 2: Nodal analysis
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Common Mistakes Correct Statements
Gc 1 o 0¢ 1TQ pc¢cQ Q mhQ co
#1 1 OEA O C O Al 1 x OEOI OCBOOEAAPBHCDROEOOER Ap-hlis @dnO |
€. 2(1) +Vin = No currentflowthrouCE OEA p LI OAOE(
Vin P ¢Q Q
Step 3: The Thevenin equivalent circuit is shown in the followingreigrhe current
through R is
40 2
AN
v
30v (£ gRL
b
0 w
Y Y

WhenR.= 6,

L =30/10=3 A
When R= 16,

L =30/20 = 1.5A
When R= 36,

IL=30/40 =0.75 A
Nortonds Theor em:
Definition: Nort onds ttéarmimalcecot cantba tepased byh at  a

an equivalent circuit consisting ofarrent sourcenlin parallel with a resistor iR

where
1 Inis the shorcircuit current through the terminals.

1 Rw is the inputor equivalent resistance at the terminals when the
independent sourae turned off.
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oda
Linear 0 a l l
h}-‘o-t_erminal —— Iy (f; Ry
circuit o b ‘ ‘

o b
(a) (b)

Figure: (a) Original circuit, (b) Norton equivalegitcuit.

To find the Norton Equivalent circuit:

Procedure:

Step 1: Find Rthe same way we findiRusing Step 1 of Thevenin Equivalent circujR, = Ry

Step 2: Find the short circuit current fr@mo b:

Thevenin or Norton equivalent circuit

1 The open circuit voltage,. = Vi, across terminala andb.
The short circuit current: = Iy at terminalsa andb

=

1 The equivalent or input resistanée =Y — 'Y atterminals

a andb when all independent source are turn off.

Example:

Find the Norton equivalent circuit of the circuit in the following Ui

80
WA O a
|
40Q
I < =
( | < 5
2A(4) L S50
=12V
Ny
50

Solution:

Step 1: To find R in the following Figire
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8 Q

Ry =5l|(8+4+8)

RN

3 4 Q 5Q % —~———

=5/120= 225 - 4w =
25

8 Q

Step 2: To findy in the following Figure. ghort circuit the terminala andb)

8Q p

l ige =1y
@ 4Q

12V 22

8Q

b
(b)

Applying mesh analysis, we obtain
Mesh 1
N v888B8B8BBBB8BB 8P
Mesh 2:
pCc TQ Q Yo Yy mn888IB¢
¢ tQ pg

Common Mistakes

Correct Statements
Q ¢o

pg TQ Q Yo ya

#1 1 OEARO v I OAOEOOAT AR EO x0i1-g060 AA ECI i OA

U

From equation (1) and (2), we get
MQ po Q O

Alternative method for In

MAODO DO AARAREDOEA! 1 1 IREEBDO A

m
@)
D
Ot
¢
9>
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8 Q

'
i
() 340 ()
2A 5Q Vi = Ype

12V
8Q

(c)
1 Mesh analysis

Q ¢b6h ¢ 1Q pc¢ ™

C"Q @0
Co W VQ Tw
Hence,
O — - po
O a
1A 4 Q
o b

Maximum Power Transfer:

Maximum power is transferred to the load when the load resistance equals theilhev
resistance as seen in the loRd £ RrH). R

MV

¢ i
0 QY 2y — vin @ g’R,‘

O

b
Figure: The circuit used for maximum power transfer.

a

OPERATIONAL AMPLIFIERS (OP AMPS) :

1 Op Amp is short for operational amplifier.

1 An operational amplifier is modeled as a voltage controlled voltage
source.

1 An operationabmplifier has very high input impedance and very high
gain.

Al deal 6 Op Amp
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The gain is infinite, A .
Zero output resistance oRO.

= =4 =4 A

The input resistance is infinite;\RD.

The op amp is in a negatifeedback configuratian

Figure: Ideal op an_1p model

Two Important characteristics of the ideal op amp are:

1. The currents into both input terminals are zero:

Q mh

M mn

2. The voltage across the input terminals is equal to zero:

Inverting Amplifier

Norrinverting Amplifier

1 Noninverting input terminal is
connected to the ground.

1 Voltage source; connected to the
inverting input terminal througR

f Voltage gaitn — —

1 Voltage source;connected to
directly at the nofinverting input
terminal

1 ResistorR1 is connected between
the ground and the inverting

terminal
1 Voltage gain,— p —
_fl.‘j.. R_."

R |
> o
iy - +
% (F) %

oy
o
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Steps to solve an Op Amp problem:

Step 1: Apply KCL at one or both of the inputs.
Step 2: Apply two characteristaf the ideal op amp

Q mh Q m
b i O

Step 3: Solve for the op amp output voltage

Example:
Determinev, of the following op amp circuit
40 K
"'-._.-"\_-"-._,."'-\.
20k2 4|
ATAVAVLY - : e o
- ’-____.-"-’ +
i "/-:F\‘. i
Ny 2V iIiZ) T
o S
o

Figure:The op;mp circuit.
Solution:
Step 1: Aplying KCL at node,
0 U @ U
TMPMMNTL T PTTT

U 0 pccu8888ipQ
Step 2:Foranideal op amp,

0 0 688882

Common Mistake Correct Statement
) 0 T 0 ) ¢6
(2V is connected tothe
terminal b)

Step 3: From equation (1) and (2), we get

O o0 pg OogC PG @6
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CAPACITORS AND INDUCTORS:

Capacitor

Definition: A capacitor consists of two conducting plates separated by an insulator (or
dielectric). It can only store energy and can neither generate nor dissipate energy.

Capacitor@ —

. O
- --h - ygoutprm &

Feature:

Three factors affecting the value of capacitance:

=

Area the larger the area, the greaterchpacitance.

2. Spacing between the plat¢be smaller the spacing, the
greater the capacitance.

3. Material permittivity the higher the permittivity, the greater

the capacitance.

Circuit Symbols for Capacitors

i C i C
== . " -
| o o U )
+ v - + v —

(a) (b)
Figure: (a) Fixed Capacitor (b) Variable Capacitor

Charge in Capacitors
g=cv
1F=1C/V

Current in Capacitor, 'Q 0 —

Keep in mind the following things for the Capacitor:

9 A capacitor is an open circuit to dc.
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1 The voltage on a capacitor cannot change abruptly.

Energy Storing in Capacitor

0 0 Eéf) 0 0 0 &
Examples

1. Calculate the charge stored onpR3capacitor with 20V across it.
Solution:

Since,
q=CV

q=3%10"3 20=60pC
2. Find the energy stored in the capacitor

Solution:

The energy stored is

0 géb go pT T T BTt

3. Findthe energy stored in each eagor in the following circuiinder dc condition.

2 mF

ema (}) =3k T = 4kQ
1

Solution:
Under dc condition, we replace each capacitor with an open circuit in the following
Figure.
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—o+ 2 —
2 kQ i
S5KQ =
6mA (4) = 3k ? = 4kQ
[ 5
o
[
Common Mistake Correct Statement
—O+ » —O
: —Oo+ v —
2 k2 »—‘ o ;
MM—] 2k0 i
J\ 5k f‘ S KQ J‘
T = I = TT
sma(}) 3k 7 Z 4KQ ema(}) = 3k0 s Z 4kQ
E2) [ L) ’
[ R f
Owol 1 WO Q¢ ¢
o
Q ofle] a o Q ao a0
G C T oa P& G ¢ 1 () q

By current division,
o
P — a0 ¢ao
O ¢gpmmg PT W

0 TPMNMTMH pPT )

p. . p .
0] -0V - m T *

pc pcc p pgY
0 —-6U0 =1 T W*

C c p U pCl

Inductor:

Definition: An inductor is made of a coil of conducting wire.

. 0“0
0 -
a
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6d Of AIR@OOT O
& Al COE
50 O IR AOBDRA]

‘PAOI AAAEEA @A

Voltage and Energy Stored in an Inductor:

Voltageb — 0 —
Energy0 6 -0Q0

Keep in mind of the following things for an inductor.

9 Aninductor is like ashort circuit to dc.
1 The current through an inductor cannot change instantaneously.

Example:

1. The current through a GH inductor isi(t) = 10e™ A. Find the voltage across the
inductor and the energy stored in it.

Solution:

Sincel 00— wE @ T™O

Voltage isU T — p 1WQ Q p vO6
The energy stored is

00 -0Q06=-(0.1)(100 Q VOQ U
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Summarize the most important characteristics of the three basic circuit elements:

Relation Resistor ® Capacitor (C) Inductor (L)

VI ] L QY o P arQt vo b

V] 0 o = 0 b Ogy

Q q U Q & 2P vtat
0d Y °Qo o Y

N € 10 N QY - 0 =6vu 0 =00

neiog n Y c c

Series: Y YooY o} —_— 0 0 0

Parallel: Y —_— 0 0 0 0 —_—

At dc: Same Open circuit Short circuit

Circuit vaiable

thatcannot

change abruptly: not applicable voltage ¢) current {)

First Order Circuits

Definition: A first-order circuit is characterized by a fimtder differential equation. It
can only contain one energy storage element (a capacigor inductor). The circuit will
also contain resistance.

Two types of firstorder circuits:
1 RC circut

1 RL circuit

SourceFree Circuits:

Definition: A sourcefree circuit is one where all independent sources have been
disconnected from the circuit after some switch action. The voltages and currents in the
circuit typically will have some transient response duenital conditions (initial
capacitor voltages and initialdoctor currents).
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SourceFree RC Circuits:

Procedure:

Step 1: Apply KCL on the circuit
Step 2: Find the differential equation

Example:

Consider the RC circuit shown below

Siman|l

C — v f; R

Figure: RC circuit

Note: It is sourcdree because no sources are connected to the circuit for t > 0.
Solution:

Step 1: Apply KCL to the top node of the above circuit

0 0 T
,Qu
Q0 Y
QL U
00 Y&

Step 2: Solve thdifferential equation

0 »wQ 7

Vo = initial condition

T Y6 0QA@ i 0 WE O

0 ©'Q Tt
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The Key to Working with a Soure&reeRC Circuit Is Finding:

1. The initial voltagev) = Vo across the capacitor.
2. The time constanis

Source free RL Circuit:

Procedure:
Step 1: Apply KVL around the loop in the circuit

Step 2: Find the differential equation

Example:

Consider the RL circuit shown below.

=~

R
=
=

-.‘I' ty R

Figure? RL circuit
Step 1: Apply KVL around the loop,
O U T
. QQ 'O
05 A T
QQ 'Y"Q
Qo6 b

Step 2: Solve the dérential equation to shothat,

9 00—

+ 0
Y

Q  0Q
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AC CIRCUITS
SINUSOIDS AND PHASORS

Sinusoids:
A sinusoid is a signal that hdse form of the sine or cosine function.
1 The sinusoidal current is referred to as an AC. Circuits driven by AC
sources are referred to as AC Circuits
1 Sketch ofVmsin] 0

v(t) v(t)

(a) (b)

Figure: (a) As a function dft. (b) As a function of.

Vmis theamplitudeof the sinusoid
1 is theangular frequencyn radians/s
1 das theargumentof the sinusoid

fis the FREQUENCY in Hertz. ¢“ @& Q@ -

U Tis the period in secondsfY —

Example:
Find the amplitude, phase, period, and frequency ddithesoid

0 pAT 011 pm
Solution:
The amplitude isw  p ¢

The phaseis» p 1

The angular frequency i$: v =38
The period is: T=— —=0.1257 sec.

The frequency iIsQ -= ra— 7.958 Hz
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Phase of Sinusoids:

Definition: A periodic function is one that satisfiegt) = v(t + nT), for allt and for all
integersn.

vy =V, sin(wt + ¢)

Figure: Two sinusoids with different phases.

1 Only two sinusoidal values with tlgame frequencgan be compared by
their amplitude and phase difference.

1 If the phase difference is zero, they Imaginary axis
are in phase. i

1 If the phase difference is not zero,
they are out of phase 25k

EXamQ|e . 0 ¢ * Real axis
Consider the sinusoidabltage having phasé ,

0 wOBIO

Note that the following things in the above circuit:

1 w2 LEADS vi by phasdi
1 w1 LAGS v2 by phasdi
1 wviandw: are out of phase

Complex Numbers and Phasors

Complex Numbers:

Definition: A complex numbemay be written in the following form:
Rectangular form: d o QD N p

W 1 ®&k—1 i Q8 —
Polar form:

a i
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Exponential form:

Phasors:
1 A phasor is a complex number that represents the amplitude and phase of
a sinusoid.
1 Phasor is a mathematical equivalent of a sinusoid with time variable
dropped

v(t) =V, cosit +f) W ¥I f
(Time Domain Repr.) (Phasor Domain Re prestoie)
v(t) = Re{ve'*'} (Converting Phasor back to time)

1 Amplitude andphase differencare two principal concerns in the study of
voltage and current sinusoids.

1 Phasor will be defined from theosine functionin all our proceeding
study. If a voltage or current expression is in the form of a sine, it will be
changed to a cosine by subtracting from the phase.

Examples:

Transform the following sinusoids to phasors:
aQ AT ®n tm
b.0o tOEd®m um

Solutiors:
a. l=6"40°PA

b. Since sin(A) = cos(A+90);
v(t) = 4cos (30t+50+90°) = 4cos(30t+140) V

Transform to phasor =>V = 44Q V
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Phasor Diagrams:

Sinusoid phasoitransformation:

TimeDomain Re presentation Phasor Domairpk
V. cospt+ £) V.1 f
V. sinit+ 1) V.1 90
|, cogut + g l. 1 q
| sinft + g) . T g90 ~—

Phasor Relationships for Circuit Elements:

Table:Summary of voltage current relationship of the circuit elements:

Element Time domain Frequency domain
R 0 YQ oYk
L ..Qq N
. V] U'gb
ey 70 ., P
? “go " o
Example:

If a voltagev(t) = 100 cos(60t +2f) V is applied to a parallel combination of a-K/
resistor and a 5@F capacitor. Find the stea@yate currents through thesistor and
capacitor.

Solution:
Since R and C are in parallel, they have the same voltage across them. For the resistor,

100< 20

V=I,R %% |, ¥/R 25 20k mA

ir=2.5cos(60 +20 ) mi

For the capacitor,

i :c%’ -50x10° ( 60K 100sin(60 20 ) =800SiN(BO 2G) r

Impedance and Admittance:
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