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Preface 
 
 

Drs. Zahidur Rahman, Yves Ngabonziza, Paul West, and Tao Chen 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: 
 

¶ This guide is designed to be a reference study material for STEM courses such as 

physics, chemistry, mathematics, electrical, civil, and mechanical engineering. 

 

¶ It can be used as a reference book for most of the important formulas of the 

afore-mentioned topics, with useful examples to help students master their class 

work, exams and projects.  

 

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

 

¶ Students are strongly advised to follow their instructorsô recommendations when 

preparing for any exam, project and homework, but this study guide will be a 

useful tool. 

 

¶ 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 guide find it informative and useful. If you have 
any suggestions, comments, or any mistakes please email: zrahman@lagcc.cuny.edu. 
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PART I NEWTONIAN MECHANICS  

 

Motion 

 

Quantities Used to Describe Motion (Definitions and Notations): 

 

Time (Ἴ ЎἼ Ἴ Ἴ):In this part of Physics, we take time as a time interval, which is 

the difference between two moments (Ôand Ô) 

 

Distance (d): the length of the path traveled by an object (scalar) 

 

Displacement (Ἤᴆ=ὀᴆ-ὀᴆ): the change in position (vector) 

 

Speed: the ratio between distance and time (scalar) 

 

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

 

Ö ᴆ=
ᴆ
= 
ᴆ ᴆ

 

 

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

follows: 

 

Á ᴆ=
Ўᴆ

= 
ᴆ ᴆ

 

 

Synthesis Example:  

The position function of an object is given as: Ø ςÔ σÔ, where x is in meters and t 

in seconds. (a) What is the velocity of the object at Ô ςÓ, (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:  

(a)ÖÔ ς φÔ φÔφ ς φ ς ρς ÍȾÓ 

(b) ÁÔ ς  = ρςÔφ ρςς φ ρψ ÍȾÓ 

 

(c) To find the minimum position (x), we take the first derivative of x and let it be 0, i.e. 

φÔ φÔπ, we get t=0 or 1s as two times for two extreme values.  Comparing the 

positions at these two times, we get the position at t=1s is minimum, which is ØÔ ρ
ρÍ 

 

Different types of Motion 

 

Physics         STEM GUIDE 
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Uniform Motion: can also be called ñconstant velocity motionò. Since velocity is a 

vector, constant velocity means both direction 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 in this kind of motion: 

 

Ö ᴆ=
ᴆ
, 

Á ᴆ=0. 

 

Constant acceleration motion in a Straight Line: If an object is doing accelerating 

motion, and the acceleration is constant, we call it ñConstant Acceleration Motionò. It 

means the following: 

 

Öᴆ is not constant, but Áᴆ is constant. The following formulas can be derived from the basic 

definitions of velocity and acceleration listed in part 1.1.1: 

 

Öᴆ= Öᴆ+ Áᴆt 

Äᴆ=Øᴆ-Øᴆ=ÖᴆÔ+  Áᴆt2 

2ÁᴆϽÄᴆ = Ö- Ö 

Äᴆ=Øᴆ-Øᴆ=
ᴆ ᴆ
Ô 

 

Synthesis Example:  

A car moving along a straight line with constant 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: 

ψπ Ö υ
ρ

ς
Á υ

ςπ Ö Á υ
 

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: 

 

Á ρȢφ ÍȾÓ
Ö ρς ÍȾÓ

 

 

Free Fall: the motion an object would do under the influence of only one force ïGravity. 

So if gravity is the only force acting on the object, the acceleration of the object will be 

gravitational acceleration, ñgò, which is constant with a value of 9.8 m/s2. Obviously, free 

fall is a perfect example of Constant Acceleration Motion.  And it makes a special case of 

Physics         STEM GUIDE 
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Constant Acceleration Motion. The following formulas can be used for this kind of 

motion: 

 

Öᴆ= Öᴆ+ ÇᴆÔ 

Èᴆ=Øᴆ-Øᴆ=ÖᴆÔ+  ÇᴆÔ  

2ÇᴆϽÈᴆ = Ö - Ö  

Èᴆ=Øᴆ-Øᴆ=
ᴆ ᴆ

Ô 

 

As indicated, we just need to change Áᴆ to Çᴆ. 
 

An even more special case is that when an object doing free fall motion is dropped from 

rest, the initial velocity will be 0: Öᴆ= 0 and the above formulas can be changed to even 

simpler forms: 

 

Öᴆ Çᴆt 

Èᴆ=Øᴆ-Øᴆ=  Çᴆt2 

2ÇᴆϽÈᴆ = Ö 

Èᴆ=Øᴆ-Øᴆ=
ᴆ
Ô 

 

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 maximum height 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, we choose upward 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: 

(a) 

 

π Ö Ç υ Ö ωȢψ υ 
so: Ö τω ÍȾÓȟÕÐ×ÁÒÄ 

 

(b) È Ö υ ωȢψ υ τωυ ωȢψ υ ρςςȢυÍ 

  

Physics         STEM GUIDE 
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Projectile Motion : a 2-D motion which can be decomposed into 2 separate motions in 2 

perpendicular directions: horizontal (x) and vertical (y) directions. 

 

Horizontally (x-direction): uniform motion 

Vertically (y-direction): free fall motion 

So: 

In the x-direction: Ä=Ö t 

In the y-direction: 

 

Öᴆ= Öᴆ+ Çᴆt 

Èᴆ=Øᴆ-Øᴆ=ÖᴆÔ+  Çᴆt2 

2ÇᴆϽÈᴆ = Ö - Ö  

 

Èᴆ=Øᴆ-Øᴆ=ÖᴆÔ-  Çᴆt2 

Èᴆ=Øᴆ-Øᴆ=
ᴆᴆ ᴆᴆ

Ô 

 

The connection between the motion in the x-direction and that in the y-direction is the 

flying time, t. For example: 

 

Synthesis Example:  

A ball is kicked from the ground with an initial speed 30m/s and an angle ʃ σπᶼ with 

the horizontal direction. (a) what is the maximum height the ball reaches in the vertical 

direction? (b) what is the distance traveled horizontally by the ball?  

 

Solution:  

 

Ö ÖÃÏÓσπᶼ σπÃÏÓσπᶼ ςφÍȾÓ 
 

Ö ÖÓÉÎσπᶼ σπÓÉÎσπᶼ ρυ ÍȾÓ 

Using the implied information that the vertical velocity at the highest position is 0 and 

assuming upward as positive direction, we get the following equation: 

 

π ρυ ωȢψÔ 
Ô ρȢυσÓ 

 

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 amount of time, t=1.53s. 

 

Then the total flying time of the ball is: ςÔς ρȢυσ σȢπφÓ 
Then the total horizontal distance traveled by the ball is: 

Ä ÖÔ ςφσȢπφ χωȢυφÍ 
 

 

Newtonôs Laws: Explaining Motion 

Physics         STEM GUIDE 
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Newtonôs 1st Law ( a special case of Newtonôs 2nd Law): A body at rest stays at rest and 

a body in motion stays in motion unless an external force is exerted on the body.  If there 

is no net force on a body, the body remains at rest if it is initially at rest or moves in a 

straight line at constant speed if it is in motion. In formulas, it can be expressed as 

follows: 

 

If В&ᴆ =0, Áᴆ=0. 

Moreover, if Áᴆ=0, В&ᴆ =0. 

 

Synthesis Example:  

A crate is being pushed by a 50N force to move to the right. The motion is along a 

straight 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 

to Newtonôs 1st Law, if Áᴆ π, В&ᴆ =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: 

 

&ᴆ &ᴆ &ᴆ 

 

&ᴆ  and &ᴆ  are in opposite directions, so we assign opposite signs to them. If only 

considering the magnitude and choose ñrightò as positive direction, the above equation 

becomes: 

  
В& & & υπ &=0 

 

so & υπ ., to the left. 

 

Newtonôs 2nd Law: The net force on a body with mass m is related to the bodyôs 

acceleration Áᴆ by  

 

В&ᴆ =m Áᴆ 
 

From here, we can easily see that Newtonôs 1st Law is just a special case of Newtonôs 2nd 

Law when В&ᴆ =0. 

 

It can also be expressed in following forms: 

 

Áᴆ=
Вᴆ

 

 

Physics         STEM GUIDE 
         



10 | P a g e 
 

m= 
Вᴆ

ȿᴆȿ
 

 

Newtonôs 3rd Law: If a force &ᴆ  acts on body B due to body C, then there is a force &ᴆ  

on body C due to body B: 

&ᴆ =-&ᴆ  

 

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: Á , always directing to the center 

 

Centripetal Force:  According to Newtonôs 2nd Law: &ᴆ ÍÁᴆ, then & . 

 

Universal Gravitation : &  

 

Synthesis Example:  

A Ferris wheel has a radius of 15m and turns at a speed of 9 m/s. What is the normal 

force acting on a rider whose mass is 50kg at the bottom of the Ferris wheel? 

 

Solution: 

 

 Á υȢτ ÍȾÓ 

 

 & ςχπ. 

At the bottom of the Ferris wheel, there are two forces acting on the rider in 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 & ςχπ. 

and                                                      7 ÍÇ υπωȢψ τωπ. 

so:  

. 7 ςχπτωπςχπχφπ. 
 

 

 

Energy/Work and Momentum/Impulse 

Physics         STEM GUIDE 
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Definitions: 

 

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

follows: 

W=᷿ &ᴆẗÄØᴆ 

 

If the force is constant, the above formula can be expressed in the following way: 

 

 

7 &ᴆϽÄᴆ &ÄÃÏÓʃ , for example, 7
&Ä      ÉÆ ʃ π
π            ÉÆ ʃ ωπᶼ

&Ä       ÉÆ ʃ ρψπᶼ
 

 

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

force can do work on an object. 

 

0
7

Ô
 

 

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 in study. 

 

Kinetic Energy (KE or E k): 

 

 +%   ÍÖ    

 

Potential Energy (PE or Ep): 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 object follows, 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) : 

 

Physics         STEM GUIDE 
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0% ÍÇÈ      

 

 

 

 

Force in a spring: 

ἐᴆἻ ἳὀᴆ, where x is the stretched or compressed distance from the equilibrium position 

of a spring or other elastic material. 

 

Elastic Potential Energy (Elastic PE):  

0%  
ρ

ς
ËØ 

 

Mechanical Energy (EM 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 non-conservative forces doing work to the system, 

the total mechanical energy is conserved, which is: 

 

4%ȟ= 4%ȟ 
 

or:  

 

0%+ +%= 0%+ +% 
 

However, if there are non-conservative force(s) doing work to the system, the total 

mechanical energy is not conserved any more, 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 ñRelationship between Work and Energyò: 

 

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 angle ʃ τυЈ. The spring constant of the spring isË
ςπππ.ȾÍ. The spring is compressed 16cm and then released. What is the highest 

distance the block 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: 

Physics         STEM GUIDE 
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% π 
% ȟ π 

% ȟ

ρ

ς
ËØ πȢυ ςππππȢρφ ςυȢφ* 

 

Supposed the block travels Ø meters to the highest position, then at the highest position: 

 

% π 
% ȟ π 

% ȟ ÍÇØÓÉÎτυЈπȢυϽωȢψØϽπȢψφφτȢςτØ  * 

According to the law of energy conservation: 

4%ȟ= 4%ȟ 
i.e. % % ȟ % ȟ % % ȟ % ȟ 

τȢςτØςυȢφ 
so Ø φȢπσÍ 
 

Momentum and Impulse 
 

Momentum: 0ᴆ ÍÖᴆ 

Impulse: *ᴆ=᷿ &ᴆ ÄÔ, if &ᴆ is constant, *ᴆ &ᴆÔ 

Newtonôs 2nd Law (Relationship between momentum and impulse): 

 

 *ᴆ &ᴆÔ Ў0ᴆ 0ᴆ 0ᴆ ÍÖᴆ ÍÖᴆ ÍÖᴆ Öᴆ 

 

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? (b) What 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: 

 

*ᴆ Ў0ᴆ ÍÖᴆ Öᴆ 
 Choosing the original traveling directing as positive, we get: 

*ᴆ πȢς σ υ ρȢφËÇȢÍȾÓ 
so the impulse acting on the ball is 1.6 ËÇȢÍȾÓ in the opposite direction. 

 

(b) Since:  

* &Ô 

&
*

Ô

ρȢφ

πȢρ
ρφ. 

 

So the average force acting on the ball is 16N, also in the opposite direction. 
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For a many-body system, if the net external force В&ᴆ  is 0, then the total momentum 

of the system is conserved: 

 

40ᴆ 40ᴆ 

 i.e.               0ᴆ 0ᴆ 0ᴆ Ễ 0ᴆ 0ᴆ 0ᴆ Ễ 

i.e.              ÍÖᴆ+ÍÖᴆ ÍÖᴆ Ễ ÍÖᴆ ÍÖᴆ ÍÖᴆ Ễ 

 

Synthesis Example:  

A 1200kg car traveling with a velocity of 15m/s due east collides head-on 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 these two cars 

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 2-car system is given as: 

40 ÍÖ ÍÖ ρςππρυ ρτππρψ χςππ ËÇϽÍȾÓ 
 

40 Í Í Ö ρςππρτππÖ ςφππÖ χςππ ËÇϽÍȾÓ 
 

so:   Ö ςȢχχÍȾÓ, due west. 

 

Rotational Motion 

 

Toque: 

Ἲᴆ ἐᴆ 
Newtonôs 2nd Law for Rotational Motion: 

 

ʐᴆ= I ɻᴆ 
 

Here I is the moment of inertia (or, rotational inertia), and it obeys the parallel-axis 

theorem: 

 

) ) -È 
 

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: 

 

ʖᴆ ʖᴆ  ɻᴆÔ 

ʃᴆ ʃᴆ ʖᴆÔ
ρ

ς
ɻᴆÔ 

ʖ ʖ ςɻᴆϽʃᴆ ʃᴆ  

ʃᴆ ʃᴆ
ρ

ς
ʖᴆ ʖᴆÔ 
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ʃᴆ ʃᴆ ʖᴆÔ
ρ

ς
ɻᴆÔ 

 

 

Rotational Kinetic Energy: 

 

+
ρ

ς
)ʖ  

 

 

PART II FLUIDS  

Pressure: 

Ð
&

!
 

Pressure in a Fluid: 

 

Ð Ð ʍÇÈ 
 

where È is the depth from the surface of the fluid to the point of interest in the fluid.  

 

Archimedesô Principle: The buoyant force exerted on an object by the surrounding fluid 

is the weight of the volume of fluid displaced: 

 

& ʍ Ç6   

 

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  (partially submerged) in the fluid: 

 

& 7 ×ÅÉÇÈÔ ÏÆ ÔÈÅ ÏÂÊÅÃÔ 
i.e.  

 

ʍ Ç6  ʍ Ç6   

 

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 be preventing the object from floating 

up), we still have: 

 

& 7 ×ÅÉÇÈÔ ÏÆ ÔÈÅ ÏÂÊÅÃÔ 
 

i.e.   

ʍ Ç6  ʍ Ç6   
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implying:  

ʍ ʍ  

If the object sinks in the fluid, 

 

7 & 
Equation of Continuity : 

Ä6

ÄÔ
ÃÏÎÓÔÁÎÔ 

 

implying: 

 

!Ö ÃÏÎÓÔÁÎÔ 
 

Bernoulliôs Equation: 

 

Ð
ρ

ς
ʍÖ ʍÇÈ ÃÏÎÓÔÁÎÔ 

 

Example:  

A sphere with a radius 50cm and mass 5ρπkg floats half-submerged in a liquid. What 

is the density of the liquid? 

 

Solution:  

The average density of the sphere can be calculated as follows: 

 

ʍ
Í

6

Í

τ
σʌÒ

υ ρπ

τ
σϽσȢρτϽπȢυ

τȢχψρπËÇȾÍ  

 

Since the sphere floats half-submerged,  

 

7 Í Ç &  

and 

 

6
ρ

ς
6  

 

so: 

 

ʍ 6 Ç ʍ 6 Ç 

which becomes:  

ʍ 6 Ç
ρ

ς
ʍ 6 Ç 
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therefore: 

 

ʍ ςʍ ς τȢχψρπ ωȢυφρπËÇȾÍ  

 

PART III WAVES  

 

Sinusoidal Waves: 

 

Ùȟ Ù ÓÉÎËØʖÔ 

 

where Ë , ʖ ςʌÆ = , ʉ  = ʇÆ. 

 

Interference of Waves: 

 

Ùȟ  Ù ȟ Ù ȟ 

 

If Ù ȟ and Ù ȟ 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: 

 

Ùȟ ςÙÃÏÓ
ה

ς
ÓÉÎ ËØʖÔ

ה

ς
 

 

If Ù ȟ and Ù ȟ 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: 

 

Ùȟ ςÙÓÉÎËØÃÏÓʖÔ 

 

Example:  

A transverse wave traveling along a long string is governed by the equation of y = 

9.0 sin(0.040́ x - 2.0́ t), where x and y are expressed in centimeters and t is 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 at x = 5 cm when t = 0.6 s? 

 

Solution:  

(a) The amplitude is ym = 9.0 cm. 

 

(b)  ʇ
Ȣ

υπÃÍ. 

 

(c) Since ʖ ςʌÆ, we obtain f = 
Ȣ

ρ(z. 

 

(d) The wave speed is v = ʇÆ υπÃÍ  ρ υπÃÍȾÓ. 
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(e) The wave propagates in the +x direction, since the argument of the trigonometric 

function is kx- ʖt. 

 

(f) The maximum transverse speed (found from the time derivative of y) is 

 

Õ ςʌÆÙ ςʌẗρÓ ẗωÃÍυφȢυς
ÃÍ

Ó
 

 

 (g) y(x=5 cm, t=0.6 s) = (9.0 cm) sin[0.040ʌ(5) -2.0 ʌ(0.6)] = 0 cm. 

 

 

 

The Doppler Effect: 

 

Æ Æ
Ö Ö

Ö Ö
 

 

where the sign before Ö is positive if the detector moves towards the source, and the sign 

before Ö is positive if the source moves away from the detector. 

 

 

PART IV ELECTRICITY and MAGNETISM  

 

Electric Field  

 

Coulombôs Law: 

 

&ᴆ Ò 

 

Ñ and Ñ  are the amounts of charge on two point charges (ñ+ò or ñ-ò), which are  

separated by a distance of Ò. The constant ʀ= 8.85 ρπ #/NϽÍ  is the permittivity 

constant, k =  = 8.99 ρπNϽÍȾ# , and Ò is a unit vector in the radial direction 

along an imaginary line joining one charge Ñ  to the otherÑ . 

 

Definition of the Electric Field: 

 

%ᴆ
ᴆ
 

 

In applying Coulombôs Law to the above formula, we obtain the following: 

 

%ᴆ
ρ

τʌʀ

Ñ

Ò
Ò 
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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 using the principle of superposition: 

 

%ᴆ В %ᴆ= Ò+ Ò+ Ò+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:  

The electric field generated by each charge at the corner is:  

 

%
ρ

τʌʀ

Ñ

Ò
 

 

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 cancel one other. We 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 0 if computed at the center. 

 

 

If we consider a continuous charge distribution, the summation is replaced by an 

integration, such that: 

 

%ᴆ %ᴆ
ρ

τʌʀ

ÄÑ

Ò
Ò 

 

 

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: 

&ᴆ Ñ%ᴆ 
 

Gaussô Law: 

 

ɮ %ᴆẗÄ!ᴆ
Ñ

ʀ
 

 

ɮ is the net electric flux through the closed surface of area A. The direction of Ä!ᴆ points 

outward on the closed Gaussian surface. In other words, Ä!ᴆ is an outward normal unit 

vector. 
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If a convenient Gaussian surface can be constructed so that the electric field everywhere 

on that surface is the same in magnitude and the direction of Ä!ᴆ coincides with that of %ᴆ 

everywhere on the surface, then the dot product %ᴆẗÄ!ᴆ will yield the same quantity 

everywhere. We can then bring the magnitude of %ᴆ 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 strength of our electric field. Note: we had to know the direction of %ᴆ to begin 

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

arguments. 

 

Synthesis Example:  

A solid non-conducting sphere of radius R =5 0cm is uniformly charged with a density 

ʍ ςʈ#ȾÍ , (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 Gaussô law: 

 

%ᴆẗÄ!ᴆ
Ñ

ʀ
 

 

(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, 

%ϽτʌÒ
ʍ6

ʀ
 

 

%ϽτʌϽπȢς = 
Ȣ

 

 

% ρυπππ.Ⱦ# 
(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 q happens to be the entire charge of our sphere as it still has to be the 

total amount of charge enclosed by our Gaussian surface. (Note that the radius of the 

Gaussian surface differs from that of the surface extent of our charge distribution).  

 

Therefore, 

 

%ϽτʌÒ
ʍ6

ʀ
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%ϽτʌϽπȢφ = 
Ȣ

 

 

% ςφρττ.Ⱦ# 
 

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

as the definition of other types of potential energy: 

 

0% ɝ5 5 5 7 
 

where W is the work done by the electrostatic force on a point charge during a 

displacement move from position Ὥ to Ὢ.  
 

At infinity, the potential energy is defined to be 0, and so by applying the definition 

above, the potential energy at any position can be expressed as: 

 

5  7  
 

where 7 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 the particular point of interest out to infinity is 

simply 7 . 

 

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

charge: 

6
5

Ñ
 

 

 

 

Electric Potential Difference (Ў╥ȡ 
 

Ўὠ ὠ ὠ
Ўὠ

ή
 

 

If a point charge is displaced from one point Ὥ to another Ὢ, the electric potential 

difference between these two points can also be calculated using the electric field Ὁᴆ as 

follows: 

 

Ўὠ ὠ ὠ  ὉᴆϽὨίᴆ 

 

Here Ὠίᴆ is the path element from Ὥ to Ὢ. If a charge is brought from infinity (where V=0) 

to some point, then the potential at that point is just: 
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ὠ  ὉᴆϽὨίᴆ 

 

Example:  

The magnitude E of an electric field depends on the radial distance r according to E = 

A/r3, where A is a constant with the units of voltϽcubic meter. In terms of A, what is the 

magnitude of the electric potential difference between r = 1.00 m and r = 4.00 m? 

 

Solution:  

 

ȹV=᷿ Ὠὶ πȢτχὃ 

 

Using this method to calculate the potential of a point charge, we find: 

 

ὠ
ρ

τ“‐

ή

ὶ
 

 

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: 

 

ὠ В  = В  

 

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

 

ὠ  ᷿  ᷿  

 

 

Capacitance: The capacitance C of a capacitor is defined as:  

 

ή ὅὠ 
 

or, 

 

ὅ   and V =  

 

The capacitances of difference types of capacitors can be determined through the use of 

Gaussô Law and the definition of potential difference in terms of the electric field. Here 

are some examples of such: 

 

The capacitance of a parallel-plate capacitor with an area of A on any one of the plates 

and having a separation distance Ὠ is: 

 

ὅ
‐ὃ

Ὠ
 

Physics         STEM GUIDE 
         



23 | P a g e 
 

 

 

 

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

is: 

 

ὅ ς“‐
ὒ

ὰὲ
ὦ
ὥ

 

 

The capacitance of a spherical capacitor with inner radius a and outer radius b: 

 

ὅ τ“‐
ὥὦ

ὦ ὥ
 

 

The capacitance of an isolated sphere of radius R is: 

 

ὅ τ“‐R 

 

 

Capacitance of capacitors in series:  

 

ὅ  
ρ

В
ρ
ὅ

 

 

Capacitance of Capacitors in parallel: 

 

ὅ  ὅ 

 

Potential Energy (U) stored in a capacitor: 

 

Ὗ  = ὅὠ  

 

Energy density of the electric field: 

 

ό
ρ

ς
‐Ὁ  

 

Electrical Circuits  

 

Series Circuit: 
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Ὑ Ὑ  Ὑ Ὑ Ὑ Ễ 

 

Parallel Circuits : 

 

ρ

Ὑ
 

ρ

Ὑ

ρ

Ὑ

ρ

Ὑ

ρ

Ὑ
Ễ 

 

Power:  

ὖ Ὅὠ ὍὙ
ὠ

Ὑ
 

 

RC Circuits: 

 

(i) Charging a capacitor: 

 

ή ὅᴊρ Ὡ              

(ii) Discharging a capacitor          

         

ή ήὩ  
 

 

 

 

 

Magnetism 

 

Magnetic Force on a test charge: 

Ὂᴆ ή ὺᴆ ὄᴆ 
 

Magnetic Force on a Current-Carrying Wire : 

 

Ὂᴆ ),ᴆ "ᴆ 
 

Torque on a Current-Carrying Coil : 

 

ʐᴆ ʈᴆ "ᴆ 
The Biot-Savart Law: 

 

Ä"ᴆ
 ᴆ

 , 

 

 

where 
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ʈ τʌ ρπ 4Ͻ ρȢςφρπ4Ͻ  

ÄÓᴆ ÉÓ Á ÖÅÒÙ ÓÍÁÌÌ ÅÌÅÍÅÎÔ ÉÎ ×ÈÉÃÈ ÃÕÒÒÅÎÔ ÉÓ ÆÌÏ×ÉÎÇ. 

 

For a continuous current distribution, the magnetic field can be calculated by carrying out 

an integration of the above formula. 

 

Ampereôs Law: 

"ᴆϽÄÓᴆ ʈÉ  

 

Here, ÄÓᴆ is a small element of a closed integration loop. This law provides us a way to 

calculate the magnetic field "ᴆ if we can exploit some kind of symmetry in the current 

distribution and find a convenient closed loop to serve as the integration path. 

 

NOTE: The application of Ampereôs Law is similar to that of Gaussô Law in the context 

of electric fields. As such, please refer to earlier notes. 

 

Faradayôs Law of Induction: A change in magnetic flux through an area that is bound 

by a closed conducting loop induces a current along the loop.  

 

꜡
Äɮ

ÄÔ
 

 

Here, ɮ  is the magnetic flux and is defined as: ɮ "᷿ᴆϽÄ!ᴆ, or simply, ɮ =BA if "ᴆ is 

uniform and perpendicular to the area, and  ꜡is an induced voltage, or what is known as 

an induced emf (electromotive force).  

 

If there exists a coil of N turns instead of a single loop, the induced emf is, in general: 

 

꜡ .
Äɮ

ÄÔ
 

 

Lenzôs Law: An induced current has a direction so that the magnetic field due to this 

induced current opposes the change in magnetic flux. Thatôs also the reason we have a 

negative sign appearing in Faradayôs Law of Induction. 

 

By applying Faradayôs Law and Lenzôs Law, one can easily determine the inductance of 

an inductor.  

 

*Example 1 (changing magnetic field):  

A rectangular wire loop of length L = 40.0 cm and width W = 25.0 cm lies in a magnetic 

field "ᴆ . What are the (a) magnitude of ꜡ and (b) direction (clockwise or 

counterclockwise ð or ñnoneò if  ꜡= 0) of the emf induced in the loop if "ᴆ

φ ρπ4ȾÓÔË ? 
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Solution:  

(a)For "ᴆ φ ρπ4ȾÓÔË,  
 

 ꜡=  
dūB
dt

  =  A 
dB

dt
 =  (0.400 m × 0.250 m)(0.0600 T/s) = 6.00 mV, 

 

or |꜡ | = 6.00 mV. 

 

(b) Using Lenzôs law, one can easily see that the direction has to be clockwise. 

 

*Example 2 (changing area):  

A metal rod is forced to move with constant velocity  along two parallel metal rails, 

connected with a strip of metal at one end. A uniform magnetic field of magnitude B = 

0.350 T points out of the page. (a) If the rails are separated by L = 25.0 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 

18.0ɋ and the rails and connecting strip have negligible resistance, what is the current in 

the rod? (c) At what rate is energy being transferred into thermal energy? 

 

 
 

Solution:  

 

(a)  

e= = =BLv ( . .0350 00481T)(0.250m)(0.55m/ s) V . 

 

(b) By Ohmôs law, the induced current is  

 

i = 0.0481 V/18.0 = 0.00267 A. 

 

By Lenzôs law, the current is clockwise. 

 

(c) The power is:  

 

P = i2R = 0.000129 W. 

 

*Example 3 (changing angle):  

A rectangular coil of N turns having a length a and width b is rotated at frequency f in a 

uniform magnetic field ὄᴆ, as indicated in the figure below. The coil is connected to 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 time t) by 

 
 

 
 

 
 

Solution:  

It should be emphasized that the result, given in terms of sin(2ʌ ft), could as easily be 

given in terms of cos(2 ʌ ft) or even cos(2 ʌ ft + ה) where ה is a phase constant. The 

angular position ʃ of the rotating coil is measured from some reference line (or plane), 

and which line one chooses will affect whether the magnetic flux should be written as BA 

cos ʃ, BA sin ʃ or BA cos(ʃ + ה). Here, our choice is such that FB BA= cosq. Since the 

coil is rotating steadily, ʃ increases linearly with time. Thus, ʃ = ʖt (equivalent to ʃ = 

2 ʌ ft) if ʃ is understood to be in radians (and ʖ would be the angular velocity). Since the 

area of the rectangular coil is A=ab, Faradayôs law leads to  

 

( ) ( )
( )

cos cos 2
2 sin 2

d BA d ft
N NBA N Bab f ft

dt dt

q p
e p p=- =- =  

 

which is the desired result. The second way this is written (ʀ0 sin(2 ʌ ft)) is meant to 

emphasize that the voltage output is sinusoidal (in its time dependence) and has an 

amplitude of ʀ0= 2 ʌ f NabB. 

 

*The above 3 examples are cited from Chapter 30 of Fundamentals of Physics by 

Halliday & Resnick (9th Edition)  

 

LC Charge and Current Oscillations 
 

,
ÄÑ

ÄÔ

ρ

#
Ñ π 

 

Alternating Currents; Forced Oscillations: 

 

꜡ ꜡ ÓÉÎʖÔ 
 

and the driven current is: 
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É )ÓÉÎ ʖÔ ה  
 

where ʖ
Ѝ

 

Maxwellôs Equations 
 

%ᴆϽÄ!ᴆ
Ñ

꜡
 

 

"ᴆϽÄ!ᴆ π 

 

%ᴆϽÄÓᴆ
Äɮ

ÄÔ
 

 

"ᴆϽÄÓᴆ ʈÉ ʈʀ
Ћ

ЋÔ
%ᴆϽÄ!ᴆ 

 

 

************************************************************************  
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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 set up your calculation correctly:  

 

1. Identify the given information (magnitude and unit) 

2. Identify the desired unit in the final 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 

 

ὫὭὺὩὲ όὲὭὸ ὼ 
ὲὩύ όὲὭὸ

ὫὭὺὩὲ όὲὭὸ
 

 

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: 

ȩ ὯὫ τυπ Ὣ ὼ 
ρ ὯὫ

ρπππὫ
πȢτυ ὯὫ 

 

.ÏÔÅ ÔÈÁÔ ρπππ Ç ÉÓ ÉÎ ÔÈÅ ÄÅÎÏÍÉÎÁÔÏÒ ÏÆ ÔÈÅ ÃÏÎÖÅÒÓÉÏÎ ÆÁÃÔÏÒ ÓÏ ÔÈÁÔ ÔÈÅ Çr

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 doing calculations 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 mole concept 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 1023 units of that substance 

Always remember that the mole is simply a number just like the term ñdozenò 

simply means 12.  Itôs just that itôs a very, very large number.  The molar mass is 
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the mass of one mole (6.022 x 1023 units) of any substance 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 water, H2O. 

Solution: 

Sum the masses of 2 hydrogen atoms and one oxygen atom.  From the periodic 

table, the atomic mass of H = 1.01 g and O = 16.00 g. 

Molar mass of H2O = 2(1.01 g) + 16.00 g = 18.02 g 

Example 2: 

What is the mass of 1.75 moles of H2O? 

Solution: 

We can calculate the mass of 1 mole of H2O (called 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. 

Ὣ Ὄὕ ρȢχυ άέὰ Ὄὕ ὼ 
ρψȢπς Ὣ

ρ άέὰ Ὄὕ
σρȢυ Ὣ 

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 of H2O? 

Solution: 

We can use the definition of the mole to determine how many units (in this 

example, molecules) are in a given number of moles. 

άέὰὩὧόὰὩί Ὄὕ ρȢχυ άέὰ Ὄὕ ὼ 
φȢπςς ὼ ρπ  άέὰὩὧόὰὩί

ρ άέὰ Ὄὕ

ρȢπυ ὼ ρπ Ὄὕ άέὰὩὧόὰὩί 

Similarly, by using the inverse of the conversion factor, we 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 substance (the given) is used to calculate 

the quantity of a second substance (the unknown) using the following steps: 

 

 

 Mass of known (g)  Ą  moles of known  Ą  moles of unknown  Ą mass of unknown (g)  

 

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

step. 

Example 4: 

Nitrogen (N2) and hydrogen (H2) react under certain conditions to form ammonia 

(NH3) according to the following equation:  N2 (g) + 3 H2 (g)  Ÿ 2 NH3 (g).  

(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 mol nitrogen) 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). 

 

άέὰ Ὄ ςȢυπ άέὰ ὔ ὼ 
σ άέὰ Ὄ

ρ άέὰ ὔ
χȢυπ άέὰ Ὄ  

 

(b) We are given grams of the known (6.35 g hydrogen) and asked to find grams 

of the unknown (ammonia) therefore 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 to calculate the moles of ammonia that would be formed; lastly, we 

must convert the moles of ammonia to grams of ammonia using the molar 

mass of ammonia. 

 

Molar mass  
of known 

Mole ratio  
from equation 

Molar mass  
of unknown 
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Ὣ ὔὌ φȢσυ Ὣ Ὄ ὼ
ρ άέὰ Ὄ

ςȢπς Ὣ 
 ὼ 
ς άέὰ ὔὌ

σ άέὰ Ὄ
ὼ 
ρχȢπτ Ὣ

ρ άέὰ ὔὌ
συȢχ Ὣ ὔὌ  

 

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 completely react.  But what 

happens when this is not the case?  From your point of view, you should recognize 

a limiting reactant problem by the fact that the problem has two known 

substances! The limiting reactant is the one that will get used up in the reaction; 

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 and then 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 

as follows: 

 

1. Calculate the moles of product that can be formed from reactant A 

2. Calculate the moles of the same product that can be formed from reactant B 

3. Compare the results from step 1 and 2: whichever reactant forms the smaller  

    amount of product is the limiting reactant and that amount of product will be  

    the amount that can actually be formed from the reaction.  

 

Example5:  

Nitrogen (N2) and hydrogen (H2) react under certain conditions to form ammonia 

(NH3) according to the following equation:  N2 (g) + 3 H2 (g)  Ÿ 2 NH3 (g).  

(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 H2 and 0.955 mol N2.  Treat each reactant as a separate 

calculation in determining the moles of NH3 that can be formed. 

 

1. First we calculate the mol NH3 from mol H2: 
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άέὰ ὔὌ ςȢυπ άέὰ Ὄ  ὼ 
ς άέὰ ὔὌ

σ άέὰ Ὄ
ρȢφχ άέὰ ὔὌ  

 

2. Next we calculate the mol NH3 from mol N2: 

άέὰ ὔὌ πȢωυυ άέὰ ὔ  ὼ 
ς άέὰ ὔὌ

ρ άέὰ ὔ
ρȢωρ άέὰ ὔὌ  

 

3. Compare the results: H2 gives the smaller amount of NH3, therefore H2 is the 

limiting reactant and 1.67 mol is the amount of NH3 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 in which 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). 

ὓέὰὥὶὭὸώ ὓ  
άέὰὩί έὪ ίέὰόὸὩ

ὰὭὸὩὶί έὪ ίέὰόὸὭέὲ
 

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 or 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 

neutralized by 32.5 mL of 0.255 M sulfuric acid solution (H2SO4)? 

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 the known and the unknown. 

2 NaOH (aq) + H2SO4 (aq) Ą Na2SO4 (aq) + 2 H2O (l) 
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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 moles of sulfuric acid by rearranging 

the equation above for molarity: 

Moles of solute = Molarity x Liters of solution 

Therefore: 

       mol H2SO4 = 0.255 M x 0.0325 L = 8.29 x 10-3 mol H2SO4 

(Note that we converted the volume from mL to L) 

We then use the mole ratio from the equation to find the moles of NaOH: 

άέὰ ὔὥὕὌψȢςω ὼ ρπ άέὰ ὌὛὕ ὼ 
ς άέὰ ὔὥὕὌ

ρ άέὰ ὌὛὕ
ρȢφφ ὼ ρπ άέὰ ὔὥὕὌ 

Lastly, to find the molarity of the NaOH solution, we divide the moles of NaOH we 

calculated in the previous step by the volume of NaOH stated in the problem: 

 Molarity of NaOH = 1.66 x 10-2 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 involved in reactions. 

 

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!  Instead, the signs tell 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 your account has a negative sign in your statement. 

 

2. The heat value given in a thermochemical equation applies to the moles of each 

reactant and product in the balanced equation.   

Example: 

         N2 (g) + 3 H2 (g)   ᵶ 2 NH3 (g)      ȹH = -92.4 kJ 
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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 reaction is endothermic).  

b. We can write conversion factors using the enthalpy value of -92.4 kJ and the moles in 

the equation as follows: 

 

ωςȢτ Ὧὐ

ρ άέὰ ὔ
Ƞ 
ωςȢτ Ὧὐ

σ άέὰ Ὄ
Ƞ 
ωςȢτ Ὧὐ

ς άέὰ ὔὌ
 

 

Make sure when you write your conversion factors that you include the actual 

number of moles from the balanced equation. What do these factors tell us?  It says 

that when 1 mole of N2 reacts according to the equation, 92.4 kJ of heat is released; when 

3 moles of H2 reacts according to this equation, 92.4 kJ of heat is released etc. 

 

C. If you multiply an equation by a factor, you must multiply ȹH by the same factor; if 

you reverse the equation, you must reverse the sign of ȹH. 

 

 

Example 7: 

Consider the following reaction: 

                 2 Mg (s) + O2 (g) Ÿ  2 MgO (s)                    ȹH = -1204 kJ 

 

(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 MgO are produced during an enthalpy change of -234 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 3.55 g Mg to moles (using the molar mass of Mg), we 

can use the heat: moles ratio from the equation as a conversion factor. 

 

ȩὯὐσȢυυ Ὣ ὓὫ ὼ 
ρ άέὰ ὓὫ

ςτȢσρ Ὣ ὓὫ
 ὼ 
ρςπτ Ὧὐ

ς άέὰ ὓὫ
 ψχȢω Ὧὐ 

 

 

C. In this question, we are told how much heat is produced and asked to use this 
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information to calculate the amount of 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 as a conversion factor.  Think about it this way: if 602 kJ of heat was 

released (half the amount in the equation), it means 1 mole of MgO (half the amount in 

the equation) must have formed. We then convert the moles of MgO to grams of MgO 

using the molar mass of MgO. 

 

Our strategy then: 

Convert the given (-234 kJ) Ą mol MgO using conversion factor of moles: heat from 

equation Ą grams MgO using molar mass 

 

 

ȩὫ ὓὫὕ ςστ Ὧὐ ὼ 
ς άέὰ ὓὫὕ

ρςπτ Ὧὐ
 ὼ 
τπȢσ Ὣ ὓὫὕ

ρ άέὰ ὓὫὕ
ρυȢχ Ὣ ὓὫὕ 

 

.ÏÔÉÃÅ ÉÎ ÂÏÔÈ ÐÁÒÔÓ Â ÁÎÄ Ã ÈÏ× ÔÈÅ ÕÎÉÔÓ ÃÁÎÃÅÌȦ 

 

************************************************************************  
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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:   

¶ a battery 

¶ a lamp 

¶ a connecting wires.  

 
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 1.602 ×10-19 C, or 1 

coulomb (C) = 6.24 ×1018 e 
 
Law of conservation 

The law of conservation of charge states 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 is the time rate of change of charge. Unit of current is 

Ampere. 
Two types of current: 

¶ Direct Current: A direct current (dc) is a current that remains constant with time. 

               
(a)    (b) 

Figure: (a) direct current (b) alternating current   
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¶ Alternative Current: An alternating current (ac) is a current that varies 

sinusoidally with time. 

 
 

Voltage 

Definition: Voltage (or potential difference) is the potential energy required to move a 

unit charge through 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=dW/dt  

 

where p is power in watts (W), w is energy in joules (J), and t is time in seconds (s).  

 
 

 
 

Example:  

How much energy does a 100-W electric bulb consume in two hours?  
 
Solution: 

Energy is the capacity to do work, measured in joules (J). 

We know, Energy, w =pt=power×time | p= power=100w, time t=2 hours=7200s 
 
So w =  100 (W) × 2(h) ×60 (min/h)×60(s/min) 

         = 720,000J= 720kJ 

 

BASIC LAWS 

 

Ohmôs Law: A resistor is a passive element in which the voltage v across it is directly 

proportional to the current i through it. That is, a resistor is a device that obeys Ohmôs 

law, 

 

         

 

where R is the resistance of the resistor. 

 
Resistance: A cylinder of length l and cross sectional area A has a resistance: 
 
 
 
 
 
where 

P=vi 

R= ʍ  

v=i
R 

Electrical Circuits        STEM GUIDE 
         



39 | P a g e 
 

   R= resistance of an element in ohms Ý 

   ɟ =  resistivity of the material in ohm-meters 

   l  = length of the cylindrical material in meters 

 A= cross sectional area of material in meter2 

 
Conductance: Conductance is the ability of an element to conduct electric current. 

Units of conductance is   mhos (ᾆ ) or siemens (S). 

G=  

 

Example of Ohmôs Law:  

An electric iron draws 2 A at 120 V. Find its resistance and conductance. 
 

Solution:  

From Ohmôs law, 
 

v=iR 

 

Resistance is  

R= φπɋ 

 

   Conductance is 

     Ὃ πȢρφχ ί 

 

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 is a resistor with infinite resistance. (R =Ð). Just omitted 

 

     

Branches, Node and  Loop:  

 

Branches: A Single two-terminal element in a circuit such as voltage source, resistor, and 

current source. 

 

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

indicated by a dot in a circuit. 

 

Loop: Any closed path in a circuit. 

 

Branch Theorem: A network with b branches, n nodes, and l independent loops will 

satisfy the fundamental theorem of network topology: 

 

 

 

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

 

 
Solution: 

Branches: The circuit has five branches: 10 ïV voltage source, the 2- A 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 wire) 

                      
   

 
Alternative Method to determine branch: 

 

Using the branch theorem, number of branches,  b=l+n-1= 3+3-1=5 

 

Kirchhoffôs 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,  
 

 
Figure: Currents at a node illustrating KCL  

 Applying KCL gives,  
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i1 + (-i2) + i3 +i 4 +(-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 the sum of currents leaving the node. 

                      

 i1 + i 3 +i 4 = i 2 +i 5 

 

 

Kirchhoffôs  Voltage Law (KVL): 

 

Definition: Kirchhoffôs voltage law (KVL) states that the algebraic sum of all voltages 

around a closed path (or loop) is zero.  

 

Procedure: 

¶ Step 1: Start with any branch in the circuit 

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

¶ Step 3: Sign on each voltage is the polarity of the terminal encountered first as we 

travel around the loop. 

¶ Step 4: Voltage rises is negative (go from ï to + terminal) and drop is positive ( 

go from+ to -).  

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

Example:  

Apply KVL in the following circuit:  

 

 
Figure: A single-loop circuit illustrating KVL 

 

¶ Step 1:Start with the voltage source as first branch, v1 

¶ Step 2: Go around the loop clockwise 

¶ Step 3: Sign on each voltage is the polarity of the each branch such as v2 , v3 , v5 ( 

Keep in mind current always entering resistance into positive terminal) 

¶  Step 4:   -v1 + v2 + v3 ī v4 + v5 = 0   

¶ v2 + v3 + v5 = v1 + v4 (Sum of voltage drops = Sum of voltage rises) 
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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 current i flows in both of them. (Note that when elements are series, the 

same current flow through them).  

 
Figure: A single-loop circuit with two resistors in series. 

 

Therefore, the two resistors R1 (=1/G1) and R2 (1/G2) can be added by an equivalent 

resistor Req and conductance Geq; that is, 

 

 

Req = R1 +R2      and       Ὃ  

    

Voltage divisions: 

 

Definition: The principle of voltage division is that the source voltage v (above circuit) is 

divided among the resistors in direct proportion to their 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  

 

 

 
 

Common Mistakes:       

 

v1 + v2 + v3 ī v4 + v5 = 0     DO NOT AVOID (-) SIGN, when you start from the voltage source v1 

 
or  
ī v3 ī v4 + v5 īv1 + v2  = 0     DO NOT AVOID (+) SIGN, when you start from branch 3.  

 

 

ὺ  
Ὑ

Ὑ Ὑ
ὺȟ                  ὺ

Ὑ

Ὑ Ὑ
ὺ 
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Parallel Resistors and Current Division: 

 

Definition: The equivalent resistance of two parallel 

resistors is equal to the product of their resistances 

divided by their sum.  

 

Example: 

When two resistors R1 (=1/G1) and R2 (1/G2) are in parallel, their equivalent resistance 

Req and equivalent conductance Geq are 

 

   

 
ρ

Ὑ

ρ

Ὑ

ρ

Ὑ
ᴼὙ

ὙὙ

Ὑ Ὑ
        

 

 Ὃ  Ὃ Ὃ 
 

         Figure: Two resistors in parallel. 
 

 

Current Divider:  

 

Definition: The total current i is shared by the resistors in inverse proportion to their 

resistances. This is known as the principle of current division, and the circuit in the above 

Figure is known as a current divider. 

 
Example:                                                                                                             
                         

The current division principle for two resistors in parallel is  
 

Ὥ  
Ὑ

Ὑ Ὑ
Ὥȟ         Ὥ

Ὑ

Ὑ  Ὑ
Ὥ 

 

Common Mistakes: 
 

ὺ  
ὺ

Ὑ
                  ὺ

ὺ

Ὑ
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Common Mistakes   

 Correct Statements 
 

                       Ὥ  Ὥ  

 Ὥ  Ὥ  

 

                     Ὥ
 
Ὥ                                        

 Ὥ 
 
Ὥ 

 
 

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

total current and divide by the sum of two resistors. 

 
  
  

 

 

Delta ăĄ Wye Transformations: 

 

Formulas for a wye-to-delta transformation: 

 
 

2   

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

Y resistor) 

 
Figure:  3ÕÐÅÒÐÏÓÉÔÉÏÎ ÏÆ 9 ÁÎÄ ɝ ÎÅÔ×ÏÒËÓ 

 

 

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

divided by the opposite Y resistor) 

 

 

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

divided by the opposite Y resistor) 

 
 
Formulas for a delta (ȹ) ïto wye (Y) transformation: 
 
 

2  (Product of the resistors in the two adjacent ȹ branches and divided by the 

sum of the three ȹ resistors)  
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2  Product of the resistors in the two adjacent ȹ branches and divided by 

the sum of the three ȹ resistors) 

 

 

2  (Product of the resistors in the two adjacent ȹ branches and divided by 

the sum of the three ȹ resistors) 

 

 

 

 

Note: The numerator is the same for Y- ȹ conversation and the denominator is same for 

ȹ-Y conversation. 

 
 
 
 
 
Example:  

#ÏÎÖÅÒÔ ÔÈÅ ɝ ÎÅÔ×ÏÒË ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÆÉÇÕÒÅ ÔÏ ÁÎ ÅÑÕÉÖÁÌÅÎÔ 9 ÎÅÔ×ÏÒËȢ 
 

 

&ÉÇÕÒÅȡ ɉÁɊ ÏÒÉÇÉÎÁÌ ɝ ÎÅÔ×ÏÒËȟ ɉÂɊ 9 ÅÑÕÉÖÁÌÅÎÔ ÎÅÔ×ÏÒËȢ 
 

Solution : 

Using Delta to Wye formula,  
 

Ὑρ
ὙὦὙὧ

Ὑὥ Ὑὦ Ὑὧ

ρπςυ

ρπςυρυ

ςυπ

υπ
υЏ 

Ὑς
ὙὥὙὧ

Ὑὥ Ὑὦ Ὑὧ

ρυςυ

ρπςυρυ

σχυ

υπ
χȢυЏ 

Ὑσ
ὙὥὙὦ

Ὑὥ Ὑὦ Ὑὧ

ρυρπ

ρπςυρυ

ρυπ

υπ
σЏ 

 
 
 
 METHODS OF CIRCUIT ANALYSIS:  
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ü Nodal analysis: A general procedure to find all the node voltages in a circuit. 

The analysis is based on KCL and Ohmôs Law. 

ü Mesh analysis: A general approach to find mesh currents that circulate around 

closed paths in the circuit. The analysis is based on KVL and Ohmôs Law. 

Nodal Analysis:  

 

Steps to determine node voltages: 

 

1. Select a node as the reference node. Assign voltages v1, v2, é.., vn-1 to the 

remaining ὲ ρ nodes. The voltages are referenced with respect to the 

reference node. (Reference node is commonly called the ground since it is 

assumed to have zero potential). 

2. Apply KCL to each of the ὲ ρ  non-reference nodes. Use Ohmôs law to 

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. 
 

 
Solution: 
Step 1: The reference node (v=0) is selected, nodes 1 and 2 are assigned voltages v1 and v2  
respectively. 
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¶ Note: The node voltages are defined with respect to the reference node. 

 
Step 2: At node 1, apply KCL and Ohmôs law   

  Ὥ Ὥ Ὥ  
 
Common Mistakes: 

¶ Ὥ Ὥ Ὥ π  

¶ .ÏÔÅ ÔÈÁÔ ÓÕÍ ÏÆ ÁÌÌ ÉÎÃÏÍÍÉÎÇ ÃÕÒÒÅÎÔ ÉÓ ÅÑÕÁÌ  ÔÏ ÔÈÅ ÏÕÔÇÏÉÎÇ ÃÕÒÒÅÎÔ ÁÔ ÎÏÄÅ ρὭ

Ὥ Ὥ  

        

  υ  (Note: Current flows from a higher potential to a lower potential in a 

resistor.) 
 
Multiplying each term by 4, we obtain 

 

ςπ ὺ ὺ ςὺ 
or 

 

σὺ ὺ ςπ   ééééééé..(1) 

 

At node 2, we do the same thing and get 

 

 

 

 

 

Multiplying each term by 12 results in 

 

σὺ σὺ ρςπφπ ςὺ 
Or 
σὺ υὺ φπȣȣȣȣȣȣȢɉςɊ 

 

             Common Mistake                                                                        Correct Statement 
          !ÓÓÉÇÎ ÖÏÌÔÁÇÅ Ö ȟÖ  ÁÎÄ Ö                                                !ÓÓÉÇÎ ÖÏÌÔÁÇÅ Ö ȟÖ  ÁÎÄ ÒÅÆÅÒÅÎÃÅ ÎÏÄÅ π 

            

6

0

4
5 212

5142

-
+

-
=Ý

+=+

vvv

iiii
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Step 3: Solve the unknown node voltages v1 and v2. Using the elimination technique, we 

add Eqs. (1) and (2) 

 

4v2=80  v2=20V 

 

Substituting v2=20 in Eq. (1) gives 

 

v1=13.33V 

 

Nodal Analysis with Voltage Sources: 

 

¶ Case 1: The voltage source is connected between a non-reference node 

and the reference node: The non-reference node voltage is equal to the 

magnitude of voltage source, and the number of unknown non-reference 

nodes is reduced by one. 

¶ Case 2: The voltage source is connected between two non-referenced 

nodes: a generalized node (supernode) is formed. 

Example:   

Consider the following circuit with a super node. 

 

 
Figure: A circuit with super node 

 
Case 1: 10V source is connected between a non-reference node v1 and reference node.       

             

So v1 =10 v 

 

Case 2:  5V source is connected between two non-reference nodes v2 and v3 . So a 

super node is formed between v2 and v3 

 

¶ A supernode is formed by enclosing a (dependent or independent) voltage 

source connected between two non-reference nodes and any elements 

connected in parallel with it. 

¶ A supernode requires the application of both KCL and KVL. 
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Example: 

Find the node voltages in the following circuit.  

 
 

 
Solution: 

 

¶ Step 1: The super node contains the 2-V source, nodes 1 and 2, and the 10 

Ý Resistor 

¶ Step 2: Applying KCL and KVL gives to the super node as shown in the 

above Figure. 

Common Mistake          Correct Statement 
 

ς Ὥ Ὥ Ὥ χ                                                         ς Ὥ Ὥ χ 
 
                 Note:  Make sure there is no current flow in the super node 
 

 
ς Ὥ Ὥ χ 
 

2=   χ 

 
ὺ ςπςὺȣȣȣȣȣȣȣȣ ρ 

 

 

Now we apply KVL to the super node  

 
ὺ ὺ ςȣȣȣȣȣȣȣȣȣȣȣȣȢ(2) 

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

 

 
v1=-7.33V and v2=-5.33V 
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Common Mistake: 

¶ ὺς ὺρ ρπὭσ π 

(Note that the 10Џ resistor does not make any difference because it is connected across 
the parallelȢ 3Ï ÉÇÎÏÒÅ ÔÈÅ ρπЏ ÒÅÓÉÓÔÏÒ.) 
 

 

 
 
Mesh Analysis: A general approach to find mesh currents that circulate around closed 

paths in the circuit. It is based on KVL and Ohmôs Law. 

 

Steps to Determine Mesh Currents: 

 

1. Assign mesh currents i1, i2, é, in to the n meshes. 

2. Apply KVL to each of the n meshes. Use Ohmôs law to express the voltages in 

terms of the mesh currents. 

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

 

 

 

 

Example: 

Determine the mesh current in the following circuit. 

 

 
Figure: A circuit with two meshes. 

 

Step 1. Assign mesh currents i1 and i2 to meshes 1 and 2.  

 

Step 2: we apply KVL to each mesh.  

 

For mesh 1, 
ὠ ὭὙ Ὥ ὭὙ π  έὙ 
ὭὙ Ὥ ὭὙ ὠ 
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Alternative: 
ὭὙ ὍὙ ὠȠ Ὅ Ὥ Ὥ  

 
 
 

For mesh 2, 

ὭὙ ὠ Ὥ ὭὙ π  έὙ 
 

Alternative: 

ὭὙ ὠ Ὥ ὭὙ π  έὙ 
 

ὭὙ  ὠ ὍὙ π 
 

ὭὙ Ὥ ὭὙ ὠ   
 

 

 Common Mistakes    Correct Statements 

 
ὠ ὭὙ ὭὙ π                                            ὠ ὭὙ Ὥ ὭὙ π  

 

ὭὙ ὠ ὭὙ π                                     ὭὙ ὠ Ὥ ὭὙ π   
              Ὅ Ὥ Ὥ                                                       Ὅ Ὥ Ὥ  
 

       

Step 3: Solve for the mesh currents 
 

 

 

 

 

Mesh Analysis with Current Sources: 

 

 

Example:  

A circuit with a current source in the following Figure. 

 

 
  
Figure: A circuit with a current source 

Procedure: 

 

ù
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Case 1: 

¶ Current source exist only in one mesh in the above Figure  

3ÏȟὭ  υὃ 
¶ One mesh variable is reduced  

 

Case 2: 

¶ Current source exists between two meshes, a super-mesh is obtained.  

Supermesh:  

 

¶ A super mesh results when two meshes have a (dependent, independent) current 

source in common. For example, the following Figure 6A source is common in 

both meshes. 

 

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

 
 

Procedure: 

 

Step 1: Using KVL and Ohmôs law to the super mesh.  

Step 2: Using KCL due to the current source. 

 

Example:  

 

Find Ὥ ÁÎÄ Ὥ ÕÓÉÎÇ ÍÅÓÈ ÁÎÁÌÙÓÉÓ in the above Figure 

 

Step1: Applying KVL to the super mesh in above Figure 
 
ςπφὭ ρπὭ τὭ π 

 
φὭ ρτὭ ςπȣȣȣȣȣȢρ 
 

Step 2: Applying KCL to the current source 

 

 Ὥ Ὥ φéééééé(2)  
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Solving  Eqs. (1) and (2), we get 

 

i1 = 3.2 A,     i2 = 2.8 A 

 

CIRCUIT THEOREMS:   

 

Superposition Theorem: 

    
Definition: The superposition principle states that the voltage across (or the current 

through) an element in a linear circuit is the algebraic sum of the voltage across (or the 

currents through) that element due to EACH 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: Repeat step 1 for each of the other independent sources.  

Step 3: Find the total contribution by adding algebraically all 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:  

¶ Independent voltage sources are replaced by 0 V (short 

circuit )   

¶ Independent current sources are replaced by 0 A (open 

circuit ).  

2. Dependent sources are left intact because they are controlled by 

circuit variables. 

Example:  
Use the superposition theorem to find v in the following circuit . 

 

Common Mistakes   Correct Statements 
 

3ÔÅÐ ρȡςπφὭ ςὭ Ὥ ρπὭ τὭ φ π   ςπφὭ ρπὭ τὭ π 
          ɉ-ÕÓÔ ÅØÃÌÕÄÅ ÔÈÅ ÃÕÒÒÅÎÔ ÓÏÕÒÃÅ ɉφ!Ɋ ÁÎÄ ςЏ resistance) 
 

       Step 2: Ὥ Ὥ φ                          Ὥ Ὥ φ 
                                                                                                                                              Ὥ ÉÓ ÐÏÓÉÔÉÖÅ ÂÅÃÁÓÕÅ ÉÔ ÉÓ ÓÁÍÅ ÄÉÒÅÃÔÉÏÎ ÏÆ ÃÕÒÒÅÎÔ ÓÏÕÒÃÅ  

                                                                                                                   ÁÎÄ  Ὥ ÉÓ ÎÅÇÁÔÉÖÅ ÂÅÃÁÕÓÅ ÉÔ ÉÓ ÏÐÐÏÓÉÔÅ  ÄÉÒÅÃÔÉÏÎ  ÏÆ ÃÕÒÒÅÎÔ ÓÏÕÒÃÅ 
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Figure: Example of superposition theorem 

 
Solution:  

Let, v1 and v2 be the contributions of two sources 6V voltage source and 3A current 

source.  

According to linearity we can write,    
                ὺ  ὺ  ὺ 

 

Step 1:  To obtain v1 we set current source open circuit or 0A as Figure (a) circuit. 

      

We can use voltage division to get 
 

ὺ φ ςὠ (Note: We can use any method such as voltage division, mesh or nodal analysis to solve for v1) 

 

Step 2: Repeat step 1 for other independent source (3A) .  

 

To obtain v2, we set voltage source short circuit as Figure (b) or 0V 
 

We can use current division to get, 

 

Ὥ  σ ςὃ (Note: We can use any method such as current division, mesh or 

nodal analysis to solve for v2) 

 

Hence,                                                       

                                                                   ὺ τὭ ψὠ 
 

 

Alternative Method to solve for ὺ: Nodal Analysis 

 
ὺ π

τ

ὺ π

ψ
σ ÒÅÆÅÒÅÎÃÅ ÎÏÄÅ ÉÓ ÚÅÒÏ ÖÏÌÔÁÇÅ 

 

Multiply by 8 to both side of the equation 

ςὺ ὺ ςτ 
ὺ ψ ὠ 
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Step 3: Add all the contributions of independent sources algebraically and find total 

contribution  

 

Finally,       
 
     v = v1 + v2 = 2 + 8= 10V 
 
Common Mistakes       Correct Statements 
 
¶ Consider two sources at a time    Consider only one  source at a time  

 

¶ Voltage source must be turn off   Voltage source turn off ( short circuit) 

¶ !ÐÐÌÙ +6, ÕÓÉÎÇ ÍÅÓÈ : φ ψὭ τσ π      Use current division to find ὺ ςὺ 

    
 

 

 

 

Source Transformation: 

 
Definition: A source transformation is the process of replacing a voltage source vs in 

series with a resistor R by a current source is in parallel with a resistor R, or vice versa. 

 
Figure: Transformation of independent sources. 

 

 

 
 
Example: 

R

v
iRiv s
sss == or
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Find vo in the circuit shown below using source transformation.  
 

 
Procedure: 

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

following Figure.  

 
 

Remark: The arrow (ŷ) of the current source is directed toward the  (+) positive terminal 

of voltage source 

 

Step 2: Combining the 4-Ý and 2 Ý the resistors in series and transforming the 12-V 

voltage source.  

 

 
Step 3: Combine the 3-Ý and 6 Ý and resistors in parallel to get 2 Ý.  We also combine 

the 2-A and 4-A current sources to get a 2-A source in the following circuit. 
 

 
 
 

We use current division in the above Figure to get 

 

Ὥ
ς

ς ψ 
 ς πȢτ ὃ 

 
and                                                             ὺ ψπȢτ σȢς ὠ 
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Theveninôs Theorem: 

 

Definition: Theveninôs theorem states that a linear two-terminal circuit (Figure a) can be 

replaced by an equivalent circuit (Figure b)  consisting of a voltage source VTh in series 

with a resistor RTh, 
 

where  

¶ VTh is the open circuit voltage at the terminals  

¶  RTh is the input or equivalent resistance at the terminals when the 

independent source is turned off. 

                
(a)      (b) 

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

equivalent circuit. 
 

To Find the Thevenin Equivalent circuit: 
 
Procedure: 
 

Step 1: Find Rth Ὑ  (Input resistance at the terminal a-b) 

 

Á a-b open circuited ( by removing the load) 

Á Turn of all independent sources (voltage source Ÿshort and 

current source Ÿopen  ) 

Step 2: Find ὠ ὠ  :  Open circuit voltage at a-b using any method such as Mesh, 

Nodal analysis, etc. 

 

Step 3: To build the Thevenin equivalent circuit using ὠ  and Rth. 

 

Example:  

 

Find the Theveninôs equivalent circuit of the following circuit, to the left of the terminals 

a-b. Then find the current through RL = 6, 16, and 36 W.  
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Solution: 

Step 1:  Find Rth, a-b open circuited ( by removing the load). 

 
 
Note:  32 V voltage source O  short and 2 A current source O open 
 
     
 
 
Step 2: Find Vth, consider the following circuit (Open circuit voltage at a-b). 

 
 

    
Method 1: Mesh analysis 

σςτὭ ρςὭ Ὥ πȟ   Ὥ  ςὃ  
 
       So Ὥ= 0.5A 
 

ὠ  ρςὭ Ὥ ρς πȢυ ς σπὠ 
 
Alternative Method 2: Nodal analysis 

 
σςὠ

τ

ὠ

ρς
 

 
   ὠ  σπὠ 

W=+
³

=+= 41
16

124
112||4ThR
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Common Mistakes      Correct Statements 

σςτὭ ρςὭ Ὥ πȟ   Ὥ  ςὃ                                   
σςτὭ ρςὭ Ὥ πȟ   Ὥ  ςὃ

 

#ÏÎÓÉÄÅÒ ÃÕÒÒÅÎÔ ÆÌÏ× ÔÈÒÏÕÇÈ ÔÈÅ ρЏ ÒÅÓÉÓÔÁÎÃÅ                   -ÕÓÔ ÂÅ ÉÇÎÏÒÅ ÔÈÅ ρЏ ÒÅÓÉÓÔÁÎÃÅ ÂÅÃÁÕÓÅ ÏÆ  Á-b is open  
 i.e. 2(1) + Vth =0                                                                            No current flow throuÇÈ ÔÈÅ ρ Џ ÒÅÓÉÓÔÁÎÃÅ                                                                    

                                                                                                        Vth ρςὭ Ὥ     

  
                                                                                      

  
Step 3: The Thevenin equivalent circuit is shown in the following Figure. The current 

through RL is 

 

 
    

Ὅ
ὠ

Ὑ  Ὑ
 

 
 
When RL= 6, 

        IL  = 30/10=3 A 

When RL= 16, 

IL  = 30/20 = 1.5A 

 

When RL= 36, 
IL  = 30/ 40  = 0.75 A 

 
 

Nortonôs Theorem: 

 

Definition: Nortonôs theorem states that a linear two-terminal circuit can be replaced by 

an equivalent circuit consisting of a current source IN in parallel with a resistor RN. 
 
where  

¶ IN is the short-circuit current through the terminals. 

¶ RN is the input or equivalent resistance at the terminals when the 

independent source is turned off. 
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(a)      (b) 

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

 
To find the Norton Equivalent circuit: 
 
Procedure: 

 

Step 1: Find RN the same way we find Rth using Step 1 of Thevenin Equivalent circuit: 

    

Step 2: Find the short circuit current from a to b:                   

 
  

 
 
 
Thevenin or Norton equivalent circuit:  
 

¶ The open circuit voltage voc = Vth across terminals a and b.  

¶ The short circuit current isc = IN at terminals a and b   

¶ The equivalent or input resistance Rin  = Ὑ   Ὑ   at terminals 

a and b when all independent source are turn off. 

 
 Example: 

 
Find the Norton equivalent circuit of the circuit in the following Figure. 
 

 
 

 
Solution: 
 
Step 1: To find RN  in the following Figure 

ThRRN =

Th

Th

R

V
iI scN ==
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Step 2: To find IN in the following Figure. (short circuit the terminals a and b) 
 

 
 
Applying mesh analysis, we obtain 

Mesh 1: 
            Ὥ ςὃȣȣȣȣȣȣȣȣȣȣȣȢρ 
Mesh 2:  
ρςτὭ Ὥ ψὭ ψὭ πȣȣȢȢς 
ςπὭ τὭ ρς 
 
            Common Mistakes       Correct Statements 

 
           Ὥ ςὃ                                                                                   Ὥ ςὃ 
 
ρςτὭ Ὥ ψὭ υὭ ψὭ π                                           ρςτὭ Ὥ ψὭ ψὭ

π 
#ÏÎÓÉÄÅÒ υ Џ ÒÅÓÉÓÔÁÎÃÅ ÉÓ ×ÒÏÎÇ               -ÕÓÔ ÂÅ ÉÇÎÏÒÅ υ Џ ÒÅÓÉÓÔÁÎÃÅ   

  
 
 
From equation (1) and (2), we get 
 Ὥ ρὃ Ὥ Ὅ 
 
  
 Alternative method for IN 
       

   Ὅ    

 
                                     6ȡÏÐÅÎ ÃÉÒÃÕÉÔ ÖÏÌÔÁÇÅ ÁÃÒÏÓÓ ÔÅÒÍÉÎÁÌÓ Á ÁÎÄ Â ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ &ÉÇÕÒÅȢ
             

W=
³

==

++=

4
25

520
20||5

)848(||5NR
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¶ Mesh analysis  

 Ὥ ς ὃȟ       ςυὭ τὭ ρς π 
 
 ḈὭ πȢψ ὃ 
  Ḉὺ ὠ υὭ τ ὠ 
 
 Hence,  

                     Ὅ ρ ὃ 

    

 
 
 
Maximum Power Transfer: 

 

Maximum power is transferred to the load when the load resistance equals the Thevenin 

resistance as seen in the load (RL = RTH). 
 

                      

ὖ Ὥ Ὑ
 

2  Ὑ  

 
            
 

Figure: The circuit used for maximum power transfer. 

 
OPERATIONAL AMPLIFIERS (OP AMPS) : 

 

¶ Op Amp is short for operational amplifier. 

¶ An operational amplifier is modeled as a voltage controlled voltage 

source. 

¶ An operational amplifier has very high input impedance and very high 

gain. 

 
ñIdealò Op Amp 
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¶ The input resistance is infinite, Rin =Ð. 

¶ The gain is infinite, A = Ð. 

¶ Zero output resistance, Ro= 0. 

¶ The op amp is in a negative feedback configuration. 

 

 
Figure: Ideal op amp model 

 
Two Important characteristics of the ideal op amp are: 

 

1. The currents into both input terminals are zero: 
 

  Ὥ πȟ       Ὥ π 

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

 
ὺ  ὺ ὺ  π 

 
 

 

 

ὺ ὺ 

Inverting Amplifier 

 

Non-inverting Amplifier 

 

¶ Non-inverting input terminal is 

connected to the ground. 

¶ Voltage source vi connected to the 

inverting input terminal through R1 

¶ Voltage gainȟ        

 

 
 

¶ Voltage source vi connected to 

directly at the non-inverting input 

terminal. 

¶ Resistor R1 is connected between 

the ground and the inverting 

terminal. 

¶ Voltage gain,   ρ   
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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 characteristic of the ideal op amp. 

 
      Ὥ πȟ       Ὥ π  

                                                                  ὺ ὺ ÏÒ   ὺ ὺ  
  
   

Step 3: Solve for the op amp output voltage. 

 

 
Example: 

Determine vo of the following op amp circuit. 
 

 
Figure: The op amp circuit. 

 
Solution: 
 

Step 1: Applying KCL at node a, 
ὺ ὺ

τπρπππ

φ ὺ

ςπ ρπππ
 

 
                                                                ὺ ὺ ρςςὺȣȣȣȢɉρɊ 
 

Step 2:For an ideal op amp, 
   
                          ὺ ὺ ς 6ȣȣȣȣȣ(2) 
 

           Common Mistake    Correct Statement 
ὺ ὺ π                                                                ὺ ὺ ς 6 

(2V is connected to the 
terminal b) 

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

 ὺ σὺ ρς σς ρς φ6 
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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, ὅ  

‐ ‐‐ȟ         ‐ ψȢψυτρπ  
Ὂ

ά
 

 
 

Feature: 

 

Three factors affecting the value of capacitance: 
 

1. Area: the larger the area, the greater the capacitance.  

2.  Spacing between the plates: the smaller the spacing, the 

greater the capacitance. 

3. Material permittivity: the higher the permittivity, the greater 

the capacitance. 
 
Circuit Symbols for Capacitors: 

 
 

                               
      (a)             (b) 

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

 
 

Charge in Capacitors: 

q=cv    
1F= 1C/V 
 

Current in Capacitor ,     Ὥ ὅ  

 
 
Keep in mind the following things for the Capacitor:  

 

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

 
 
Energy Storing in Capacitor: 

 

ύὸ
ρ

ς
ὅὺ ὸ               ύὸ

ή ὸ

ςὅ
 

Examples: 

 

1. Calculate the charge stored on a 3-pF capacitor with 20V across it.  

 

Solution: 

               Since,  
                    q=CV 
        
       
 

2. Find the energy stored in the capacitor. 
 
Solution: 

 

The energy stored is 

ύ
ρ

ς
ὅὺ

ρ

ς
σ ρπ τππφππÐ* 

 
 
3.  Find the energy stored in each capacitor in the following circuit under dc condition. 
 

 
Solution: 

Under dc condition, we replace each capacitor with an open circuit in the following 

Figure.  

pC6020103 12 =³³= -q
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Common Mistake       Correct Statement 

                                  
ὄώ ὧόὶὶὩὲὸ ὨὭὺὭίὭέὲȟ  

Ὥ  
σ

σ ς τ υ
 φάὃ ρȢςάὃ                                        Ὥ

σ

σ ς τ
φ άὃ ςάὃ 

 
 
By current division, 

Ὥ
σ

σ ς τ
φ άὃ ςάὃ 

 
ὺ ςρπππς ρπ τὠ 

 
ὺ τρπππς ρπ ψὠ 

 

ύ
ρ

ς
ὅὺ

ρ

ς
ς ρπ τ ρφ Í* 

ύ
ρ

ς
ὅὺ

ρ

ς
τ ρπ ψ ρςψ Í* 

 

 
Inductor: 

 

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

ὒ
ὔ‘ὃ

ὰ
 

‘ ‘‘ 
   

‘ τ“ ρπ 
Ὄ

ά
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ὔȡ.ÕÍÂÅÒ ÏÆ ÔÕÒÎÓ 

ὰȡÌÅÎÇÔÈ 

ὃȡÃÒÏÓÓÓÅÃÔÉÏÎÁÌ ÁÒÅÁ 
 

‘ȡÐÅÒÍÅÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÃÏÒÅ 
 

 
Voltage and Energy Stored in an Inductor: 

 

 Voltage, ὺ ὒ   

                    Energy, ύὸ ὒὭὸ 

 

Keep in mind of the following things for an inductor. 

 

¶ An inductor is like a short circuit to dc. 

¶ The current through an inductor cannot change instantaneously. 

 

Example: 

 

1. The current through a 0.1-H inductor is i(t) = 10te-5t A. Find the voltage across the 

inductor and the energy stored in it. 

 

Solution: 

 

Since ὺ ὒ  ὥὲὨ ὒ πȢρὌ 

 

Voltage is ὺ πȢρ ρπὸὩ Ὡ ρ υὸ6 

 

The energy stored is 

  

ύὸ ὒὭὸ= (0.1)(100ὸὩ υὸὩ ὐ 
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Summarize the most important characteristics of the three basic circuit elements: 

 
Relation                 Resistor ®                               Capacitor (C)                                     Inductor (L) 

ὺ Ὥȡ                     ὺ ὭὙ                                            ὺ  
ρ

ὧ
 Ὥ†Ὠ†ὺὸ                  ὺ ὒ

ὨὭ

Ὠὸ
 

 

Ὥ ὺȡ                     Ὥ
ὺ

Ὑ
                                             Ὥ ὅ

Ὠὺ

Ὠὸ
                                                 Ὥ

ρ

ὒ
ὺ†Ὠ†Ὥὸ  

 

ὴ έὶ ύȡ                 ὴ  ὭὙ
ὺ

Ὑ
                             ύ

ρ

ς
ὅὺ                                               ύ

ρ

ς
ὒὭ 

 

Series:                 Ὑ Ὑ Ὑ                            ὅ                                              ὒ ὒ ὒ 

 

Parallel:              Ὑ                                   ὅ ὅ ὅ                                        ὒ  

 

 

At dc:                   Same                                          Open circuit                                    Short circuit 

 

 

Circuit variable  

that cannot  

change abruptly:    not applicable                              voltage (v)                                   current (i)     

 

 

 

 
 
First Order Circuits  

 

Definition: A first-order circuit is characterized by a first-order differential equation. It 

can only contain one energy storage element (a capacitor or an inductor). The circuit will 

also contain resistance.  

 

Two types of first-order circuits: 

¶ RC circuit 

¶ RL circuit 

 

Source-Free Circuits: 

 

Definition: A source-free 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 due to initial conditions (initial 

capacitor voltages and initial inductor currents). 
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Source-Free RC Circuits: 

 

Procedure:  

 

Step 1: Apply KCL on the circuit 

Step 2: Find the differential equation  

 

Example:  

 

Consider the RC circuit shown below.  
 
 

 
Figure: RC circuit 

 
Note: It is source-free because no sources are connected to the circuit for t > 0. 

 

Solution:  

 

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

 

Ὥ Ὥ π 
 

            ὅ
Ὠὺ

Ὠὸ
 
ὺ

Ὑ
π 

 

           
Ὠὺ

Ὠὸ
 
ὺ

Ὑὅ
π 

 

Step 2: Solve the differential equation.  

 

 

 

V0 = initial condition 

 

† Ὑὅ ὸὭάὩ ὧέὲίὸὥὲὸ 
 

 

   

 

 

 

ὺ  ὠ Ὡ
Ⱦ   

ὺ  ὠ Ὡ
Ⱦ† 
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The Key to Working with a Source- Free RC Circuit Is Finding: 

 

1. The initial voltage v(0) = V0 across the capacitor. 

2. The time constant †Ȣ 
 

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.  
 

 
Figure: RL circuit 

Step 1: Apply KVL around the loop,                

                                                                                    ὺ ὺ π 
 

ὒ
ὨὭ

Ὠὸ
ὙὭπ 

 
ὨὭ

Ὠὸ
 
Ὑ

ὒ
Ὥ π 

 

Step 2: Solve the differential equation to show that, 

 

 

 

                                                                   

†
ὒ

Ὑ
 

  

Ὥ Ὅ Ὡ  

 
 
 

Ὥ Ὅ Ὡ  
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AC CIRCUITS  

SINUSOIDS AND PHASORS 

 

Sinusoids: 

¶ A sinusoid is a signal that has the form of the sine or cosine function. 

¶ The sinusoidal current is referred to as an AC. Circuits driven by AC 

sources are referred to as AC Circuits  

¶ Sketch of Vm sin ὸ 

 

 
 

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

 
ü Vm is the amplitude of the sinusoid 

ü is  the angular frequency in radians/s  

ü ὸ is the argument of the sinusoid 

ü f is  the FREQUENCY in Hertz.  ς“Ὢ ὥὲὨ Ὢ  

ü T is the period in seconds. Ὕ  

  

Example: 

Find the amplitude, phase, period, and frequency of the sinusoid 

  

ὺ ρςÃÏÓ υπὸ ρπ   

 

Solution: 

 

     The amplitude is:  ὠ ρς 
 

     The phase is:  • ρπ 
 

     The angular frequency is:   υπ Ȣ 

 

     The period is:  T=   =0.1257 sec. 

 

     The frequency is: Ὢ   = 
Ȣ  

7.958 Hz 
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Phase of Sinusoids: 

  

Definition: A periodic function is one that satisfies v(t) = v(t + nT), for all t and for all 

integers n.  
 

 
 

Figure: Two sinusoids with different phases. 

 
¶ Only two sinusoidal values with the same frequency can be compared by 

their amplitude and phase difference.  

¶ If the phase difference is zero, they 

are in phase. 

¶ If the phase difference is not zero, 

they are out of phase. 

 

Example :  

Consider the sinusoidal voltage having phase ű,  

ὺ ὠÓÉÎὸ •  

 

Note that the following things in the above circuit: 

 

¶ v2 LEADS v1 by phase ű 

¶ v1 LAGS v2 by phase ű 

¶ v1 and v2 are out of phase 

 
Complex Numbers and Phasors: 

 

Complex Numbers: 

 

Definition: A complex number may be written in the following form:  

       

Rectangular form:     ᾀ ὼ ὮώȟὮ Ѝ ρ 
 

ὼ ὶὧέί—  ȟώ ὶίὭὲ— 
Polar form: 

ᾀ ὶ • 
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ὶ ὼ ώȟ   — ÔÁÎρ
ώ

ὼ
 

 

Exponential form:  

ᾀ ὶὩ  
 

ὶ ὼ ώȟ   — ÔÁÎ
ώ

ὼ
 

 

 

Phasors: 

¶ A phasor is a complex number that represents the amplitude and phase of 

a sinusoid. 

¶ Phasor is a mathematical equivalent of a sinusoid with time variable 

dropped. 

 

 

 

 

 

 

 

¶ Amplitude and phase difference are two principal concerns in the study of 

voltage and current sinusoids. 

¶ Phasor will be defined from the cosine function in 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: 

 

a. Ὥ φÃÏÓυπὸ τπ  
 

b. ὺ τÓÉÎσπὸ υπ  
 

Solutions: 

a.  I = 6 ̓ 40o A 

 

b.  Since ïsin(A) = cos(A+90o);  

 

       v(t) = 4cos (30t+50o+90o) = 4cos(30t+140o) V  

 

       Transform to phasor => V = 4̓140o V  

 

(TimeDomain Repr.) (Phasor Domain Representation)

( ) Re{ } (Converting Phasor back to time)

( ) cos( )m m

j t

v t V t V

v t ew

w f f= + Ú =

=

ÏV

V
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Phasor Diagrams:  
 
Sinusoidïphasor transformation: 

 
 

 
 
 
 
 
 
 

 
 
 
Phasor Relationships for Circuit Elements: 

 

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

 

Element Time domain Frequency domain 
 

R 

 

L 

 

C 

 

ὺ ὙὭ 
 

ὺ ὒ
ὨὭ

Ὠὸ
 

Ὥ ὧ
Ὠὺ

Ὠὸ
 

 

ἤ Ὑ╘ 
 

ἤ Ὦ╘ὒ 
 

ἤ
ρ

Ὦὅ
 

 

Example: 

If a voltage v(t) =  100 cos(60t +20o) V is applied to a parallel combination of a 40-kW  

resistor and a 50-mF capacitor.  Find the steady-state currents through the resistor and 

capacitor. 

 

Solution: 

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

 
100 20

/ 2.5 20  mA
40

o
o

R RV I R I V R
k

<
= ½½ = = = <  

 2.5cos(60 20 )  mAo

Ri t= +  

 

For the capacitor, 

 650 10 ( 60) 100sin(60 20 ) 300sin(60 20 ) mAo o

C

dv
i C x x t t

dt

-= = - + =- +  

 

 

Impedance and Admittance: 

 

  

     cos( )

    sin(

Time

) 90

    cos

Domain Representation Phasor Domain Re

( )

    sin( ) 0

p.

9

m m

m m

m m

m m

V t V

V t V

I t I

I t I

w f f

w f f

w q q

w q q

+ Ï

+ Ï - ¯

+ Ï

+ Ï - ¯
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