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Atomic Structure 

Atoms consist of negative charges (electrons) revolving around the nucleus, which itself consists of positive charges (protons) and neutral particles (neutrons). Number of electrons and protons in an isolated atom remain equal and is called Atomic Number of that atom. Hence the equal negative charge shields the positive charge at the center and atom as a whole become neutral.

According to the quantum theory of atoms, energies, referred as energy levels, of electrons in an isolated atom are not continues but discrete. This means that electrons require certain minimum amount of energy to increase their energy level, or in other words they can’t increase their energy unless they are given that minimum energy. Check out this very interesting discussion regarding energy levels. 

Back
Shells and sub Shells

Schematically energy levels of electrons in an atom are represented by shells and sub shells. Since in a sense electrons are moving around the nucleus, they possess orbital angular moment. Now different orientations of angular moment, having same magnitude, contribute to the same energy or energy level, we call that energy level as orbit or shell, and different orientations of orbital angular moment which contribute to the same shell, as orbitals or sub shells. Shells are denoted as K, L, M,…., and sub shells are denoted as s,p,d,…. and so on. Technically shells are represented by ‘n’ which can have values 1,2,3,…. (corresponds to K,L,M,… respectively) and sub shells as ‘l’ having values [image: image1.wmf]0,1,2,............(n1)

±±-

, corresponding to s,p,d,…. respectively.

Beside orbital momentum, electrons also carry spin momentum due to their motion around their own axis. Electron carry either +1/2 or -1/2 spins. Quantum theory also give a simple formula for maximum occupancy of each shell, and it is [image: image2.wmf]2

2n

, ‘n’ is the number of any shell. So K (n=1) can accommodate only 2 electrons, L 8, M 18, and so on. 

This figure schematically shows shells and sub shells of an atom.

Check out this java applet to see different real images of shells and sub shells of hydrogen atom.

Back
Exclusion Principle, Valence and Stability 

According to the exclusion principle, put forward by Wolfgang Pauli (1900-1958), different components of sub shells or orbitals, can accommodate not more than two electrons with opposite spins. 

Now that we have understood things about shells and sub shells, we can fill these levels with electrons for different types of atoms (elements). For example atomic number of oxygen is 8, so 2 will settle to s orbital in K shell, remaining 6 will go to the L shell, sitting 2 in s and 4 in p orbitals. So electronic configuration of oxygen will be 2s, 2s 4p. Just of an exercise take any element from the Periodic Table, and find the electronic configuration of that element. 

Last filled atomic shell of any element is called Valence shell, and no of electrons in valence shell is called the Valence Number of that element. 

Atoms having their valence shell completely filled are considered more stable than other atoms. For example, helium have only two electrons which fill the valence shell (K shell) completely, so it is more stable. 

Back
Electric Field

Charges carry a region around themselves, in which any other charge feels attraction or repulsion. This region is called the electric field of that charge. Electric field is considered as consisting of lines of force, originating from the charge. Positive charge have these lines pointing outwards, while for negative charges these lines points inwards, as shown in the fig. The direction of these lines force represents the direction of electric field, and number of these lines passing through unit area, held perpendicular to the direction of these lines, contributes to the  magnitude of the electric field.

Back
Coulomb’s Law

Like charges repel each other while unlike charges attract. Coulombs law gives a mathematical expression for the force of attraction and repulsion. It says that the force is directly proportional to the product of the two charges, and inversely proportional to the square of the distance between their centers. If [image: image3.wmf]q1

and [image: image4.wmf]q2

 are the two charges with [image: image5.wmf]r

 as the distance between their centers, then the magnitude of the force [image: image6.wmf]F

is given by
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Where ‘k’ is the proportionality constant. 

Strength of the electric field [image: image8.wmf]E

 is defined as force experienced by a test charge at some fixed point in electric field.  
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Work done and Potential Energy

Lets move a positive test charge in an electric field of a positive charge. According to Coulomb’s law, test charge will feel a force of repulsion, we will have to ‘push’ it towards the positive charge, by doing this we actually do some work on it, that work is stored in that test charge as electrical potential energy. By using the expression of the force given by coulomb’s law, one can easily see that the potential energy is proportional to [image: image11.wmf]o
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, where q is the source charge at center, qo is the test charge and r is the distance between the test charge and the source charge.  

Back
Static and Current Electricity

There are actually two types of electricity, static and current. Current electricity is what we are studying in this course, that is motion of charges. About static electricity, don't you find it a bit misleading term. Static means motionless state, and electricity involves motion of charges. Infect it is not a correct term, but it is used anyway. Static electricity evolves the imbalance of charge. Consider a bunch of atoms sitting together, if we separate the negative electrons of all the atoms a bit further from their nuclei, by some means, we will get a small region with excess of electrons and a region where positive charge i.e. protons in excess. Or in other words we get a positive and negative region, This phenomenon is called static electricity. Static here doesn't means charges at rest. Charges never stay at rest, they are moving all the time. In an isolated state, their motion is confined in such a way that over all the charge remains zero. With some external force we can break this symmetry and confine their motion in regions with excess of negative or positive charges, thus causing an electrical effect.

For more details click here.

Back
Potential difference and Current

Current (measured in Amperes) is actually the flow of electrons (charge). Its like finding the quantity of water flowing through a pipe of certain area in unit time. So imagine the cross-section of a wire having electrons passing through. Now if you count the no. of electrons passing through the cross-section in one second, that would be exactly the quantity what is called current. 
Volts is the measure of Potential Difference across circuit elements (battery, resistor etc.). Consider two cylinders of water one having less water than other, now link the two cylinders with a pipe, so that the water from one cylinder can pass to other. Now what will be the direction of water?....... YES. you are right. water will flow from the cylinder having more water to one that has less water. this will result in decreasing of water level from where it is flowing and increase in water level in cylinder to which water is flowing. When both levels come to same height, water will stop to flow. Technically this happens due to the difference in the potential energies of water in two cylinder. Water will flow only when there is a potential difference, and when it is zero (i.e. when two levels become equal) water will stop to flow. Same thing happens when we create a potential difference across a wire, on one side of wire there are more electrons, creating a negative charge region, while on the other end electronic concentration is low, becoming a positive region as compared to the negative region. This potential difference will make electrons to flow from negative to the positive side. thus resulting in non zero current. In case of zero potential difference (i.e. when both side have equal no. of electrons making the two sides at the same potential), no electron will feel a 'push' to either end, thus results in zero current. 
This is the basic relation between currents and volts, with currents acting as 'effect' and volts as 'cause'. Now since under applied voltages, electrons flow through wire, that means by applying voltages we give electric energy (measured in Joules) to the wire, 

Check this interesting link to get a deep insight into charge flow.

Back
Polarity and sign convention

Consider the figure, In (a) terminal A is at set at higher potential and B is at lower potential, thus if a charge is moved from A higher potential through circuit to lower potential B, it will loss energy to the circuit, thus the voltage will be taken as positive across the two terminal as positive. In (b) if a charge is moved from B (low potential terminal) to A (higher potential), it will require some energy (equal to the difference in potential at the two terminals) from the circuit, in this case the voltages across the terminal will be taken as negative, In other words if current leaves from high potential (having positive polarity) terminal of any circuit element (battery, resistor etc.), the voltage across that element will be considered as positive, similarly if current leaves the circuit element from low potential (having negative polarity) terminal, voltages across that element will be considered as negative. Similarly for fixed voltages, current leaving the positive terminal of the element will be taken as negative, and positive if it enters the element from positive terminal.

Back
Power and Passive sign convention

When a current flows through a circuit, energy is supplied by some circuit elements like battery and it is consumed by other elements like resistor. Energy supplied or consumed by any circuit element per unit time is the power delivered or absorbed by that element respectively. Mathematically, if V is the voltage across that element and I is the current is passing through it, then power P is given by 

[image: image12.wmf]PIV
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Power sign indicates that if it is delivered or absorbed by that element. Negative sign shows that power is delivered by that element to the circuit, while positive sign shows that it is absorbed. This is called the passive sign convention. 

Back
Voltage and Current Divider Rules

Consider the fig.1. Since all three resistors are in series so the total resistance RT is given by 

[image: image13.jpg]Fig.1.




RT = R1 + R2 + R3

Since current I remain same through out the series circuit, so it is given by

I = V/RT

Thus 

V1 = R1I = (R1/RT)V

V2 = R2I = (R2/RT)V

V3 = R3I = (R3/RT)V

So in general the rule is that if the resistors are in series and total voltages across them is known, then voltages across each resistor is given by the ratio of that resistance and total resistance multiplied by the total voltages. That means higher the resistance, higher it will have the share of the input voltage.

Now check the fig.2. 

All three resistors are parallel, so the voltages across each resistor will be same, while current will be divided.

Current I is given by 

I = V/RT
where RT is given by 

1/RT = 1/R1 + 1/R2 + 1/R3
but 

V = R1I1 = R2I2 = R3I3
so

I1 = (RT/R1)I

I2 = (RT/R2)I

I3 = (RT/R3)I

[image: image14.jpg]



Now if there are only two resistors, say R1 and R2, then

RT = R1.R2/(R1+R2)

so current I1, through R1, will be 

I1 = (RT/R1)I=[R1.R2/(R1.(R1+R2))]I = [R2/(R1 + R2)]I

similarly for R2,

I2 = [R1/(R1 + R2)]I

Note the subscript of resistor in the nominator.

These relations shows some interesting features.

1. For two parallel resistors of equal value, the current will be divide equally.

2. For parallel resistors with different values, the smaller the resistance, the greater the share of the input current.

3. For parallel elements of different values, the current will split with a ratio equal to the inverse of their resistor values. 

Back
Nodal Analysis

Node is just the point in the circuit where two or more circuit elements are connected, the connection between any two nodes is called a branch. Node analysis is basically a technique based upon KCL.

Current entering any node is considered as negative, while current leaving the node is considered as positive.

Consider this network.

[image: image15.jpg]



It has five nodes, labeled as 1,2,3,4,5. We can write the five KCL equations for each node.

at node 1,
I1 + I2 – IS = 0
at node 2,
I7 - I5  – I1 =  0
at node 3,
I3 + I6 – I2 – I7 = 0
at node 4,
IS + I4 – I3 = 0
at node 5,
I5 + I4 – I6 = 0
If we add the first four equations, we get the fifth one. This means that only four equations are linearly independent. In general we can conclude that if ‘N’ is the number of nodes in a circuit, then it will yield ‘N-1’ linearly independent equations. Generally speaking if we calculate the node voltages we can analyze the circuit completely. To fix the node voltages, we have to define a reference node in the circuit. Although we can take any node as the reference node, but its more convenient to take that node as a reference node, which is mostly connected with other nodes, and is at lowest potential (for example at zero potential). In this way we can fix the node voltages with respect to the reference node voltages. KCL equations for different nodes can be used to find the node voltages. 

In the following the basic steps for Nodal Analysis are summarized.

1. Label different nodes in a circuit. 

2. Pick a reference node. 

3. label the node voltages as V1, V2, ….etc. with respect to the reference node voltage. 

4. Write the KCL equations for each node. 

5. Solve them for node voltages. 

But these steps are helpful only if the number of unknown quantities to be found, and the number of simultaneous equations are equal. In certain cases this doesn’t happen. For-example, look at this circuit.

[image: image16.jpg]Reference Node




Let in this circuit IS, VS, and resistors R1, R2, R3 are known. Since V1 is the voltages at node 1 with respect to that of reference node, hence it is the voltages across the resistor R1, similarly V2 are the voltages across R2 and R3. Writing the KCL equations for the two nodes,

at node 1;
(V1/R1) - IS - I = 0


at node 2;
I - (V2/R2) - (V2/R3) = 0

Now if the current ‘I’ is not known, (which is usually not) we have three unknown quantities with only two equations, so there is no trivial solution. 

Since we usually don’t know the current I, we use a bit different technique. We combine the two nodes to form one Super Node, as shown in Fig.3.

[image: image17.jpg]Super Node
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You may have realized the convenience this procedure has brought, we no longer need to know the current I between the two nodes. 

Writing the KCL equation for the super node,

(V1/R1)  + (V2/R2) + (V2/R3) - I = 0

(a)

We still need one more equation to find the two unknown quantities V1 and V2. Look at the circuit again. Presence of a source voltages between the two nodes has put a constraint on the values of V1 and V2. Mathematically,

V1 – V2 = VS 

(b)

Solving the two equations (a) and (b) will give the values of V1 and V2. 

We can summarize the supernode technique as following.

1. Use it when a branch between two non reference nodes contains a voltage source. 

2. First encircle the voltage source and the two connecting nodes to form a supernode. 

3. Write the KCL equation for the supernode. 

4. Write the equation for the two node voltages, considering the voltages source between them 

5. If the voltage source is dependent then the controlling equation for the dependent source is also needed. 

Back
(-( Transformation

Consider the following Bridge Network, no resistor is in series or parallel to another resistor, we need a bit different technique to solve such circuits. 

Note that resistors R1, R2 and R3 form a delta ( like network, we can convert it into ( (wye) like network, which will simplify our problem. 

[image: image18.jpg]



consider the delta ( network and its equivalent  ( (wye) network, in the following fig.

[image: image19.jpg]



RA, RB and RC are the equivalent resistors in ( network, to R1, R2, and R3 resistors in ( network. To find the relation between them, consider this simple rule. Resistors in ( network should have values so that the resistances between the nodes A, B, and C must remain the same as in ( network. To find the resistances between the nodes, we follow this procedure. For example if we want to find the resistance between A and B, we will put the node C open (disconnected from the circuit), similarly other resistances between the nodes can be found.

For this problem, to find the resistance between nodes A and B, we keep C open, In ( network, this will make resistances R1, and R3 in series, and the resultant of it will be parallel to R2, thus resistance RAB between A and B will be
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Now in ( network, keeping C open, RA and RB will be in series, hence in this network resistance RAB between A and B will be
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In order for ( network to be equivalent to the equating the two resistances ( network, both resistances must be equal. hence,
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(a)

Similerly finding resistances between nodes A and C, B and C, yields the following equations.
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(b)

Solving the equations (a) and (b) simultaneously for RA, RB, RC, we get 
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(1)

Similerly we can solve these equation for R1, R2, R3, as
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(2)

Using equation (1) and (2), we can convert the two type networks into each other.

Following fig. shows the equivalent circuit with ( network of the bridge network shown before. You can notice the convenience this transformation has brought. Now its easy to find the total resistance of the network.

[image: image26.jpg]
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===========================================

IMPORTANT FAQS
Circuit Theory in a Nutshell

Practical tips

Here are few practical things one needs to analyze any linear DC circuit problem.

Resistors in series and parallel.

Two resistors will be in series if their common node is not connected to any other current carrying element. If there are N resistors connected in series, their total resistance RT is given by

RT = R1 + R2 + R3 ……….. RN 
Two resistors will be parallel if their both ends are connected to each other. For N resistors in parallel, total resistance RT is given by

1/RT = 1/R1 + 1/R2 +………..1/RN  

Conventional current and sign convention.

Current always flows from higher potential to lower potential if there is no source present in between. Conventionally current is supposed to flow from positive potential terminal of the source to the negative one. Hence positive terminal will be considered as at higher potential as compared to the negative terminal. Now if current is flowing from negative terminal of any circuit element to the positive terminal, voltages across it will be considered negative. Voltage will be positive if current is flowing from positive terminal to the negative one.

[image: image27.emf]+
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Ohm’s Law

Mathematically, if I is the current passing through any circuit element, having resistance R, then voltages ‘V’ across it will be,

V = RI
Short Circuit

A circuit or part of a circuit is said to be short if it don’t contains any load resistor. Since maximum current pass through the short circuit, so if any resistor contains a branch parallel to it, short circuited, then no current will flow from that resistor. Ignore any resistance which have parallel short circuited branch.

Multiple Voltage or Current sources

If a loop contains more than one  voltage or current source, then check if they are connected in the same direction, that is if positive terminal of the source is connected to the negative terminal of another source, then the source will add up, if they are connected otherwise, their effect will be lowered. Polarities across resistors in that loop will be marked considering only the higher source. 

Voltage and Current divider rule

If ‘V’ is the voltage across some resistors R1, R2,… in series, RT is the total resistance, then voltage, say V1 across any resistor R1 is given by

V1 = (R1/RT)V
where RT is given by 

RT = R1 + R2 + R3 ……
Similarly if R1, R2,….,RN are resistors in parallel to each other, currents I1,I2,….,IN, are current passing through them respectively, where I is the total current, then according to current divider rule,

I1 = (RT/R1)I
where RT is given by    

1/RT = 1/R1 + 1/R2 +………..1/RN
Kirchhoff’s Laws

Kirchhoff’s voltage law (KVL) says that the sum of the voltages across all the circuit elements in a loop must be equal to zero. KVL is always applied on a loop.

Kirchhoff’s current law (KCL) says that the sum of current entering and leaving certain node in a circuit must be zero. KCL is applied on certain node in the circuit.

Nodal Analysis 

Follow these steps to perform nodal analysis,

1. Label all the nodes in the circuit. 

2. Take any node as a reference node and put it at zero voltage. Practically it is more convenient to take that node as a reference which is mostly connected to the other nodes. 

3. Label the node voltages as V1,V2,… with respect to the reference node voltage (which is zero). 

4. Write the KCL equation for each node except the reference node. Assume that all unknown currents leaves the node for each application of Kirchhoff’s law. That is for each node, unknown current should be considered as flowing outwards, regardless of the direction of current at any other node. Each node should be treated as independent entity. for example consider the following circuit. 

[image: image28.wmf]

for node 1, current flowing through R2 is taken from V1 to V2, while for node 2, it 
is taken from V2 to V1.

5. Solve them for node voltages. 

Once you have found the node voltages, you can find all other parameters of the circuit.

Super Node Technique

If any two nodes contains a voltages source (independent or dependent) in between two nodes you need a bit different technique. Follow these steps, beside the steps stated above.

1. Encircle the two nodes and the voltage source in between them to form a one super node. 

2. Write the KCL equation for the super node. 

3. Write the controlling equation for the two node voltages, considering the voltages source between them. 

Loop Analysis

Follow these steps.

1. Assign a distinct current in the clockwise direction to each independent, closed loop of the network. Although it is not necessary in principle to take the clockwise direction of the current, but its good to stick with one direction (clockwise or anti clockwise). 

2. Indicate the polarities within each loop for each resistor in the loop as determined by the assumed direction of loop current for that loop, independent of the effect of current in any other loop. Polarities will be set considering the rule that current flows from positive potential to negative. consider the following circuit. 

[image: image29.wmf]
3. Apply Kirchhoff’s voltage law around each closed loop. 

a. If a resistor has two or more assumed currents through it, the total current through that resistor will be the assumed current of the loop on which Kirchhoff’s law is being applied plus the other loop currents flowing in the same direction, minus the loop currents flowing in the opposite direction. 

b. the polarity of the voltage source will be unaffected by the direction of the loop current. 

4. If current sources are present in the network then try this technique. Assign loop current passing through each current source. Remaining each current can be obtained by open-circuiting the current sources (just imagine that they are not present). Now write the KVL equations for this modified network (that is, after open-circuiting the current sources). Use source currents and the KVL equations to find the remaining loop currents. 

5. If two loop currents are passing through a current source, then form a super mash around that source. Current source will put a constraint on the values of the two loop currents passing through it, giving an extra equation. 

6. Solve the resulting equations for the assumed loop currents. 

GLOSSARY

	Ammeter: 
	An instrument designed to read the current through elements in series with the meter. 


	Ampere(A): 
	The SI unit of measurement applied to the flow of charge through a conductor

	Branch: 
	The current path between any two nodes is called a branch. 

	Circuit: 
	Its a closed path for electric current 


	Cell: 
	A fundamental source of electrical energy developed through the conversion of chemical or solar energy. 


	Conductor: 
	Materials that permit a generous flow of electrons with very little voltage applied. 


	Coulomb(C): 
	The fundamental SI unit of measure for charge. It is equal to the charge carried by 6.242 10^18 electrons 


	Conductance: 
	A measure of the relative ease with which a current can be established in a material. 


	Circuit Breaker: 
	A two-terminal device designed to ensure that current levels do not exceed safe levels. If 'triped' it can be reset with a switch or a reset button. 


	Conventional Current Flow: 
	Conventionally current is considered to flow from a positive potenital to the negative potential. It is called conventional current flow. 

	DC current source: 
	A source that will provide a fixed current level though the load to which it is applied may cause its terminal voltage to change 


	DC voltage source: 
	A source that will provide a fixed amount of voltages across its terminal regardless of the current passing through the circuit. 


	Direct current: 
	Current having a single direction (unaltered) and a fixed magnitude over time. 


	Ductility: 
	The property of a material that allows it to be drawn into long,thin wires

	Free Electron: 
	An electron unassociated with any particular atom, relatively free to move through a crystal lattice structure under the influence of external field 

	Internal Resistance: 
	The inherent resistance found internal to any source of energy. 

	Malleability: 
	The property of a material that allows it to be worked into many different shapes. 

	Node: 
	A point where two or more circuit elements are connected. 

	Open Circuit: 
	A circuit having practically infinit resistance 

	Potential Difference: 
	The algebraic difference in potentials between the two points in the electrical system. 


	Potential Energy: 
	The energy possessed by any mass due to due to its position in a force field. 


	Power: 
	Its a measure of energy used or supplied per unit time. 

	Resistance: 
	A measure of the opposition to the flow of charege through a material. 


	Resistivity: 
	It is a Charateristic resistance offered by certain material in the path of flowing charges. 

	Semiconductors: 
	A material having a conductance value between that of conductors and insulators 


	Short Circuit: 
	A circuit having no load resistance 


	Series Resistors: 
	Two current carrying resistors are considered to be in series if they have only one node in common, and that node is not connected to any other current carrying resistor 
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	http://www.shodor.org/unchem/basic/atom/:


	
	Atomic Structure


	http://www.st-andrews.ac.uk/~www_pa/Scots_Guide/intro/electron.htm:


	
	A comprehensive guide to electronics


	http://www.watertown.k12.wi.us/HS/Staff/Buescher/atomtime.asp:


	
	Atomic structure time line


	http://www.webelements.com/:


	
	Online Periodic Table


PHY301 �[VU_PK]









