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Theoretical Background
Kirchhoff’s first law is based on the law of conservation of charge, which requires that the algebraic sum of charges within a system cannot change. Kirchhoff’s current law (KCL) states that the algebraic sum of currents entering a node (or a closed boundary) is zero.
[image: ]
In the above equation N is the number of branches connected to the node and in is the nth current entering (or leaving) the node. By this law, currents entering a node may be regarded as positive, while currents leaving the node may be taken as negative or vice versa. This law indirectly implies that the sum of the currents entering a node is equal to the sum of the currents leaving the node.
Kirchhoff’s second law is based on the principle of conservation of energy.Kirchhoff’s voltage law (KVL) states that the algebraic sum of all voltages around a closed path (or loop) is zero.
[image: ]
In the above equation Mis the number of voltages in the loop (or the number of branches in the loop) and vm is the mthvoltage. KVL can be applied in two ways: by taking either a clockwise or a counterclockwise trip around the loop. Either way, the algebraic sum of voltages around the loop is zero. KVL indirectly implies that:
Sum of voltage drops = Sum of voltage rises
[image: ]
Figure 1: A singe loop with two resistors connected in series

To determine the voltage across each resistor in figure 1, we have the following formula:
[image: ]
Notice that the source voltage v is divided among the resistors in direct proportion to their resistances; the larger the resistance, the larger the voltage drop. This is called the principle of voltage division or voltage divider rule (VDR), and the circuit in figure 1 is called a voltage divider. In general, if a voltage divider has N resistors (R1, R2, R3… RN) in series with the source voltage v, the nth resistor (Rn) will have a voltage drop of: 
[image: ]
[image: ]
Figure 2: Two resistors in parallel
To find the branch currents we have the following formula:
[image: ]
The above two equations show that the total current i is shared by the resistors in inverse proportion to their resistances. This is known as the principle of current division or current divider rule (CDR), and the circuit in figure 2 is known as a current divider. Notice that the larger current flows through the smaller resistance.

Lab – 2: DC circuit Analysis
Objectives:
· To verify ohms law.
· To practice the two (series and parallel) connection of resistors
· To prove the VDR, CDR, KVL & KCL.
Apparatus Used:
· 3 Fixed Resistors of different values
· 1 DC power supply
[image: C:\Users\user\Downloads\Pictures\Dc_Power_Supply__Switching_mode_.jpg]Figure 3: DC power source

· Connectors
· 1 Digital Multimeter (DMM)
[image: ]
Figure 4: Digital Multimeter

Procedures
i. Series Circuit
1. We first received three different resistors and placed them on a good surface.
2. Then by using a digital Multimeter (DMM) we measured their resistances.
3. Following the above we adjusted our DC power supply by using a DMM. We place the probes of the DMM on the output of the source and adjusted the supply until we got the reading we wanted which was 12 V.
4. Then we connected the three resistors in series as shown in figure 5.
5. Thereafter we calculated the total resistance, total current and individual voltage by using formulas and then we measured the total resistance, total current and individual resistance by using a DMM. To measure the total resistance of a circuit we can simply place the probes of the DMM at the lines where the power supply is connected.
6. Finally we used VDR (voltage divider rule) to find the individual voltages by using formulas.

ii. Parallel Circuit
1. In the beginning we adjusted the DC power supply to 12V.
2. Thereafter we connected the 3 resistors in parallel as shown in figure 6.
3. Then we calculated the total resistance, total current, and individual current by using formulas. After this we measured the total resistance, total current and individual current by using a DMM.
4. Then we applied CDR (current divider rule) and calculate the individual current by using formulas.


iii. Series – Parallel Circuit
1. Just like before we adjusted the power supply to 12 V.
2. We connected the two resistors in parallel first and the third in series with them as shown in figure 7.
3. Then we calculated the total resistance, total current, individual current and individual voltage by using formulas. Then we measured the above values by using a DMM.
4. Finally we used CDR to calculate the individual currents and VDR to calculated the individual voltages.
[bookmark: _GoBack]Result and Discussion
From the experiments we have done we have obtained the following measurements. The calculated values are obtained by using the formulas expressed for the corresponding concept in the Theoretical Background section of this report. 
[image: ]
Figure 5: Resistors in series
	
	R1
	R2
	R3

	Measured Value
	332 ()
	466 ()
	100 ()



	Resistors in Series

	
	RT()
	IT (mA)
	V1 (V)
	V2(V)
	V3(V)

	Calculated value
	898
	13.4
	4.436
	6.224
	1.34

	Measured value
	898
	13.3
	4.43
	6.23
	1.34


· Here by using VDR we obtained the individual voltages for the 3 resistors. And thus we proved that the summation of these voltages gives the total voltage (Vs).
Vs = V1 + V2 + V3		Vs = 4.436 + 6.224 + 1.34 = 12 V (true)
[image: ]
Figure 6: Resistors in parallel

	Resistors in Parallel

	
	RT()
	IT (mA)
	I1 (mA)
	I2 (mA)
	I3 (mA)

	Calculated value
	65.97
	182
	36
	25.7
	120

	Measured value
	66.3
	180.1
	36.3
	25.9
	121.5


· Here by using CDR we obtained the individual branch currents for the 3 resistors. And thus we proved that the summation of these currents gives the total current (IT).
IT = I1 + I2 + I3			IT = 36 + 25.7 + 120 = 181.7 mA 182 mA (true)
[image: ]
Figure 7: Resistors in series and parallel
	Resistors in Series and Parallel

	
	RT ()
	IT (mA)
	I1 (mA)
	I2 (mA)
	I3 (mA)
	V1 (V)
	V2(V)
	V3(V)

	Calculated value
	414.23
	29
	29
	5.1
	23.8
	9.63
	2.39
	2.39

	Measured value
	414
	29.3
	29.3
	5.2
	24
	9.61
	2.4
	2.4


· Here by using CDR and VDR we obtained the individual branch currents and voltages for the 3 resistors. And thus we proved that the summation of these currents and voltages gives the total current (IT) and the total voltage (Vs) respectively.
IT = I1= I2 + I3			IT = 5.1 + 23.8 = 28.9 mA29 mA (true)
Vs = V1 + (V2= V3)		Vs = 9.36 + 2.39 = 12.02 V 12 V(true)

Conclusions and Questions
1. In what type of connection is that the resistance value is higher (maximum)? How about the current? Which type of connection is better to have higher power?
· We found that the total resistance obtains its highest value in a series Circuit.
· On the other hand the current reaches its peak in a Parallel Circuit.
Power = (Current) x (Voltage)
Let P1 = the power for a series circuit			P2 = the power for a parallel circuit
P3 = the power for a series – parallel circuit
P1 = IV = (12) x (0.0134) = 0.161 W		P2 = (12) x (0.182) = 2.18 W
P3 = (12) x (0.029) = 0.35 W		
· From the above calculations we observed that a parallel circuit is where we can harvest a high power.

Photos of our Experiments
[image: F:\DCIM\Camera\IMG_20161118_144608.jpg]
Figure 8: Photo taken during experiment
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equivalent current source can be found by applying KCL fo fode a.
Ir+L=1+1

Ir=L-L+5h (2.18)

A circuit cannot contain two different currents, I; and Iy, in serics,
unless 1, = I; otherwise KCL will be violated.

Kirchhoff’s second law is based on the principle of conservation
of energy:

Kirchhoff's voltage law (KVL) states that the algebraic sum of all volt-
ages around a closed path (or loop) s zero.

Expressed mathematically, KVL states that

Som=0 .19

m=1

where M is the number of voltages in the loop (or the number of
branches in the loop) and v, is the mth voltage.

To illustrate KVL, consider the circuit in Fig. 2.19. The sign on
cach voltage is the polarity of the terminal encountered first as we
travel around the loop. We can start with any branch and go around
the loop cither clockwise or counterclockwise. Suppose we start with
the voltage source and go clockwise around the loop as shown; then

G Ir=hi-h+I
bo—
®)

Figure 2.18
Current sources in parallel: (a) original
circuit, (b) equivalent circuit.

KVL can be applied in two ways: by
taking either a clockwise or a counter-
clockwise trip around the loop. Either
‘way, the algebraic sum of voltages
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are in series, since the same current i flows in both of them. Applying
Ohm’s law to each of the resistors, we obtain

v =iR, v =iR, (224)

If we apply KVL to the loop (moving in the clockwise direction), we
have

Figure 2.29 “vtuv tv=0 (2.25)

A single-loop circuit with two resistors in .
Asing Combining Egs. (2.24) and (2.25), we get

v=u, +vy= iR +Ry) (2:26)

_ v
Ry + Ry

Notice that Eq. (2.26) can be written as
v = iRy @28)

i @27

implying that the two resistors can be replaced by an equivalent resis-

tor Reg; that is,

Rq=Ri+ R (229)
Thus, Fig. 2.29 can be replaced by the equivalent circuit in Fig. 2.30.
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(L] series is the sum of the indlvicual resistances.

i
L] Resistors in series behave as a single For N resistors in series then,
) resistor whose resistance is equal to
4 the sum of the resistances of the N
individual resistors. Reg=Ri+Ry+ -+ Ry= 3R, @30

To determine the voltage across each resistor in Fig. 2.29, we sub-
stitute Eq. (2.26) into Eq. (2.24) and obtain

R R

Rk R 231
R+R” TR YRC @3n

vy

Notice that the source voltage v is divided among the resistors in direct
proportion to their resistances; the larger the resistance, the larger the
voltage drop. This is called the principle of voltage division, and the
circuit in Fig. 2.29 is called a voltage divider. In general, if a voltage
divider has N resistors (R, Ry, ... , Ry) in series with the source volt-
age v, the nth resistor (R,) will have a voltage drop of

Ry

_—— 2.32
Rit Rt t Ry 232

Un

Rl
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(L] series is the sum of the indlvicual resistances.

i
L] Resistors in series behave as a single For N resistors in series then,
) resistor whose resistance is equal to
4 the sum of the resistances of the N
individual resistors. Reg=Ri+Ry+ -+ Ry= 3R, @30

To determine the voltage across each resistor in Fig. 2.29, we sub-
stitute Eq. (2.26) into Eq. (2.24) and obtain

R R

Rk R 231
R+R” TR YRC @3n

vy

Notice that the source voltage v is divided among the resistors in direct
proportion to their resistances; the larger the resistance, the larger the
voltage drop. This is called the principle of voltage division, and the
circuit in Fig. 2.29 is called a voltage divider. In general, if a voltage
divider has N resistors (R, Ry, ... , Ry) in series with the source volt-
hge v, the nth resistor (R,) will have a voltage drop of

Ry

_—— 2.32
Rit Rt t Ry 232

Un
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1172572016 | |




image7.png
T4 Alexander Fundamentals of Electric Circuits Sth-www.gate2017exam.com.pdf - Adobe Reader g

Fie Edt View Window Help

ABZEEL®@®[ s]ewm|@®[=]-]] 8 B|e | Tools Sign = Comment

9.6 Parallel Resistors and Current Division

2. 6. Parallel Resistors
and Current Division

Consider the circuit in Fig. 231, where two resistors are connected
in parallel and therefore have the same voltage across them. From
Ohm’s law,

v =ilR = iRy

Figure 2.31

Applying KCL at node a gives the total current i as Two resistors in parallel.

i=ii+i (234)
Substituting Eq. (2.33) into Eq. (2.34), we get

(235)
where Req is the equivalent resistance of the resistors in parallel:

(2:36)

359AM | |
1172572006 | |




image8.png
T4 Alexander Fundamentals of Electric Circuits Sth-www.gate2017exam.com.pdf - Adobe Reader —— — —

Fie Edt View Window Help

|51

[ @ @[ o] e | © @ [m%

Tools

Sign

SBZES
)
ll
@

®)

Figure 2.33
(a) A shorted circuit, (b) an open circuit.

+ et
Gs Gy

Given the total current i entering node a in Fig. 2.31, how do we
obtain current iy and i,? We know that the equivalent resistor has the
same voltage, or

iRiR,

VTR TR R

(242)

Combining Egs. (2.33) and (2.42) results in

Ryi ) Rii

[ L L 2.43)
Ri+R 2 R +R 243

i

which shows that the total current i is shared by the resistors in
inverse proportion to their resistances. This is known as the princi-
ple of current division, and the circuit in Fig. 2.31 is known as a
current divider. Notice that the larger current flows through the
smaller resistance.

As an extreme case, suppose one of the resistors in Fig. 2.31 is
zero, say Ry =0; that is, R, is a short circuit, as shown in
Fig. 2.33(a). From Eq. (243), R, = 0 implies that i, = 0, i, = i. This
means that the entire current i bypasses R, and flows through the
short circuit R, = 0, the path of least resistance. Thus when a circuit
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