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curriculum description form

Study the concept of electricity, electrical voltage, insulating materials, direct current, and
how to connect an electrical circuit

1 Educational institution Northern Technic_al University / Technical
Institute Adour
2 Scientific department/center Medical Instruments technologies
3 Curriculum name and code DC Electrical circuits (MDDI100)
4 Available attendance forms Mandatory
5 Semester/year First trimester (15 weeks)\ First Level.
6 Number of study hours (total) 4 hours per week (60 hours).
7 Date the description was prepared 3/2/2024
curriculum objectives The student’s ability to scientifically
8 connect electrical circuits in the laboratory
and identify errors
9 curriculum outcomes and teaching, learning and evaluation methods

A - Cognitive objectives

Study the concept of electricity, electrical voltage, insulating materials, direct current, and

A-l how to connect an electrical circuit

B - The program’s Marathi goals

The traditional method of giving a lecture
B-1 .Using modern technologies in some topics (smart board - data show and using devices)
Modern laboratory
Teaching and learning methods
((Theoretical lectures/practical lecturesy)

Evaluation methods
((Oral exams / written exams / semester and final exams))

C - emotional and value goals

The student’s ability to scientifically connect electrical circuits in the laboratory
Developing the student’s ability to identify errors in connecting electrical circuits

Teaching methods
((Theoretical lectures/practical lecturesy)
Evaluation methods
((Oral exams / written exams / semester and final exams))

D- General and qualifying transferred skills (other skills related to employability and
personal development)

D-1 Improving his physical fitness and increasing his ability to bear the muscular
and motor demands of work

C-1
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10. Curriculum structure
Wee hour Learning Unit/module or Teaching | Assessment
k S Outcomes topic title method Method
Electric units system-
Mathmatic applications-
definition of basic units of
voltage, current and
resistance-electric circuit
components- ohm's law-
Acknowledgme factors effecting on . .
d resistance- resistivity of | Practical+ Quizzes+
1 4 nt and Practical . .
lication conductors and |nsullators- Theoretical | Reports
app effect of temp. on resistance-
temp. Coeff. of
resistance- Examples
DC current circuits includes:
-Series connection of
resistances and examples
-Parallel connection of
resistances and examples
-Combined connection of
resistances and examples
Acknowledgme -Star z?md delta connect_ion ) )
2 4 nt and Practical of resistances, conversion Practlcal+_ Quizzes+
e between star and delta with Theoretical | Reports
application examples
Applications on series, Quizzes+
3 A ﬁczgg‘gﬁggg‘; parallel, Practical+
L combined and star- delta Theoretical | Reports
application connections
Acknowledgme KirCh%Erl;stérnghOﬁ Practical+ Quizzes
4 4 | ntand Practical voltage laws with Theoretical | Reports
application examples
. i +
Acknowledg_me Maxwell's law with examples | Practical+ Quizzes
5 4 ntand Practical Theoretical | Reports
application p
Acknowledgme Definition of Thevenin’s ) Quizzes+
6 4 nt and Practical theorem- How to apply in dc | Practical+
Lo current Theoretical | Reports
application




el A daalal)

Acknowledgment and Definition of Norton's theorem- | 5 - ol Quizzes+
7 agpr);liicctz:\%i%ln How to apply in dc current Theoretical | Reports
Acknowledgment and Examples on Thevinin's and | 5o tical+ Quizzes+
8 Practical Norton's theorems .
application Theoretical | Reports
Definition of Supper position
theorem- application of itin dc
Acknowledgment and current-examples- Max. power | ..o, Quizzes+
9 Practical application transfer theorem with Theoretical | Reports
examples
AC quantities- definition of AC
current characteristics —
Acknowledament and generation of AC current with . )
10 Practical agplication waveform drawing- RMS value- | Practical+ Quizzes+
Form Theoretical | Reports
factor — examples
Vector of AC quantities-
definition of it — Phasor
representation of its- phase
Acknowledgment and angle- resultant of vector AC . ;
. S + +
11 Practical application add., Subt., multiply, division Practical - Quizzes
with Theoretical | Reports
examples
Effect of AC current on only
resistance circuit-only
Acknowledgment and |ndl_Jcta_nce circuit- only capacitor ) )
12 Practical ag lication circuit- phase angle between | Practical+ Quizzes+
PP voltage and current with Theoretical | Reports
examples
Effect of AC current on resistance
and inductance in series circuit-
resistance and capacitor in series-
resistance and inductance and
Acknowledgment and capacitor in series- phase angle- . i
13 Practical application total impedance with examples | Practical+ Quizzes+
Theoretical | Reports
Effect of AC current on
resistance and inductance in
Acknowledgment and parallel circuit-resistance and | p.o ical+ Quizzes+
14 Practical application capacitor in series- resistance .
and Theoretical | Reports
inductance and
capacitor in series- phase
angle- total impedance with
examples
Using j-operator to find total
impedance- total admittance-
Acknowledgment and current, voltage and phase )
15 Practical application angle for impedances in series | Practical+ Quizzes+
pp and parallel with examples Theoretical | Reports
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Resistors and Ohm’s Law
(Electric Resistance) 4l <l 4 gliall -1

g S 8yl (B Raglia (e (OLEN Jlisa ) Jaa gl afiaay Loy Gl o Sy 8 s

Aad iy Jua gall (3 (AL esll Ll g e dlle) Lpala o Ll e (Resistance) 4astiall <o i
(Q) 3ol 350l SV Allall s (Ohm) asY) 5as 50 4 slaall

Jew A Aluagll Gl 3aa 5 Ols (G), (conductance) ddia sl 8 et da il Gslia
.S ,(siemens)

(50 IS e Tiale ) 2l S A8l sag 5l L o slaall 5 il
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Example 1:
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Find the resistance of an aluminum wire that has a length of 1000 m and a
diameter of 1.626 mm. The wire is at 20 C° with resistivity of 2.83*10-%Q.m

Solution:

A= xr?
d_16267107 4 813410% m
2 2
oo =2.83*%10"Q.m

1000

L g3%10° — =13.60
A 7(0.813%107)

SR=p

Example 2: A coil consists of 2000 turns of copper wire having a cross-sectional area
of 0.8mm?. The mean length per turn is 80cm and the resistivity of copper is 0.02u02 —
m. Find the resistance of the coil and power absorbed by the coil when connect across
110V d.c. supply.

Solution:
Length of the coil, [ = 0.8 X 2000 = 1600 m;
A=08mm?=08x10"°%m?

R=p £= 0.02 X 1076 x 1600>< 1076 =400
A 0.8
V2 1102
power absorbed = ? =10 = 3025 W

Example 3:
(a) A rectangular carbon block has dimensions 1.0 cm * 1.0 cm * 50 cm.

1. What is the resistance measured between the two square ends?
ii. Between two opposing rectangular faces / Resistivity of carbon at 20° C is
3.5*%10° Q. m.
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(b) A current of 5 A exists in a 10 () resistance for 4 minutes (i) how many coulombs

and (i1) how many electrons pass through any section of the reisitoor in this time?
Charge of the electron =1.6*10'° C.

Solution:
(@) (i) R=py
Here, A=1*1=1cm?’=10"*m? ; [=0.5 m

R =3.5*107*0.5/10%=0.175 Q

(ii) Here, I=1lcm ; A=1*50=50 cm?=5* 10> m?
R=3.5*%10°*10%/(5*103)=7 *10°Q

) (i) Q=1t=5*(4*60)=1200C

(ii) n=2=_12%__ 75,1020

e  1.6%10-19

(1) SheSU il 5ad o 48D ld Laalasil 5 Lelas )l 5 ) jall da jo o aaiad (i sall daglia o Layg
Gy Foe sl Aa il 3100 3l pall Ay (8 sl ) sy Bdad g2 (S5 (1) 2l B
A1) Aalad)

R = Ry(1 + aAT)

p = po(1+ aAT)
(sl e saaall s ) all da ) e da gl s dpe il 4asladll (p) 5 (R) O S
A sbed 551 adl Ao tie Fa i s due 3 Aastidi(py) 5 (R,)

LKO] S [CO] 43as 55 (T5-T7) ) adl da o (& Ll AT
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Example 4: A coil of copper wire has a resistance of 100Q2 when its temperature is 0

C°. Determine its resistance at 70 C° if the temperature coefficient of resistance of
copper at 0 C%is 0.0043/C°.

Solution:
R, = Ry(1 + a(xAT)
R, = 100(1 + 0.0043 = 70)
= 100(1 + 0.301) = 130.1Q

Example 5: A platinum coil has a resistance of 3.146 Q at 40° C and 3.767 Q at 100°C.
Find the resistance at 0°C .

Solution. R0 = Ry (1+100 o) (i)
R, = R,(1+400p) ..

'3.?6'}' -1+100 ol

3046~ T+d0e, O 7000379 or 1264 per’C

From (i), we have 3.767 = _RO (1 +100x 0.00379) .. RQ =2.732Q

Example 6: A potential difference of 250 V is applied to a field winding at 15°C and
the current i1s 5 A. what will be the mean temperature of the winding when current has
fallen to 3.91 A, applied voltage being constant.

Assume a5 = 1/254.5

Solution. Let R, = winding resistance at 15°C; R, = winding resistance at unknown mean tem-
perature ¢,°C.
y R, = 250/5=150€% R,=250/3.91 =63.94 Q

w = + o 1

N R, = R/ [l t, —t s 6394 = + -

° 2 [ 15 (l —1))] 63.9 50 [1 7545 (%, 15)]
t, = 86°C

Example 7: A coil of copper wire has resistance of 90 Q at 20° C and is connected to
a 230V supply. By how much the voltage will be increased in order to maintain the
current constant if the temperature of the coil rises to 60° C? Take the temperature
coefficient of resistance of copper as 0.00428 from 0°C.
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Solution. Asseen from Art. 1.10
R, _ 1+ 60x0.00428

R,  1+20x0.00428

Now, current at 20°C = 230/90=23/9 A
Since the wire resistance has become 104.2 Q at 60°C, the new voltage required for keeping the
current constant at its previous value = 104.2 X 23/9=2663V
increase in voltage required = 266.3 =230 =363 V

s =90 % 1.2568/1.0856 = 104.2 Q

03 G5 -2
a8 dpalall 38 aladiuly s Jom gall 3 L) 5 e (Band Al eI 3 yalall 8 da slial) ) Tl SO LS
e ading Las il (8 Ul 5 e o) el ax gy Al seSh il sall e laill (mny o1 ab ol allal
Qe & A8l o2a (o)) o lall p2a iy )5 Aa gl 8 ke gl (58 o g5 yilall 8 A i) dag

Lo mia (Sall g Sliles il 3 il i () 65 da liall A 50l 30 o () Apla
Vol
dgall g Hlall  das Hha dDe clilia 43

I_V
"R

D le pabgasl sl s Gl ¢l

adde ading Cua Gl 8l aa) (g 5a 5 Ae sliall e e dgall (38 e Lol ity 3 i 8 Ll L) o
Ab sl i sall s &

V =1IR

|4
P=VI=I°R=—
R

P=V1=VZG=§ A
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Voltage divider

A very common and useful resistor circuit goes by the nickname voltage divider. We will
work out how this circuit works, and we'll see where the nickname comes from.

—
RIS

R2 U it

The voltage divider is really quite simple, and you could analyze it from scratch every time

you come across one. But it is so common it is a good idea to prepare ahead of time so you
can pop out the answer on the spot.

Written by Willy McAllister.

Contents

« The voltage divider equation
o Resistor ratio
o Example
« Voltage divider practice problems
o Problem 1
o Problem 2
o Problem 3
o Problem 4 - design challenge



https://spinningnumbers.org/a/voltage-divider.html#the-voltage-divider-equation
https://spinningnumbers.org/a/voltage-divider.html#resistor-ratio
https://spinningnumbers.org/a/voltage-divider.html#example
https://spinningnumbers.org/a/voltage-divider.html#voltage-divider-practice-problems
https://spinningnumbers.org/a/voltage-divider.html#problem-1
https://spinningnumbers.org/a/voltage-divider.html#problem-2
https://spinningnumbers.org/a/voltage-divider.html#problem-3
https://spinningnumbers.org/a/voltage-divider.html#problem-4---design-challenge
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e What's in a nickname?

. Where we're headed

« A "voltage divider” is the pattern of two resistor in series, with an input voltage
applied to both ends and an output voltage measured across one of the resistors.
« The output voltage is a function of the input voltage and the ratio of resistor values,

Star Delta Control Circuit:

The star delta transformation is another technique useful in solving complex networks.
Basically, any three circuit elements, i.e. resistive, inductive or capacitive, may be connected in
two different ways. One way of connecting these elements is called the star connection, or the
Y connection. The other way of connecting these elements is called the delta (A) connection.
The circuit is said to be in Star Delta Control Circuit, if three elements are connected as shown
in Fig. 3.1(a), when it appears like a star (Y). Similarly, the circuit is said to be in delta

connection, if three elements are connected as shown in Fig. 3.1(b), when it appears like a
delta (A).

-
Ry
e
B/ SVAVAY C
Ra
@ 1y



https://spinningnumbers.org/a/voltage-divider.html#whats-in-a-nickname
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The above two circuits are equal if their respective resistances from the terminals AB, BC and
CA are equal. Consider the Star Delta Control Circuit in Fig. 3.1(a); the resistance from the
terminals AB, BC and CA respectively are

» RARB +RBRC+R¢RA
R

_ RyRy+ RyR; + ReR,
Rs

_ RyRy + Ry R+ RoR,

. R

R

Ry

Ry

From the above results, we can say that a star connected circuit can be transformed into a
delta connected circuit and vice-versa.

> Ry

I-'-l-g. 3.2

From Fig. 3.2 and the above results, we can conclude that any resistance of the delta circuit is equal
to the sum of the products of all possible pairs of star resistances divided by the opposite resistance of
the star circuit. Similarly, any resistance of the star circuit is equal to the product of two

adjacent resistances in the delta connected circuit divided by the sum of all resistances in delta
connected circuit.

FacebookPinterestTumblrLinkedInBufferDiigoLiveJournalMe WeMySpaceSiteJot


https://www.eeeguide.com/star-delta-transformation/
http://www.circuitstoday.com/
https://www.eeeguide.com/#facebook
https://www.eeeguide.com/#facebook
https://www.eeeguide.com/#tumblr
https://www.eeeguide.com/#tumblr
https://www.eeeguide.com/#buffer
https://www.eeeguide.com/#buffer
https://www.eeeguide.com/#livejournal
https://www.eeeguide.com/#livejournal
https://www.eeeguide.com/#myspace
https://www.eeeguide.com/#myspace
https://www.eeeguide.com/#twitter
https://www.eeeguide.com/#twitter
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Simplify resistor networks

;10 10 20)

) 120 40 100 80

-
e

Here is the example circuit we will work through together

Step-by-step solution to the example

The original question asked about the current from the voltage source. So the “location in question” is near the
voltage source on the far left end of the circuit. Therefore, we start the simplification process way over on the far
right, and work our way back toward the source.

Simplifying a circuit is a process of many small steps. Consider a small chunk of circuit, simplify, and then move
to the next chunk. Tip: Redraw the schematic after every step so you don’t miss an opportunity to simplify.

Step 1. The shaded resistors, 2 Q2\,\Omega2Q and 8 Q28\,\Omega8(2, are in series

19 19 20
— AN

V<+) 120 40 100 80




Hlla) Ayl daalal)
The two resistors can be replaced by their equivalent resistance

10 10
M\

V 1242 4 10Q 1092

Step 2. We now find two $10\,\Omegas$ resistors in parallel at the new far right of the circuit.

10 10
—o AN — W

V<+> 120 4Q 109 109

These two resistors can be replaced by their parallel combination.

The resulting equivalent resistor is: S\Omegas.

show answer

$10\,\Omega \parallel 10\,\Omega = \dfrac{10\cdot 10}{10 + 10}=5\,\Omega$S

The $\parallel$ notation means "in parallel with".

Again, looking into the shaded box from the left, the current and voltage with the equivalent $5\,\Omega$
resistor is still indistinguishable from the entire original.
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10 10
— AN AN A
v 129§ §4ﬂ §5ﬂ

Step 3. Can you see a pattern emerging? We are working through the schematic from right to left, simplifying and
redrawing as we go. Next up we find two series resistors, 1 Q1\,\OmegalQ and 5 Q5\,\Omegas5Q.

10 10

These series resistors can be replaced by an equivalent resistance of: Q\OmegaQ.

show answer
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11
—o A

v mgm 60

Step 4. This step is a bit more challenging. We have three resistors in parallel.

12
o AAA

VCj 129§4Q§69§

>

o

These three resistors can be replaced by their parallel combination.

The resulting equivalent resistoris:  Q\OmegaQ).

hint

Because we have three resistors in parallel, use the full parallel resistor equation,

IRparallel=1R1+1R2+1R3\dfrac{1} {\text R {\text{parallel}}} =\dfrac{1} {\text{R1}} +\dfrac{1} {\text{R2}} +
\dfrac{1} {\text{R3}}Rparallell=R11+R21+R31

show answer

IRparallel=(112 Q+14 Q+16 Q)=(112+312+212)=12\dfrac{1} {\text R_{\text{parallel}}} = \left
(\dfrac{1} {12\,\Omega} +\dfrac{1} {4\,\Omega} + \dfrac{1} {6\,\Omega}\right ) =\left (\dfrac{1} {12}
Hdfrac{3} {12} + \dfrac{2} {12} \right )= \dfrac{1} {2} Rparallel1=(12Q1+4Q1+6Q1)=(121+123+122)=21

So the equivalent resistance is the reciprocal of 12\dfrac{1} {2}21, or 2 Q2\,\Omega2Q.
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Step 5. We are down to the last two series resistors,

You can do this one in your head

v(®) 30

We are left with a single $3\,\Omegas resistor. As far as the voltage source can tell, this one resistor is equivalent to the
entire




i _
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Q1-Find the resistance of an aluminum wire that has a length of 1000 m and a diameter of
1.626 mm. The wire is at 20 C? with resistivity of 2.83*10-8Q.m ?

Q2-A platinum coil has a resistance of 3.146 Q at 400 C and 3.767 Q at 1000C. Find the
resistance at 0 °C ?

Q3- Find the equivalent resistance A—Y and Y — A transformation ?

{ay bl
Fig. 3.1

Q4- A rectangular carbon block has dimensions 1.0 cm * 1.0 cm * 50 cm.
i-What is the resistance measured between the two square ends?

ii- Between two opposing rectangular faces / Resistivity of carbon at 20°C is 3.5%10-5 Q.m.
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QS- Simplifying resistor networks of the circuit?

19 19

W\

V 12Q & 4Q 109 109

OF

Q6-A coil consists of 2000 turns of copper wire having a cross-sectional area of 0.8mm?.
The mean length per turn is 80cm and the resistivity of copper is 0.02pQ-m. Find the
resistance of the coil and power absorbed by the coil when connect across 110V d.c.
supply?

Q7-Simplifying resistor networks of the circuit?

| R
e

P10 1Q

W\

V 12Q & 40 10Q 8Q2
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Q8-A coil of copper wire has a resistance of 100Q when its temperature is 0 C°. Determine

its resistance at 70 C? if the temperature coefficient of resistance of copper at 0 C° is
0.0043/C°.

Q9-Find the equivalent resistance A—Y and Y — A transformation ?

R

{ay b

Q10- A potential difference of 250 V is applied to a field winding at 150C and the current is
5 A. what will be the mean temperature of the winding when current has fallen to 3.91 A,
applied voltage being constant.

Assume o,_
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Thévenin's Theorem
Thévenin's theorem is named after Léon Charles Thévenin. It states that:

Any single port linear network can be reduced to a simple voltage source, Eth, in series with
an internal impedance Zth.Any single port linear network can be reduced to a simple voltage
source, Eth, in series with an internal impedance Zth.

It is important to note that a Thévenin equivalent is valid only at a particular frequency. If the system frequency is

changed, the reactance and impedance values will change and the resulting EthEth and ZthZth values will be
altered. Consequently, these equivalents are generally not appropriate for a circuit using multiple sources with

differing frequencies!. A generic example of a Thévenin equivalent is shown in Figure 5.4.15.4.1.

Zth
Eth e
Figure 5.4.15.4.1: Generic Thévenin equivalent circuit.

The phrase “single port network™ means that the original circuit is cut in such a way that only two connections
exist to the remainder of the circuit. That remainder may be a single component or a large multi-component sub-

circuit. EthEth is the open circuit voltage at the port and ZthZth is the impedance looking back into the port (i.e.,
the equivalent that now drives the remainder). As there are many ways to cut a typical circuit, there are many

possible Thévenin equivalents. Consider the circuit shown in Figure 5.4.25.4.2.

a R1

E+"" mlcj R2
© =

- Figure 5.4.25.4.2: Circuit under consideration for a Thévenin equivalent.

Suppose we want to find the Thévenin equivalent that drives R2R2. We cut the circuit immediately to the left

of R2R2. That is, The first step is to make the cut, removing the remainder of the circuit. In this case the
remainder is just R2ZR2. We then determine the open circuit output voltage at the cut points (i.e., at the open port).
This voltage is called the Thévenin voltage, EthEth. This is shown in Figure 5.4.35.4.3. In a circuit such as this,
basic series-parallel analysis techniques may be used to find EthEth. In this circuit, due to the open, no current
flows through the inductor, LL, and thus no voltage is developed across it. Therefore, EthEth must equal the
voltage developed across the capacitor, CC.




Eth

= Figure 5.4.35.4.3: EmEth,the open circuit output voltage.

The second part is finding the Thévenin impedance, ZthZth. Beginning with the “cut” circuit, replace all sources
with their ideal internal impedance (thus shorting voltage sources and opening current sources). From the
perspective of the cut point, look back into the circuit and simplify to determine its equivalent impedance. This is

shown in Figure 5.4.45.4.4. Looking in from where the cut was made (right side), we see
that R1R1 and XcXC are in parallel, and this combination is then in series with XLXL. Thus, ZthZth is equal
to jXL+(R1||-jXc);XL+(R1||-XC).

= Figure 5.4.45.4.4: Finding ZnZth.

As noted earlier, the original circuit could be cut in a number of different ways. We might, for example, want to
determine the Thévenin equivalent that drives CC in the original circuit of Figure 5.4.25.4.2. The new port
location appears in Figure 5.4.55.4.5.

E R2

= Figure 5.4.55.4.5: An alternate port location.

Clearly, this will result in different values for both EthEth and ZthZth. For example, ZthZth is
now R1||(Rz2+jXL)R1||(R2+jXL).

A common error is to find ZthZth from the wrong perspective, namely, finding the impedance that the source
drives. This is flatly incorrect. Remember, ZthZth is found by looking into the port and simplifying whatever is

seen from there. One way to remember this is that it is possible to create equivalents for multi-source circuits. In
that instance, there isn't a single driving source, so finding its load impedance is nonsensical.

Measuring the Thévenin Equivalent in the Laboratory
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In a laboratory situation, the Thévenin equivalent can be found quickly and efficiently with the proper tools. First,
the circuit is “cut”, leaving just the portion to be Thévenized. The voltage at the cut points is measured with an

oscilloscope. This is EthEth. All of the sources are then replaced with their internal impedance, ideally shorting
voltage sources and opening current sources?. An LCR impedance meter can then be connected to the port to

read ZthZth. If an impedance meter is not available, then the source(s) are left in place and an LCR substitution
box is placed at the cut points. The box is adjusted so that the voltage across it is equal to half of EthEth. By the

voltage divider rule, the value of the substitution box must be equal to ZthZth. In this case, the substitution box
will yield either an inductance or capacitance value which can then be turned into a reactance given the frequency.

Example 5.4.15.4.1

For the circuit of Figure 5.4.65.4.6, determine the Thévenin equivalent that drives the 300 QQ resistor and
find vcve. Assume the source angle is 0-Qo.

Figure 5.4.65.4.6: Circuit for Example 5.4.15.4.1.

First, let's find EthEth, the open circuit output voltage. We cut the circuit so that the 300 QQ resistor is removed.
Then we determine the voltage at the cut points. This circuit is shown in Figure 5.4.75.4.7.

a 100 p j50 ¢

Figure 5.4.75.4.7: Circuit for finding EthEth for Example 5.4.15.4.1.

There is no current flowing through the inductor due to the open. Therefore, the voltage across the inductor is
zero. Consequently, EthEth is the voltage across the capacitor, and that can be found with a voltage divider.

Eth=EXcXc+R1Eth=EXCXC+R1
Eth=1020-V-j200Q-j200Q+100QEth=10200V—j200Q-j200Q+100Q
Eth=8.944,-26.6V or 8-j4VEth=8.9442-26.60V or 8—j4V
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To find ZthZth, we replace the source with a short and then look back in from the cut points. The equivalent

circuit is shown in Figure 5.4.85.4.8. The inductor is in series with the parallel combination of the resistor and
capacitor.

a 100 p j50 ¢

I “+— Zth

-j 200

.

Figure 5.4.85.4.8: Circuit for finding ZthZth for Example 5.4.15.4.1.
Zlef2=RxjXcR-jXcZleft2=RxjXCR—XC

Z1eft2=1000x(-j2000Q)1000Q-j200QZ1eft2=100Q2x(—j200Q2)100Q—j200Q
Z1eft2=89.44 £ -26.6.0Z1eft2=89.44,-26.60Q
Zth=Zlefe2+X1Zth=Zleft2+XL
Zth=89.44£-26.6-Q0+j5002th=89.44,-26.60Q+j50Q
Zth=80.6227.12-Q0r80+j1002th=80.6227.122Q0r80+j10Q

The completed equivalent is shown in Figure 5.4.95.4.9.
80 j10

+

8-j4Vp

L

The voltage across the 300 QQ resistor can be found directly:

Figure 5.4.95.4.9: Completed equivalent for Example 5.4.15.4.1.

VR2=EthR2Zth+R2vR2=EthR2Zth+R2
vR2=8-j4V300080+j10Q+300vR2=8—j4V300Q80+j10Q+300Q2
VR2=7.062£-28.1.-VVR2=7.062—-28.1-V

This value can be verified by following a standard series-parallel simplification. For example, the impedance of
the three rightmost components (181.44-53.97-0)(181.42-53.970Q) forms a voltage divider with the
100 QQ resistor and the 10 volt source. This leads

to vbvb (7.156£-18.610(7.1562-18.610 volts ). A second divider can then be used

between vbvb, the inductor and the 300 QQ resistor to find vcve, which
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is 7.06£-28.1-7.062.—28.10 volts as expected. The big advantage of using the Thévenin equivalent is that we
can easily find vcvc for any other value of load because we need only analyze the simpler equivalent circuit rather
than the original.

Thévenin's theorem can also be used on multi-source circuits. The technique for finding ZthZth does not change,
however, finding EthEth is a little more involved, as illustrated in the next example.

Example 5.4.25.4.2

Find vbvb for the circuit of Figure 5.4.105.4.10 using Thévenin's theorem.

50 mH 750 nF
|

a b
- Y, &
I
+ +
10 sin2pi1000t 2k 2 sin2pi1000t

This circuit is similar to the one used in Example 5.3.2 (Figure 5.3.5). The difference here is that the second
source uses the same frequency as the first source. The reactance values are:

Figure 5.4.105.4.10: Circuit for Example 5.4.25.4.2.

X1=j314.2QXL=i314.2Q
Xc=-j212.2QXC=-j212.2Q

The voltage across the 2 k)Q is vbvb, so we'll treat that resistor as the load in order to define the equivalent
circuit. This is redrawn in Figure 5.4.115.4.11.

50 mH 750 nF
|
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for Figure 5.4.105.4.10.

—s

Figure 5.4.115.4.11: Circuit for finding equivalents

To find ZthZth, we short the two sources. We're left with the inductor and capacitor in parallel. If this is
confusing, remember that we are looking from node bb to ground (the cut points), so they are not in series. That

is, if a sensing current entered at node bb, it could split left and right, indicating parallel paths, not a series
connection.

Zth=-jXcxjXL-jXc+jXLZth=—)XCxjXL—jXCHXL
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Zth=—j212.20xj314.20-j212.20+j314.2QZth=—i212.20%j314.20-212.20+{314.2Q
Zth=—j653.7QZth=—j653.7Q

We have a few options to find EthEth. Superposition could be used, each circuit requiring a voltage divider.

Alternately, the equivalent is basically a series loop as far as finding vbvb is concerned. Thus, we could find the
voltage across the inductor and subtract that from the left source (assuming a reference current direction of
clockwise). Finding the inductor voltage requires either a voltage divider or finding the current. Neither approach
is considerably less work than the other, and it's probably a good idea to get in a little more practice using
superposition, so...

Considering the left source, we short the right source and find vbvb.

vbR=E1XcXc+XLVbR=E1XCXC+XL
vbR=102£0:V-j212.20-j212.20+j314.2QvbR=10£00V—j212.2Q-j212.2Q+j314.2Q
vbR=20.842180-V or -20.8420.VvbR=20.84,1800V or —20.84 200V

For the right source, we short the left source and find vbvb. Then we add the two contributions to find the final
voltage. Note that both sources will produce a reference polarity of + to — from top to bottom.

vbL=E2XcXc+XLVbL=E2XCXC+XL
vbL=2200Vj314.20-j212.20+j314.2QvbL=2,00Vj314.2Q-j212.2Q+j314.2Q
vbL=6.1620-VvbL=6.16200V

The sum of the two is —20.84£00+6.16£0-—20.84£00+6.16£00, or 14.682180-14.6821800 volts. The
Thévenin equivalent is a source of 14.682180014.6821800 volts in series with an impedance
of -j653.70-j653.7Q.

To find the voltage across the 2 kQ.Q resistor, we apply it to the equivalent circuit and solve.

vb=EthRR+Zthvb=EthRR+Zth
vb=14.682180-V2kOQ2kQ+(-j653.70)vb=14.6821800V2kQ2kQ+(—j653.7Q)
vb=13.952-161.9-Vvh=13.952-161.90V

Computer Simulation

To verify the results of the preceding example, the circuit of Figure 5.4.105.4.10 is captured in a
simulator, as shown in Figure 5.4.125.4.12.
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Figure 5.4.125.4.12: The circuit of Figure 5.4.105.4.10 captured in a simulator.

Next, a transient analysis is run, plotting the voltage at node 2, which corresponds to vbvb in the
original circuit. The result is shown in Figure 5.4.135.4.13. The plot is delayed by 0.1 seconds in order
to get past the initial turn-on transient




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)




el A daalal)







	Voltage divider
	Contents
	 Where we’re headed
	Star Delta Control Circuit:

	Simplify resistor networks
	Step-by-step solution to the example
	Thévenin's Theorem
	Measuring the Thévenin Equivalent in the Laboratory
	Computer Simulation


