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The morning session (also known as the A.M. session) has 120 multiple-choice questions, each with four possible
answers lettered (A) to (D). Responses must be recorded with a number 2 pencil on specia answer sheets. No credit
is given for answers recorded in ink.

Each problem in the morning session is worth one point. The total score possible in the morning is 120 points.
Guessing is valid; no points are subtracted for incorrect answers.

Morning FE Exam Subjects Afternoon FE Exam Subjects
(General Exam)
subject number of questions
subject number of questions
chemistry 11
computers 7 chemistry 5
dynamics 9 computers 3
electrical circuits 12 dynamics 5
engineering economics 5 electrical circuits 6
ethics 5 engineering economics 3
fluid mechanics 8 ethics 3
material science and structure of matter 8 fluid mechanics 4
mathematics 24 material science and structure of matter 3
mechanics of materials 8 mathematics 12
statics 12 mechanics of materials 4
thermodynamics 11 statics 6
thermodynamics 6

There are six different versions of the afternoon session (also known as the P.M. session), five of which correspond
to a specific engineering discipline: chemical, civil, electrical, industrial, and mechanical engineering.

Each version of the afternoon session consists of 60 questions. All questions are mandatory. Questions in each
subject may be grouped into related problem sets contai ning between two and ten questions each.

The sixth version of the afternoon examination is a general examination suitable for anyone, but in particular, for
engineers whose specialties are not one of the other five disciplines. Though the subjects in the genera afternoon
examination correspond to the morning subjects, the questions are more complex — hence their double weighting.

Questions on the afternoon examination are intended to cover concepts learned in the last two years of a four-year
degree program. Unlike morning questions, these questions may deal with more than one basic concept per question.

The numbers of questions for each subject in the general afternoon session examination are given in the above table

The numbers of questions for each subject in the, discipline-specific afternoon session examination are listed on the
following pages. The discipline specific afternoon examinations cover substantially different bodies of knowledge
than the morning examination. Formulas and tables of data needed to solve questions in these examinations will be
included in either the NCEES FE Reference Handbook or in the body of the question statement itself.

Each afternoon question consists of a problem statement followed by multiple-choice questions. Four answer
choices lettered (A) through (D) are given, from which you must choose the best answer.

e Each question in the afternoon is worth two points, making the total possible score 120 points.
e  The scores from the morning and afternoon sessions are added together to determine your total score. No points
are subtracted for guessing or incorrect answers. Both sessions are given equal weight
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CHEMICAL ENGINEERING
subject number of questions
chemical reaction engineering

chemical thermodynamics

computer and numerical methods

heat transfer

mass transfer

materia/energy balances

pollution prevention (waste minimization)
process control

process design and economics evaluation
process equipment design

process safety

transport phenomenon
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INDUSTRIAL ENGINEERING
subject  number of questions
computer computations and modeling
design of industrial experiments
engineering economics

engineering statistics

facility design and location

industrial cost analysis

industrial ergonomics

industrial management

information system design

manufacturing processes

manufacturing systems design

meaterial handling system design
mathematical optimization and modeling
production planning and scheduling
productivity measurement and management
gueuing theory and modeling

simulation

statistical quality control

total quality management

work performance and methods
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ELECTRICAL ENGINEERING
subject  number of questions
analog electronic circuits
communications theory

computer and numerical methods
computer hardware engineering
computer software engineering

control systems theory and analysis
digital systems

electromagnetic theory and applications
instrumentation

network analysis

power systems

signal processing

solid state electronics and drives

DWWO WO WWWOoO O™

CIVIL ENGINEERING
subject number of questions
computers and numerical methods
construction management
environmental engineering

hydraulics and hydrologic systems

legal and professional aspects

s0il mechanics and foundations
structural analysis (frames, trusses, etc.)
structura design (concrete, steel, etc.)
surveying

transportation facilities

water purification and treatment

DO WO O WO

MECHANICAL ENGINEERING

subject number of questions

automatic controls 3
computer (numerical methods, automation, etc.) 3
dynamic systems (vibrations, kinematics, etc.) 6
energy conversion and power plants 3
fans, pumps, and compressors 3
fluid mechanics 6
heat transfer 6
materia behavior/processing 3
measurement and instrumentation 6
mechanical design 6
refrigeration and HVAC 3
stress analysis 6
thermodynamics 6

Morning:
computers 7
dectrica circuits 12

total of 19/120, about 10%

General Afternoon:

computers 3
electrica circuits 6
total of 9/60, again about 10%
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| did a count of the various sample exams and came up with the following topical distribution.

Morning general examination:
Laplace transform
power triangle
impedance diagram (phasors)
transients
electromagnetic fields
DC circuits
computers

NRRNR R

Afternoon general examination:
transients
computers

=W

Afternoon, EE specific examination:
op-amps
transistors (BJT & FET)
control
communications
E&M
Digital filters
Solid State
Phasors
Three-phase power
digital (mostly counters)
differential equations
computer

PR WOWNNWWNNWEADS
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Current may be defined by a derivative, i.e. the rate at which charge is moved:
. _dq
==

dt
or inthe form of an integral asthetotal charge moved:

q:f I(t) dt

0
wherei isin units of coulombs/second , or amperes.

Voltage

Voltage is ameasure of the work required to move a unit charge through an electric field (usually
inside an electrical circuit element such as aresistor). It requires one joule of energy to move one
coloumb of charge through a potential difference of one valt.

w=1]vdg

wherew isinjoules, visin voltsand dq isin coulombs.

Resisitivity and Resistance

The resistance of ordinary wire can be calculated provided one knows the resistivity of the wire as

R=?
where | isthe length of thewireand A isits cross-sectional area. Theresistivity p isa property of

the material and a function of temperature as given by

p = po(l + ocAt)

where pg = 1.7241x10-6 Q-cm2/cm at 20°C, o=0.00382/°C for hard-drawn copper of the type
most commonly used for electrical wiring, and AT isthe temperature difference between the
temperature of the desired resistance and that at which pg is specified, in this case AT=Tgpecified-
20°C.

Be careful of the unitsof p. Very commonly p isgivenin units of Q-cmil/foot. This requires that

A begivenin circular mils, i.e. the area of a0.001 inch diameter circle. Theformulafor
converting between actua diameter and circular milsis:

2
_ dinch&s
Acmils - (0001)

The equivalent value of N seriesresistorsis:
R R N

The equivalent value of N parallel resistorsis:

_1_
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For the important case of two resistorsin paralld:

RiR;
Ry + R»

Equivaent resistance for acomplex network:

W

§4Q

W

4Q

W

5Q

10Q § § 20

Wy
4Q

W

s

Looks likethree resistorsin series:
Req:5£2+1Q+9Q:15Q

W)

3Q

—

;4{2

Wy

10Q2 § § 15Q

W)

20

Looksliketwo resistorsin parallé:

Req =

(10(15)
(10) + (15)

=6Q
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\f——h
i

Looks like threeresistorsin series
Reg=4+6+2=12Q

W

Looks liketwo resistorsin paralld:

- (412 _
" @)+ (1) T

!
]

4Q

2Q

=12Q

§3§2

Looks like three resistorsin series:
Reg= 3+ 3 +4=10Q
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Conductivity and conductance
Ohm's Law can also be written in terms of conductance whichissimply /R, i.e. v=i/G where G

isin mhos, the unit of conductance.

G
Ohm's L aw
Electrical resistance
| V=iR |
where R isin units of ohms.
N
+ -
i
R
Energy sources
independent ideal voltage source: independent ideal current source:
+ | +
= O 4 ¢
independent real voltage source: independent real current source:
+
Vg |
- ORELE
Rint

Perfect voltage and current sources have the following characteristics:
A perfect (ideal) voltage source has Rjn=0.
A perfect (ideal) current source has Rjpt=co.

Voltage Sources in Series and Parallel
Voltage sources that are in series (even if there are intervening resistances) can be agebraicaly

combined into a single equivalent resistance.

_4_
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Voltage and Current dividers
Current division between two resistorsin parallel:
[

ng Rzé%v - Req§ v
iﬂ i iZ* ;_/ -

Sincetheresistorsarein parallel they MUST have the same voltage across them
RiR2

Thisis known as a current divider.

V oltage division between two resistors in series (see the figure below).
Astheresistors arein seriesthey MUST have the same current thru them.

Req = R1+Ry
Using Ohm's Law
=V =-_ VvV
Rg RitRo
Knowing the current through each resistor we can apply Ohm's Law again to get
v - R

Vo = iR2=

Vv

Ry + R» 2_R1+R2

Thisresult is known as a voltage divider.

3

ng
& il -

R2 %"2 — Req§ %
_;_/
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Power
Power may aso be defined, using our previous relationships, as
p=vi.
The unit of power isjoules/second, or watts. 746 watts = 1 horsepower isavery common
conversion.

Decibels
Decibels are units used to express power ratios

db = 10 10gso (2]
1
or voltage and current ratios
: Ve
db = 20 logso (Vl

db = 20 logsg (:2)
1

Kirchoff’'s Laws

Kirchoff's current Law: the algebraic sum of all currents entering or leaving anodeis zero.
Mathematicaly,
N
Y ij=0
j=1

For asimple example: i3-i1-i2-14=0 where we used the negative sign to indicate current leaving the
node. IMPORTANT: It does not matter whether you use the positive or negative sign to indicate
current leaving the node ASLONG ASYOU ARE CONSISTENT.

P,

/

Kirchoff's voltage law states that the algebraic sum of the voltages around any closed pathin a
circuit is zero, i.e.

N
2. v=0
j=1

_6_
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Simple Series Circuit
Determine the voltage drop across the resistors and the power delivered by the batteries.

30Q 30 volts

i+ -+ -
— I||

|I
+

120 volts . 15Q

Note that the sign of the voltages drops agrees with our previously defined convention.
Summing the voltages around the circuit in a clockwise direction:
-120 + 30i +30 +15i =0
45i =90
i =2amps
The voltage drop across the 30€2 resistor is.
V3o = IR = (2)(30) = 60 volts
vis50 = IR =(2)(15) = 30 volts
The power supplied by the batteriesis:
P12oov = Vi = (120)(2) = 240 watts
P3ov = vi = (30)(2) = 60 watts
The power dissipated by the resistorsis:
P30q = 12R = (2)2(30) = 120 watts
P150 = i2R = (2)2(15) = 60 watts
where we used the following formulato calcul ate the power:

P= ':'ZRzﬁ
VI =1 R

Note that the batteries use alot of power just canceling each other out.

Superposition

Superposition can be used to determine node voltages but is usually more complex than the loop
current method discussed in the next section. To solve a problem by superposition we consider
only one voltage or current source at atime (all the other voltage sources are replaced by shorts, dll
the other current sources are replaced by open circuits) and sum up the resulting voltages or
currents. Superposition works because electrical sources are linear.

_7_
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Example:
Find the voltage v across the 4Q resistor by superposition.

(i) (i)
In circuit (i), the total resistance seen by the sourceis5 + 4/|6 =5 + 2.4 = 7.4Q. The total
current is then i=4volts/7.4Q=0.54 ampere. This current goes through the 5Q resistor and,
then, splits with 0.54(6/(4+6)) = 0.324 amperes going through the 4Q resistor. The
voltage drop v1 isthen vi1= iR = (0.324 amperes)(4Q)= 1.3 volts.

In circuit (ii), the total resistance seen by the sourceis4 + 5||6 =4 + 2.73 = 6.73Q. The
total current isi=6volty/6.73Q=0.892 ampere. This current goes through the 4Q resistor
directly below the source. The voltage drop v2 across the 4Q resistor isthen vo= iR =
(0.892 amperes)(4Q2)= 3.57 volts.

Since the currents going through the 4Q resistor are in the same direction they add giving,
for the original circuit, v=v1 + vy =1.3+ 3.57 = 4.87 volts.

Norton's Theorem

Norton's Theorem (formal definition)

Given any linear circuit, rearrange it in the form of two networks 1 and 2 that are connected
together by two zero resistance conductors. Define a current i as the short-circuit current which
would appear at theterminals A and A' of network 1 if network 2 were replaced by a short circuit.
Then, al the currents and voltages in network 2 will remain unchanged if network 1 iskilled (all
independent voltage sources and current sourcesin network 1 are replaced by short circuits and
open circuits, respectively) and an independent current source i iS connected, with proper
polarity, in parallel with the equivalent resistance of the dead (inactive) network 1.

_8_
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Example:
Find the Norton equivalent circuit of Network 1 shown below.

2kQ 3kQ

W——W—

)

NETWORK 1 K NETWORK 2

Replace network 2 by a short-circuit and superimpose the 4 volt and the 2 ma sources to

find igc.

2kQ 3KQ A 2kQ 3kQ A
* +
4vo|ts<> iil O} 2mA liz

A A

The current i1 = 4 volts/5kQ = 0.8mA. The current i isfound using the current divider

relationship.

o 2kQ _ 2\ _

i, = 2mA (M) = 2mA (5) = 0.8 mA

Both currents are in the same direction so ig: = i1 +i2 = 0.8mA + 0.8mA = 1.6mA.
Shorting out the voltage sources and opening the current sourcesyields:

_9_
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Shorting out the voltage sources and The terminal resistance Rt= 2kQ + 3kQ = 5kQ
opening the current sourcesyields: Thefinal Norton equivalent circuit is then:
A

2k 3kQ A O
—— +

1.6mA C) § Sk § :

)’

which is certainly easier to analyze than the origina
circuit with multiple sources.

Thevenin's Theorem

Thevenin's Theorem (formal definition):

Given any linear circuit, rearrangeit in the form of two networks 1 and 2 that are connected
together by two zero resistance conductorsat A and A'. Define a voltage v as the open-circuit
voltage which would appear between the terminals A and A’ if network 2 were disconnected so
that no current is drawn from network 1. Then, al the currents and voltages in network 2 will
remain unchanged if network 1 iskilled (i.e., all independent voltage sources and current sources
in network 1 are replaced by short circuits and open circuits, respectively) and an independent
voltage source Vqc is connected, with proper polarity, in series with the equivalent resistance of the
dead (inactive) network 1.

Example:
Find the Thevenin equivalent circuit of Network 1 shown below.
2kQ
3kQ A
+
4volts 2 mA § 1kQ
A
NETWORK 1 NETWORK 2
_10_
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Disconnect network 2 at AA" and calculate the open circuit voltage from network 1.

3kQ
2kQ A
+
v
4volts Q) 2mA ocC
o)
A'

No current flows through the 3kQ resistor. Use superposition to find voe. From the voltage
source only, v1 = 4 volts. From the current source only vo= (2kQ)(2mA) = 4 volts. The
voltages are of the same polarity so voe = 4 + 4 = 8 volts. The equivalent resistance is
found by replacing the 4 volt source by a short and the 2mA current source by an open and
computing the resultant Thevenin resistance Rt = 2kQ + 3 kQ = 5kQ. The Thevenin
equivalent circuit to connect at AA' in place of network 1 isthen:

5kQ

1kQ
8 volts

A
Equivalence of Norton and Thevenin Equivaent Circuits
If you know the Norton equivalent circuit, the Thevenin equivalent circuit is directly computable
from Ohm's Law. This observation also works the other way.

O O
A' A
Norton equivalent circuit Thevenin equivalent circuit

Note that Rt isthe same in both circuits and V1=INRT.

_11_
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Perfect voltage and current sources have the following characteristics:
A perfect (ideal) voltage source has Rt=0.
A perfect (ideal) current source has R=c.
For a perfect (ideal) source,
if V1=0 then the source is replaced by a short, Rt=0.
if In=0 then the source is replaced by an open, Ry=c-.

Loop Current Method
Example:
Find the voltage v across the 4Q resistor by the loop current method.

§ 2 6 volt
+

+

+
4 volts v§4§2

—

To find v in thiscircuit we assume current directions for the chosen loops and write
Kirchoff's voltage law for each loop as shown below:

=7
+

1
6
4 volt
Writing the loop equations:
loopl: 6i1 + 5i1 - Bip + 4volts =0
loop2: -4volts + 5i» - 5i1 -6volts + 4i> =0
Simplifying,
loopl: 11iq - 5i» = -4volts
loop2: - 5i1 + 9i2 = +10volts

which can be solved to give

2 =+1.216 amperes and i1 = 0.19 amperes.
The voltage v across the 4Q resistor is then
V =i2(4Q) = (1.216)(4) = 4.864 volts

_12_
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Node Voltage Method

Example:
Find the voltage v across the 4Q resistor by the node vol tage method.

i2+ -
§5Q 6v§

Tofind v in this circuit we assume that the node B is ground (0 volts). Typicaly, the
ground is associated with the negative side of a voltage source or other voltage reference.

In this case, ground is the negative side of the voltage drop v. The only other node in the
circuit isA and we will define the voltage at A to be V a. Using the node voltage method we
apply Kirchoff's current law to node A.

AtA:ip+io2+i3=0

where

Va=i1(69), or L
6

Va = io(5Q)+ 4volts of Va4

i2
V= |3(4Q) - 6VO|tS, or is= Va+6
Substituting these results into Kirchoff's current law and solving for V a:
Va Va4 [ Vat6 _ 0

6 5 4
Va=-1.135 volts.

Then, i3 = (-1.135+6)/4 =1.216 amperes and v = i3(4Q2) = (1.216 amperes)(4 Q2) = 4.864
volts.

Notice that all three examples give the same answer. Y ou may judge whether oneis particularly
easier or faster than the others.

_13_
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CIRCUITS 1
The equivalent resistance Ry 30 20

isclosest to a— AT W

() 2ohms

b) 4 oh
Ec)) 6 ghnn;l: §4Q §89 §129 §1GQ
(d) 8 ohms
(e) 10 ohms

R
ab

Solution:
Req for the 8Q, 12Q and 16Q resistorsin parallel is
= % =
Req 1,1.,1 3.68Q2
8 12 16
and
4x(2+3.68)

v =3+235=5,
4+(2+3.68) 3+ 2.35=5.35Q

Rap =3 +4]|(2+3.68) =3 +
The correct answer is ().

CIRCUITS 4
The power supplied by the 40 ZQ
10 volt sourceis ,\M

(a) 12 watts

(b) O watts +
(c) -12 watts —

(d) 16 watts 10V_— ©§ O 20V
(e) -16 watts -T- 50 —_

Solution:
Call the clockwise loop currentsiq and i2 as shown in the drawing above. Use KCL to obtain two
equations in two unknowns
6i1 - 2i2 =10
-2i1 +4i,=-20
Multiplying the first equation by two gives
12i1 - 4i2 =20
and adding the last two equati ons we get the solution that 11=0.
P10 volt source = |1(10 volts) =
The correct answer is (b).

_14_
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CIRCUITS 5

Thevoltage Vy is closest to v v

(a) O volts {\ o

(b) 3.6 volts A

(c) -1.2 valts 3Q

(d) 7.2 volts R
(e) -7.2 volts A ' §29 §49 — v
Solution:

Cdll the voltage drop (from top to bottom) across the 2Q resistor V1. Using KCL to sum the
currents at the node pointed to by V1 in the above drawing gives the following expression
ﬂ + Vil -6 =-3

2 3
Note that we used the + sign for currents coming out of the node. Solving for Vy gives V:

Vy=V;-6=-7.2volts
or V1=-1.2 volts. The correct answer is (€).

Alternatively, this problem could have been solved by superposition

+ Vl - + V2 )
<\ <VW\
Il 3Q | 2 3Q

3A §29 §49 + §ZQ §4g : 6V

Since the 4Q2 resistor is shorted out by the 6 volt source in the circuit on the left we can solve for
the loop current as

ilzzfs(sA):l.zA
The voltage across the 3Q resistor isthen

Vi=- (%A)(SQ) =- %A
Examing the right hand circuit we can solve for the current io as
i2 - 67V - @A
5Q 5
The voltage across the 3Q resistor is then given by

Vo=-(8A)3a=-18 volts
Vy isthen the sum of the voltages across the 3Q2 resistor, i.e.
Vy=Vi+V,=-18 1836 - _75yoits

_15_
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CIRCUITS 2

The voltage Vy is closest to AN

(a) 16 volts 60

(b) 8 valts +
(c) 3.55 volts oA

(d) 6.42 volts 49§ 80 § Vy
(e) 4.65 volts

Solution:
Using current division the current through the 8Q resistor is
igo=2x 4 =8 Amps

4+ (6+8) 18
The voltage across the 8Q2 resistor is then given by Ohm’'sLaw as
=i = 8 = 64 =
Vy =ligg x 8Q 18,X 8 18 3.55 Volts
The correct answer is (C).

CIRCUITS 10

The Thevenin equivalent at W\' I\/V\,_a

terminasa-bis closest to 40 3Q
(a) V1=5.33 volts, RT=5Q 1
(b) V1=1.84 volts, RT=4.33Q gy — 20 §
(c) V1=1.84 volts, RT=5Q -

(d) V1=5.33 volts, RT=4.33Q
(e) V1=2.67 volts, RT=4.33Q

Solution:
VT isthe open-circuit voltage from terminals a-b. The open circuit voltage at a-b is given by the
voltage divider relationship

Note that the 3CQ2 resistor does enter this relationship since no current flows through it if terminals
ab areopen. Ry isthe equivalent resistance with al the sources replaced by their equivaent

impedances. For avoltage sourcethisis zero, a short, placing the 4Q and 2Q resistorsin parallel
and their resultant in series with the 3Q resistor to give

2x4 8
Rr=3+ =3+9=4
T=3 > 3 6 33Q

The correct answer is (€).
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CIRCUITS 11
The Thevenin equivalent at AR
terminalsabisclosest to
(@ VT=10 volts, RT=1.5Q
(b) VT=12 volts, R=1.0 Q
() V=12 volts, RT=1.5Q
(d) VT=10 volts, RT=1.0 Q
(e) VT=0voalts, RT=1.0 Q

Solution:
Since thisisamore complex circuit than the previous example we must find V1 indirectly by first
finding the voltage V2 a node 2. Using KCL at node 2 gives the relationship for Vo as

ﬁ+\/72-8-2:0

where currents leaving the node are positive. Note that V»-8 is the voltage across the resistor
between nodes 1 and 2 since the voltage at node 1 must be 8 volts. Solving for Vo, V2=6 volts.
Using KVL across the 2Q output resistor and the 4V voltage source we can get the voltage V gy as
Vap=Vo+4=6+4=10Volts.

Ry isrelatively easy to determine. Replacing all of the sources by their equivaent impedances, the
voltage sources are replaced by shorts and the current source is replaced by an open. The 4Q
resistor is shorted out by the 8V voltage source leaving only two 2Q resistorsin paralel. Rris

2% 2
< _10

Rr=212= 57272 The correct answer is(d).
VT could also be determined by superposition; however, there will be three componentsto VT due
to the fact that three sources are present. These contributions are shown below:

From the 8 volt source From the 4 volt source
1 2 1 2
W . AMN—H ||
2Q 20
I 4V
8v_— 4Q§ ZQ§ 4Q§ 29§
b b
Vap=+4 volts V ao= +4 volts

Redrawing the origina circuit to explicitly
show the 2Q resistorsin parallel asaresult From the 2A source

of the shorting out of the 4Q resistor by the 2A
8V voltage source.
2A 1 2
a
VVYV a 40 § 20 §
2Q
2Q §

Vap=2A x 1Q = +2 volts

b

Theresulting V g is then the sum of all the voltage contributions, i.e.
V ap=4+4+2 = 10 volts as before.
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CIRCUITS 12 ThisistheWheatstone Bridge circuit and often appears on the exam.
The Norton equivaent at
terminals ab is closest to 40 20 — °
(@) In=0.2 amps, Rny=4 Q
(b) INS02amps, RN Q o, — N §RN
() In=-0.5 amps, Ry=4 Q —

(d) In=0.5 amps, RN=5 Q 6Q
(e) IN=-0.5 amps, Ry=2 Q

Solution:

The Norton current | is defined as the current between terminals aand b when terminalsaand b

are shorted together. The resulting circuit looks like a series combination of 4€Q2||2Q2 and 6€2||8C2.
IT

e
40 i 20
N iN
1oy — @ \ : b
6 i2 8Q

Thetotal current I supplied by the 10 volt sourceis then
IT = 10volts — 10volts — 2. 1Amps

80+ 48
2 86 Sord8o

4+2
Using the current divider relationship the current i1 through the 4Q resistor and the current io
through the 62 resistor can be calculated as
i1 = 2.1 Amps x 142 = 0.7 Amps
and
i = 2.1 Amps X % = 1.2 Amps
The Norton current |y can then be found by applying KCL to node a
iN=11-15=0.7 Amps- 1.2 Amps= -0.5 Amps
Rn isrelatively easy to determine. Replacing the voltage source by a short we are now facing the
circuit shown below with a4Q||6Q2 combination in series with the 2Q||8Q2 combination.

4Q 20

6Q 80

The resulting resstance isthen

RN=4_>i6+8>:2=4.OQ

The correct answer is(C).
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In could asobe determined by finding the Thevenin equivalent and converting it to a Norton
equivaent. The 4Q and 6Q resistors form avoltage divider at termina a. The voltage at terminal a
isthen

Va= 4% (10 volts) = 6 volts

The voltage at terminal b can be found in asimilar manner

Vp = % (10 volts) = 8 valts

The Thevenin voltage is the voltage difference between aand b.
V1=V,a-Vp=6-8=-2volts _ . .
The Thevenin resistance Rt is found by shorting the voltage source and computing the resistance

between terminas aand b as shown below
a

40 2Q

4Q Q

60 80 2Q Q

b

4x6 2x8
= +_——=24+16=4.
RT4628 24+ 16=4.0Q

+ +

Note that Rr=Ry and that V1 and I satisify Ohm's Law
— V1 _-2volts -

Iy= 2T ==2VOIIS = 05 Am

N Ry 20 0.5 Amps

Problem 47-3 A 240 volt motor requiring 2000 watts is located 1 km from a power source.
What minimum copper wire diameter isto be used if the power lossisto be kept less than 5%?

- A

2000 watts

resistance of motor
240 volts  wires

Severa assumptions are used in this problem: (1) the voltage at the line input is 240 volts, not at
the motor; (2) that the 2000 watts are required by the motor, not at the input.

The power loss due to the resistorsis 0.05x2000=100 watts. The total power consumed by the
circuit isthen P = VI = (240 volts) | = 2100 watts

Solving for | gives1=8.75 amps. We can now use this current to find the wire resistance.

P = I°R = (8.757R = 100 walts or R=1.306Q. Remember that thisisthe total resistance of the

wire. Calculating the wire resistance using the total wire distance of 2km we can solve for the
diameter of the wire.

6 Q-in? ft 1IN
ol ol 0.6788x10° —=— 2km><3281k—><12E)
R=_= = In m = 1.306Q
A aBf n(5f -
2 2 or D=0.228 inches
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CIRCUITS 13
When solving for ix using

superposition, the |
contribution due to the 6V |

sourceis ‘ 6V iT

(a) -0.24 amps 2A<> § 50 i § 4Q 10V
(b) 0.24 amps X —_

(c) 0 amps

(d) 0.72 amps
(e) -0.72 amps

Solution:

To find the contribution from the 6V source, we replace the 2 amp source by an open circuit and
the 10 volt source by a short. Redrawing the circuit to show the 6V source circuit alittle more
clearly

2Q
.I.

Thetota current i dueto the 6V sourceisgiven as

=z 6volts _  6volts _18_g7o
'SErape2 4, 25 Of2ames
B+~ +2

The fraction of this current flowing through the 4Q resistor is given by a current divider
=" f 4 (0.72:amps) = -0.24 amps

Note the use of the minus sign since | defined i to be in the opposite direction to ix.
The correct answer is ().

Problem 47-15 Three cascaded amplifier stages have amplifications of 100 db, 25db and 9db.
Wheat isthe overall amplification?

Vin

V1 Vo Vou

100 db 25db 9db

The gain relationships can be written as

100 db = 20Iog( ) 2010g V1 - 20l0g Vi,
|n

25db=20|og()= 2010g Vs - 20logV;
1

Vout

9db= 20|og( )— 20109 Vey - 2010g Vs
and can be comb| ned by adding the right and left hand sides of the above expressions
134db = 20|og( Out) 20 l0g Vo - 20 10g Vin

|n
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