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1. Disclaimer & Copyright

This program is for your private use only and is provided "as is".

This software is not sold, only the right for using it is granted. Using this software is
only allowed on the calculator the software has been licensed for.

This program has been tested but may contain errors. I'm making no warranty of any
kind with regard to this software, including, but not limited to, the implied warranties
of merchantability and fitness for a particular purpose. | shall not be liable for any
errors or for incidental or consequential damages in connection with the furnishing,
performance, or use of this software. Suggestions, criticism and/or improvement
suggestions can be send to the author at Software49g@gmx.de. All rights reserved.
© Andreas Moller 2013

2. Credits

Thanks to ACO for the HP 49G, Wolfgang Rautenberg for OT49, Eduardo M.
Kalinowski for “Programming in System RPL”, Mika Heiskanen for BZ and various
post from different authors in comp.sys.hp48. Without them this program couldn’t
been written.



3. System Requirements & Installation
3.1. System Requirements

Library 1666: Electrical Engineering has been coded and compiled with Debug4x and
is written in System RPL. It is designed for the HP 49G+ and HP 50G.

Electrical Engineering requires TreeBrowser and GUISLV/GUIMES is recommended
as the default solver for it.

If you are not familiar about TreeBrowser and GUISLV/GUIMES then please read the
documentations that comes with it.

3.2. Installation & Deinstallation

Use the installation program EEI on the SD card to install / update / modify / delete
the Electrical Engineering library.

Insert the SD card into the turned off calculator and then power up the
calculator. Now start the installation program EEI from the SD card.

-> in RPN mode key in :3:EEI [ENTER] [EVAL]

-> in ALG mode key in EVAL(:3:EEI) [ENTER]

The installation program will guide you through the installation process.



4. Using the library

4.1. Starting Electrical Engineering

Electrical Engineering can be started in two different ways.

Through the key

EEEH 7.File Handdaer R

=—|#.Hatrix writer —_—

Tr |5 Text editer

B: |i0.Hath Henu..

51 |11.CAZ Henu..

41 [12.Equation Library..

= 12 . DeuglopHent lib

o 14 EQUATION LIEEREY..

1: LELECTEICHL ENGINEE

| | | [cancL] oK |

or through the library menu via(_™> ) __LB .

EAD HYZ HEW E= 'H' R L5755 EAD HYZ HEW E= 'H' R 55533
THOME: THOME:
i i

= =

W H 5

g i

= =

%: %:
EnaLilEenLIlGuIsL{ELact] :o: | :d: ELECT] | | |  |EEwar]
4.2. Choosing a set of equations of a subtopic

Move the cursor to a subtopic and then press to open a choose box to select
the equations which will be passed to the Multiple Equation Solver.

S ELECTRICAL ENGINEERING #s
Rerizting Carcuaits
Feriztance and Conductance

eHperature T
MaxiHUH FoHer Trdnsfer

Y and I Zource Equivalence
Capacitance and Elactrac Figlds
Inductance and MaangtizH
Elactron Mation

Heters and Eridge Circuits

FEL and EC Carcuat=z

+ERFR|UARZSl FICT | ST ®] HALT

BEEE Choose Equations For WES S
~ RE=pP=Lan-A
« GE@ERs Len

=1-k

| [#CHEL  JCANCLL oK



4.3. Choosing all equations of a subtopic

Move the cursor to a subtopic and then press to start the Multiple Equation

Solver with all equations of that subtopic.

CE ELECTRICAL ENGINEERING 5k
Resiztiug Carcuaits

Capacitance and Electric Figlds
Foint Charge

Longd Charged Line

Charaed Dazk

Euruifcf ﬂirqﬁ

Codxaal Cablg

spheare

Inductance and Haangtisd
Electron Hation

+ERFR|VARERFICTa] ST & HALT [HE0LY

s Farg Llg L F Lgtgs i

E=Vrd' 'C=COMST..

Eq 1

E: Er: [
A:E@_cm™2 e:E_C
F:E@_H d: E_m
H:E@_. VN
C:E_F

Electric Field

EDIT [VAREm|FICTe] 21 a] HALT [HZ0LY

CE ELECTRICAL ENGINEERING 5k
Resiztiug Carcuaits

Capacitance and Electric Figlds
Foint Charge

'.EEE Starting

E Soluver..,

Codxaal Cablg

spheare

Inductance and Haangtisd
Electron Hation

+ERFR|UARZRFICTal ST u HALT [H=

4.4, Choosing a single equation of a subtopic

Move the cursor to the equation of a subtopic and then press

S ELECTRICAL ENGINEERING #s
Feriztiug Circuits
Fhesistance and Conductance
HOhH' 2 LaH and FoHer

VW=I=FK

F=i=I

- -
F=i"d=n

kE=1-0
rTeHperature EFFect
FHaX1iHUH Fouer TransFer

| E¢n |vAREe| FICT [ =T mf HALT [0
2 F=I"3a=F
q: I2*R'

[
H_H
H_L]

m | MmO

FaM2r

EDIT [VARSm| FICT | I s HALT =0

S5 ELECTRICAL ENGINEERTING $55s
Fazaztaug Cifcusits
LthE@=astance and Conpductance
'ﬂﬂ!'ﬂ Lad and FaMHer

p=| Start ing
gl Soluer..

F=i"d=n

kE=1-0
rTeHperature EFFect
FHaX1iHUH Fouer TransFer

L ECh JUARZal FICT | ST m] HALT [50




5. Using Equations

Note that there might be more than one mathematical correct solution.
Therefore, it is the users responsibility to ensure, that the found solution(s)
match reality — and if not repeat the solution process with different
guesses for the solver routine. If necessary, consult your calculator
manual about the root finding algorithm implemented into the calculator.

5.1. Resistive Circuits

PSS FLECTRICAL ENGINEERING 3550
st iuve J1Fcult:
SS1Stance and onduc:
Obm'=s Law and Fower
Temperature Effect
Maximum Fower Transtfe
W oand I Source Equiuva
Capacitance and Electr
Inductance and Magnet i

-EXFA| YAR= | FICT | =1 =] HALT | HELF
51.1. Resistance and Conductance

Example:
A copper wire 1500_m long has a resistivity of 6.5_Ohm*cm and a cross sectional
area of 0.45_cm”2. Compute its resistance and conductance.

Solution:

Upon examining the problem, two choices are noted.

Equations 1, 2 and 4 or equations 1 and 3 can be used to solve the problem.
The second choice was made here.

CE ELECTRICAL ENGINEERING 5k BEEE Choose Equations For WES S
Fi-!ﬂ:.ﬂt:.l.lilz:.l'l:u:.tﬂ o Fi=l:'='=|.lZI'|-"I:I q *
fance and Londuct oA L
T=1-p

T=1-p
FOhH's Lad and FoMer
TeHperature EFFect
tMAXaHUH Foder TrdansFar
Noand I Source Equaiudglencs
Capacitance and Electric Field=s
-EXFA]YAREm|FICTe] =T m| HALT [HE0LY (| |+CHE]  CANCL] 0K |
s ELECTRICAL ENGINEERING SHE B Rezistance and Conductance S5
F:'Eﬂ Ttiug Carcluit=s

. |]r|| :. o dUCT o Eq. { ! H=_F'-I- 1 E'I'I-'"'Fl ! ! G= 1 (1]

i _ G, S_¥cm

= Startlng EN 1588, _m
= Soluer.., Eﬂ 45 _cm™2
rTeHperature EFFect
tMaxiHUH Foder TransFer |=; A_0
Noand I Source Equaiudglencs
Capacitance and Electric Field=s Conductance
-EXFA|YAREm|FICTe] =T =] HALT [H= EDIT |VARE [VIEW]| [ ALL [H:




Soluwing for R S Resizstance and Conductance S5

RB: 2166666, BEEET_L] E: L 'R=pxlensA' 'G=1..
Zeto EE. S_D%cm

E 15688, _m

.45 _cm™2

4, 6152845 1530E-7 _5

fr 21 66666 . BEEEY_L)

Canductancs?

EDIT [ UARS [VIEM] | ALL [Hz0LY EDIT [ UARS [VIEM] | ALL [Hz0LY

Press (7OOL ) to view all calculated results.

MALUs| Eens [FEINTL | | EHIT|



5.1.2. Ohm’s Law and Power

Example:

A 4.7_kQ load carries a current of 275_mA. Calculate the voltage across the load,

power dissipated and load conductance.

Solution:

Upon examining the problem, several choices are noted. Either equations 1, 2 and 6
or2,3and5o0r2,3and6 or 1, 2 and 5 or all the equations.

The last choice was made here.

S ELECTRICAL ENGINEERING #s
Rerizting Carcuaits
FResiztance and Conductance

rTeHperature EFFect
FHaX1iHUH Fouer TransFer

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

e OhH'F Lad and FoHer o
Eq: L 'M=IxR' 'P=\xI' .,
25 _mA
F:E_|d
MY
E4. "EEEEE_ )

n:

Conductance
EOIT | WAk [UIEM] | ALL |

S ELECTRICAL ENGINEERING #s
Rerizting Carcuaits
FResiztance and Conductance

Starting
Soluear,.,

kE=1-0
rTeHperature EFFect
FHaX1iHUH Fouer TransFer

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

SR OhH' s LaW and Foder SRS
Eq: L 'W=IxR' 'P=M=xI' .,
25 _mA

Fo 255, 437088 _

Yo ] 292, SEaEaEaE_Y

@E4. FEEEEE_ )
]|

Canductancs?

10



5.1.3. Temperature Effect

Example:

A 145 Ohmresistor at 75_F reads 152.4 Ohm at 125 _°C. Find the temperature

coefficient of the resistance.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.

CE ELECTRICAL ENGINEERING 5k
Reziztiug Carcuaits

Fesiztance and Conductance

OhH'Z Lad and FoHer

Tenperature EFFect

Huxiuuu Fﬁuer ;runﬁger

Voand I Source Equanalency
Capacitance and Electric Figlds
Inductance and Haanetizd

Electron Motion
MHeterz and Bridas Circuits

L ECh JUARZal FICT | ST m] HALT [50

2 RAsRdx (1+0m (T2-T122 & 5
: 'R2=R1%{1+x*TDELTH..
F:E 152. 48888 _L)

Fi: 145_10
Wl _ 1k
T2: 125_°CC
TL: 7S_"F

TeHperature colFFiciant

EDIT [ VARS |VIEM] | INF0 =0

#9555 ELECTRICAL ENGINEERING 3250555
FE@eartaug Carcyast=
FE@za=tance and Conductancs
?hH'E Lad and FoHer
2H .
vl St art ing
Eug Saluver,,
Capacitance and Elgctric Figlds
Inductance and WaanetizH
Elgectron Hotaion
Heterz and Eraidae Circuits

L ECh JUARZal FICT | ST m] HALT [50

ERA=Rdx (d+am (TA-T100 SEEEES
: 'R2=R1%{1+x*TDELTH..
F:E 152. 48888 _L)

F:i 145 ﬂ

Tas 125 oC
T:75_OF

TeHperature codfFiciant

EDIT [ VARS |VIEM] | INF0 =0
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5.1.4. Maximum DC Power Transfer

Example:

A 12 _V car battery has a resistive load of 0.52_Ohm. The battery has a source
impedance of 0.078_Ohm. Find the maximum power deliverable from this battery and

the power delivered to this resistive load.

Solution:

Upon examining the problem, equation 1, 2, 3 and 4 are needed to compute the

solution for this problem.

S ELECTRICAL ENGINEERING #s
Feriztiug Circuits

Fhesistance and Conductance
HIhH'= LaH and FoHer

rTeHperature EFFect

= -~ =+
Il=N=z-(E=x+E L]
F=IL=W1
FHax=N="2- (Y=F=)
F LH=R=
W and I foeurce Equiuvdglance

-ERFR|UARER(FICTa] ST & HALT [HE0LY

EEEEE Maxinud FoMer TransFer S
Eq: L 'V1=V=xRl-(Es+ElL.
AEHE. S2688_5 F:E_1

IL:HE_H v E_ Y

Fra: : [T O 12

ERE. A7 268 1)

MaxiHUH poHEr ih Load

EDIT [ UARS JVIEM] [ ALL |

Press (70OL ) to view all calculated results.

NMALUs| Eens [FEINTL | | ERIT

BEEE Choose Equations For WES S
" WIi=NzxE L (R=+F L)
+~ IL=N=z-(R=+F L)

« F=I =N
< FHAX=YE" 37 (Yx=RE)
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5.1.5. V and | Source Equivalence

Example:

Find the short circuit current equivalent for a 5_V source with a 12.5_Ohm source

resistance.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.2.

5.2.6.

Example:

Capacitance and Electric Fields

SEE ELECTRICAL ENGINEERING S8

'EI:III'IE Ei E-EII"'EIE'

rfLong Charged Line
rCharged Disk

rFarallel Flates
rFarallel Wires
rCoaxial Cable

-Sphere

-EXFA]l VARS [ FICT| 51 m] HALT | HELF |

Point Charge

A point charge of 14.5E-14_coulomb is located 2.4_m away from an instrument
measuring electric field and absolute potential. The permittivity of air is 1.08.
Compute the electric field and potential.

Solution:

Upon examining the problem, both equations are needed to solve this problem.
Note that €0, the permittivity of free space does not appear as one of the variables
that needs to be entered. It is entered automatically by the software, as it is a built in
constant. However, ¢r, the relative permittivity must be entered as a known value.
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5.2.7. Long Charged Line

Example:

An aluminum wire suspended in air carries a charge density of 2.75E-15_coulombs/m.
Find the electric field 50 _cm away. Assume the relative permittivity of air to be 1.04.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.2.8. Charged Disk

Example:

A charged disc 5.5_cm in radius produces an electric field of .2_V/cm at a distance of
50_cm away from the surface of the disc. Assuming that relative permittivity of air is
1.04, what is the charge density on the surface of the disc?

Solution:

Upon examining the problem, select the first equation to solve for the unknown

variable.
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5.2.9. Parallel Plates

Example:

A silicon dioxide insulator forms the insulator for the gate of a MOS transistor.
Calculate the charge, electric field and mechanical force on the plates ofa 5V MOS
capacitor with an area of 1250 _pu”2 and a thickness of .15 . Use a value of 3.9 for

permittivity of SiO2.

Solution:

Upon examining the problem, all of the equations are needed to compute the solution

to this problem.
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Press (70OL ) to view all calculated results.

1.d4288E-12_C
Z@. 3246 _mH
3. 5ArRE-12_.

=T

VALUs| Eens fFREINTL | |E

#9555 ELECTRICAL ENGINEERING 3250555
FE@rartaug Carcyast=

Capdcitance and Electric Figld=
-Eﬁint Charae

FLON .
chal St art ing

Soluear,.,

CEEQ=Er=A~d
g=C=y
F==1-g=y"adxi g
H=1-3=i"3=C

-ERFR|UARZaFICTa] ST u] HALT [H:

EFargllal Flgtgs s

Eq: L 'E=Mod' 'C= I:I:IHET...
Er 333333353, B 3. 9806
01256, 884, ¢ 1.43338E-..,
Fr—@. G246 .., 0@, 1353868 _p
We 3. 39VEAE-., 3V

I—II : :I_Il_ll:'E [11]

CApacitancs

EDIT [ UARS [VIEM] | ALL [Hz0LY

17



5.2.10. Parallel Wires

Example:

Compute the capacitance per unit length of a set of power lines 1_cm radius and
1.5 _m apart. The dielectric medium separating the wires is air with a relative

permittivity of 1.04.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.2.11. Coaxial Cable

Example:

A coaxial cable with an inner cable radius of 0.3_cm and an outer conductor with an
inside radius of 0.5_cm has a mica filled insulator with a permittivity of 2.1.

If the inner conductor carries a linear charge of 3.67E-15_coulombs/m, find the
electric field at the outer edge of the inner conductor and potential between the two
conductors. Compute the capacitance per m of the cable.

Solution:

Upon examining the problem, all of the equations are needed to compute the solution

to this problem.
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Press (7OOL ) to view all calculated results.
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5.2.12.  Sphere

Example:

Two concentric spheres 2_cm and 2.5_cm radius, are separated with a dielectric with
a relative permittivity of 1.25. The inner sphere has a charge of 1.45E-14 _coulombs.
Find the potential difference between the two spherical plates of the capacitor as well
as the capacitance.

Solution:
Upon examining the problem, equations 1 and 3 are needed to compute a solution.
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5.3. Inductors and Magnetism

SR ELECTRICAL ENGINEERING SR
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rLoop

rCoaxial Cable
-Skin Effect
Electron Motion
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FLong Line

-ERFA| VAR [FICT | 5T m| HALT [ HELF

5.3.1. Long Line

Example:

An overhead transmission line carries a current of 1200_A at 10_m away from the
surface of the earth. Find the magnetic field at the surface of the earth.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.3.2. Long Strip

Example:

A strip transmission line 2_cm wide carries a current of 16025_A/m. Find the
magnetic field values 1_m away and 2_m from the surface of the strip.

Solution:

Upon examining the problem, both equations need to be used to compute the

solution.

CE ELECTRICAL ENGINEERING 5k
Resiztiug Carcuaits

Capacitance and Elgctiic Fields
Inductance and Haanetizd

Land Ling
EE:-:-%H;E-' Laxint = CATANE (i +d- 20y
Ey=p0=I=~ (Y=al=LnC iy =3+ (x+d-2h

Farallel Mires
Ladp

Cogdxaqgl Cakleg
ZKkain EFFect

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

B 1 5025 . BaEaEaE _H-m

FEZ _m
BH1l_m
EEZ_cm

Maanetic Fiald, x axis

EDIT [ UARS [VIEM] | ALL [Hz0LY

CE ELECTRICAL ENGINEERING 5k
Resiztiug Carcuaits
Capacitance and Elgctiic Fields
IEductunce and HaanetizH

o

E Starting
x

Saluver,, ‘31 -
it

4
Farallel Mires
Ladp
Cogdxaqgl Cakleg
ZKkain EFFect

-ERFR|UARZSl FICT | 51 m HALT [H=

i Long Strdip

FOZ2_m
E1l_m
EDZ_cm

Maanetic Fiald, x axis

EDIT [ URRS IVIEM] | ALL WS

22



5.3.3. Parallel Wires

Example:

A pair of aluminum wires 1.5 _cm in diameter are separated by 1_m and carry
currents of 1200_A and 1600_A in opposite directions. Find the force of attraction,
the magnetic field generated midway between the wires and the inductance per unit

length resulting from their proximity.

Solution:

Upon examining the problem, equations 1 and 2 and 3 are needed to compute a

solution.

S ELECTRICAL ENGINEERTIMNG Ssss
Fazaztaug Cifcusits

Capacitance and Electric Fields
Inductance and Maanatizd

fLong Ling
ttra

FH HﬂHIiﬂIEfiEH1RDJ
Exzpld=a=n1=(I1-x-I3-(0h-x)11
LL=uﬂ#iHHnJ+Hﬂ#anEﬂ$HiD#iEquJ
[l

-ERFR|UARZSl FICT | 51 m] HALT [H=

s Farallal Wires g

FW=CONST ¢ B £11 0

-1= i

Fu: A_H-"m Ex:E@_T

E 1206, 38,, E-160H. H..,
B SE_cm L:

E1_m EE 1. SHEEEA,,

Inductance par unit Landth

EDIT [ URRS [VIEM] | ALL [Hz0LY

Press (70OL ) to view all calculated results.
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5.3.4. Loop

Example:

Calculate the torque and inductance for a rectangular loop of width 7_m and length
5 m, carrying a current of 50_A, separated by a distance of 2_m from a wire of
infinite length carrying a current of 30_A. The loop angle of incidence is 5 degrees
relative to the parallel plane intersecting the infinite wire.

Solution:

Upon examining the problem, the last two equations are needed.
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Press (7OOL ) to view all calculated results.
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5.3.5. Coaxial Cable

Example:

A coaxial cable has an inner conductor radius of 3_mm and the outer conductor
radius of 0.15_in. Find its inductance per meter.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.3.6. Skin Effect

Example:

Find the effect on depth of signal penetration for a 100 MHz signal in copper with a
resistivity of 6.5E-6 _Ohm*cm. The relative permeability of copper is 1.02.

Solution:

Upon examining the problem, both equations need to be used to compute the

solution.
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5.4. Inductors and Magnetism

FPhotoemis=ion

FL and RFC Circults
ELC Circuits
AC Circuit=

Thermionlic Emi=s=sion
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Meters and Bridge Circ
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54.1. Electron Beam Deflection

Example:

An electron beam in a CRT is subjected an accelerating voltage of 1250 V. The
screen target is 40 _cm away from the center of the deflection section. The plate
separation is 0.75_cm and the horizontal path length through the deflection region is
0.35 cm. The deflection region is controlled by a 100_V voltage. A magnetic field of
0.456_T puts the electrons in the beam in a circular orbit. What is the vertical
deflection distance of the beam when it reaches the CRT screen?

Solution:

Upon examining the problem, the first three equations are needed to solve this

problem.
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5.4.2. Thermionic Emission

Example:

A cathode consists of a cesium coated tungsten with a surface area of 2.45_cm”2. It
is heated to 1200_K in a power vacuum tube. If the Richardson's constant is
120_A/(m"2*K"2) and the work function is 1.22_V, find the current available from

such the cathode.

Solution:

Since there is only one equation in this topic, there is no need to make a choice of

equations.
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5.4.3. Photoemission

Example:

A red light beam with a frequency of 1.4E14 Hz, is influencing an electron beam to
overcome a barrier of 0.5_V. What is the electron velocity and find the threshold

frequency of the light.

Solution:

Upon examining the problem, both equations need to be used to compute the

solution.
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5.5.

Meters and Bridge Circuits
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5.5.1. Amp, Volt, Ohmmeter

Example:

What resistance can be added to a voltmeter with a current sensitivity of 10 mA and a

voltage sensitivity of 5V to read 120 V?

Solution:

Upon examining the problem, the second equation needs to be selected to solve this

problem.
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5.5.2. Wheatstone Bridge

Example:

A Wheatstone bridge circuit has a resistor R2 of 100_Q on the unknown side of the
bridge and two 1000_Q resistors connected on the known side of the bridge. A
resistor of 99 Q) was connected to the bridge in the location where the unknown
resistor would normally be present. The bridge is supplied by a 10_V source with a
resistance of 2.5_Ohm. The galvanometric resistance is 1_MQ. Find the voltage
across the meter and the galvanometric current.

current.

Solution:

Upon examining the problem, the second and third equations are needed to solve the

problem.
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5.5.3. Wien Bridge

Example:

A set of measurements obtained using a Wien bridge is based on the following input.
All measurements are carried out at 1000 _Hz. The known resistors R1 and R3 are
100_Q each, the series resistance is 200_Q and Cs is 1.2_pF. Find the values of the
unknown RC circuit components and the radian frequency.

Solution:

Upon examining the problem, the first, third and fifth equations are needed to solve

the problem.
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5.5.4. Maxwell Bridge

Example:

Find the inductance and resistance of an inductive element using the Maxwell bridge.
The bridge resistors are 1000_Q each with a 0.22_pF capacitor and 470_Q parallel

resistance. Compute Lx and RXx.

Solution:

Upon examining the problem, the first two equations are needed to solve the

problem.
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5.5.5. Owen Bridge

Example:

A lossy inductor is plugged into an Owen bridge to measure its properties. The
resistance branch has 1000_Q resistors and a capacitor of 2.25 uF on the non-
resistor leg and 1.25_pF capacitor on the resistor leg of the bridge. A series
resistance of 125 _Q connects the C4 leg to balance the inductive element.

Solution:

Both equations are needed for solving the problem.
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5.5.6. Symmetrical Resistive Attenuator

Example:

Design a symmetrical and Bridges Tee attenuator for a 50_Q load and a 6 DB loss.

Solution:
All three equations are needed.
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5.5.7. Unsymmetrical Resistive Attenuator

Example:

A network needs to be patched by an unsymmetrical attenuator. The network to the
right of the attenuator presents a resistive load of 125_Q, while the network to the left
of the attenuator possesses an impedance of 100_Q. What is the expected loss in

DB?

Solution:

The last equation is needed to compute the signal attenuation.
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Rj and Rk can be computed from the first two equations above.
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5.6. RL and RC Circuits
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5.6.1. RL Natural Response

Example:

An RL circuit consists of a 400_mH inductor and a 125 Q resistor. With an initial
current of 100_mA, find the inductor current and voltage across the inductor 1_ms
and 10_ms after the switch has been closed.

Solution:
Upon examining the problem, the first three equations are needed to solve the
problem.

Solution after 1_ms
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5.6.2. RC Natural Response

Example:

An RC circuit consists of a 1.2_jF capacitor and a 47_Q resistor. The capacitor has
been charged to 18 V. A switch disconnects the energy source. Find the voltage
across the capacitor 100_ms later. How much energy is left in the capacitor?

Solution:

Upon examining the problem, all of the equations are needed to solve the problem.
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5.6.3. RL Step Response

Example:

An inductor circuit consisting of 25_mH inductance and 22.5_Q resistance. Prior to
applying a 100_V stimulus, the inductor carries a current of 100_mA. Find the current
in and the voltage across the inductor after 0.01_s.

Solution:

Upon examining the problem, all three equations are need to be solve the problem.
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5.6.4. RC Step Response

Example:

A 10_V step function is applied to an RC circuit with a 7.5_Q resistor and a 67_nF
capacitor. The capacitor was charged to an initial potential of -10_V.
What is the voltage across the 0.1_ms after the step function has been applied?

Solution:

All three equations are needed to compute the solution for this problem.
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5.6.5. RL Series to Parallel

Example:

A 24 _mH inductor has a quality factor of 5 at 10000_Hz.
Find its series resistance and the parallel equivalent circuit parameters.

Solution:

Upon examining the problem, the first six equations need to be solved as a set.
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5.6.6. RC Series to Parallel

Example:

A parallel RC Circuit consists of a 47_pF and 150 _kQ at 120 kHz.

Find its series equivalent.

Solution:

Upon examining the problem, equations 1, 3, 4, 6 and 7 are needed to solve the

problem.
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5.7.

RLC Circuits

B ELECTRICAL ENGINEERING S8

erles Impedance
Parallel Admittance
ELC Hatural Eesponse
Underdamped Transient
Critical 3 Damped Trai
Duerdampe Transient
AC Circuit=

-EXFAlMARS | FICT | <1 @] HALT [ HELF
5.7.1. Series Impedance

Example:

A circuit consists of a 50_Q resistor in series with a 20_mH inductor and 47_pF

capacitor.

At a frequency of 1000_Hz calculate the impedance and phase angle of impedance.

Solution:

All of the equations are needed to compute the solution for this problem.
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45



5.7.2. Parallel Admittance

Example:

A parallel RLC Circuit consists of a 10 kQ resistor, 67 uH and 0.01 pF.
Find the circuit admittance parameters at a frequency of 10 MHz.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.7.3. RLC Natural Response

Example:

A RLC circuit consists of a 50_Q resistor in series with a 20_mH inductor and 47_pF

capacitor.
Calculate the circuit parameters.

Solution:

All of the equations are needed to solve the parameters from these given set of

variables.
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5.7.4. Underdamped Transient

Example:

A parallel RLC circuit is designed with a 1_kQ resistor, a 40_mH inductor and a 2_uF
capacitor. The initial current in the inductor is 10_mA and the initial charge in the

capacitor is 2.5 V.

Calculate the resonant frequency and the voltage across the capacitor 1_ps after the

input stimulus has been applied.

Solution:

All of the equations need to be selected to solve this problem.
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5.7.5. Critical-Damped Transient

Example:

A critically damped RLC circuit consists of a 100_Q resistor in series with a 40_mH
inductor and a 1_puF capacitor. The initial inductor current is 1_mA and the initial

capacitor charge is 10_V.

Find the voltage across the capacitor after 10_ps.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.7.6. Overdamped Transient

Example:

An overdamped RLC circuit consists of a 10_Q resistor in series with a 40_mH
inductor and a 1_pF capacitor. If the initial inductor current is 0_mA and the capacitor
is charged to a potential of 5_V, find the voltage across the capacitor after 1_ms.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.8. AC Circuits
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5.8.1. RL Series Impedance
Example:

An RL circuit consists of a 50_Q resistor and a 0.025_H inductor. At a frequency of
400 Hz, the current amplitude is 24_mA.

Find the impedance of the circuit and the voltage drops across the resistor and
inductor after 100 ms.

Solution:
All of the equations are needed to compute the solution for this problem.
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5.8.2. RC Series Impedance

Example:

An RC circuit consists of a 100_Q resistor in series with a 47_mF capacitor. At a
frequency of 1500 _Hz, the current peaks at an amplitude of 72_mA.
Find all the parameters of the RC circuit and the voltage drop after 150 _ps.

Solution:

Use all of the equations to compute the solution for this problem.
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5.8.3. Impedance < Admittance

Example:

Find the admittance of an impedance consisting of a resistive part of 125 Q and a

reactance part of 475_Q.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.8.4. Two Impedances in Series

Example:

Two impedances, consisting of resistances of 100_Q and 75_Q and reactive
components 75_Q and -145_Q respectively, are connected in series.
Find the magnitude and phase angle of the combination.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.8.5. Two Impedances in Parallel

Example:

For two impedances in parallel possessing values identical to the previous example,
calculate the magnitude and phase of the combination (resistances of 100 _Q and
75_Q and reactive components 75_Q and -145_Q respectively).

Solution:

All of the equations are needed to compute the solution for this problem.

SENES ELECTRICAL ENGINEERING Sk
IHpedance ++ AdHattance
THO IHpRdancR:= inh ZRrigs

H = =kd- + (1=
H=ATANC (1 =R3+FE1=03) ~ (R1=RE3-H1=
R=ZH=CO%(H]
n=2H=EZIN A
HESZ21H1 "2=Ri1~2+x1"2

HEZ(Z22H1"32=k3"3+H3"3
B1=ATHNLHRL-K1)
BA=ATAN K2R3}

-ERFR|UARER(FICTa] ST & HALT [HE0LY

HEE THo IHpedances in Faral Ll S8
Eq: L 'HEBSCZmr"2=C(R1*,,
RV #:8_0  2a:E_0
B:[l_r Zin: E_0) Z22n: [@_L)
el:E_ ERFS_L FR1AE_0
e2:@_ HER-145.0EH 750

Fefiztdance

EDIT [ UARS [VIEM] | ALL [Hz0LY

Press (7OOL ) to view all calculated results.
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IHpedance ++ AdHattance
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HESZ21H1 "2=Ri1~2+x1"2
HES(23H1 "2=F2"3+43a"3
H1=ATANLH1-F1)
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-ERFR|UARER(FICTa] ST & HALT [HE0LY
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= W=7 0. 2 183, .,
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5.9.

Polyphase Circulits

SR ELECTRICAL ENGINEERING SR

alanced = Hetwor
Balanced Mye Hetwork
Power Measurement s

Electrical Resonance
OpAmp Cilrcults

=20lid State Deuvices
Linear Amplifiers

-ERFA| VAR [FICT | 5T m| HALT [ HELF

5.9.1. Balanced A Network

Example:

Given a line current of 25_A, a phase voltage of 110 V and a phase angle of
0.125 rad, find the phase current, power, total power and line voltage.

Solution:

Upon examining the problem, all equations are needed.

Sy ELECTRICAL ENGINEERING #s
Falyphasg Caircusits

IL I2=Ip

'.'EHI pxC0s [ad
FT= EHIEHEIE LH]
FT=IZ2=MLxIL=C0s (el
Balancgd Hye NetHork
Fodgr MeaziraHents
Electrical REesonance
OpAHp Circuits

S Ba Lancad o Natwork
Eq: £ "W =W 'IL= IE*Im
Fr Wﬂllﬂ_v

Ipe 14,4335, P 4725, 97,
e 118 Y o 25_H

Oa. 12368_+

Four par phaze

EDIT [ UARS [VIEM] | ALL [Hz0LY

T BIJLIJI'II:'Ed a [IetHark &5

Eq:f ! IL= 3%,

YL=Y
F: Eﬂ 118_Y
Ip: H_H FT: E_]
WL: BN =5 _H
BA. 123@_r

Four par phaze

EDIT [ UARS [VIEM] | ALL W30

FE s taEsgny
PT: 4v25 5761, 1

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.9.2. Balanced Wye Network

Example:

Using the known parameters in the previous example for the Balanced A Network,
find the phase current, power, total power and line voltage (current of 25_A, a phase
voltage of 110 V and a phase angle of 0.125 rad).

Solution:

All of the equations are needed to compute the solution for this problem.

SHRNEE ELECTRICAL ENGINEERING Sk
Pﬁl%phdﬁi Circuits
anced o NgtHock

Ip
UEHI p=LOt (Al
FT=

EHIEREﬂSIQJ
FT=IZ=NL=IL=C0% (a)
Foder MeazurgHents
Electrical Kesondnce

OpAHp Circuats

-ERFR|UARZSl FICT | 51 m HALT [H=

SRR pa lanced Wye Netuork SEEEEEE
Eq: 4 'Wl=l2x\p' 'IL=I..
P+ [N T 116

Ip:H_H FT: A_]
wL: |y HE25_H
CEA,. 1256 _r

Four par phaze

EDIT [ UARS [VIEM] | ALL [Hz0LY

Press (7OOL ) to view all calculated results.
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anced o NgtHock
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% Soluear,.,

F
FT=I3=PL=IL=Cos ()
Foder MeazurgHents
Electrical Kesondnce
OpAHp Circuats

-ERFR|UARZSl FICT | 51 m] HALT [H:
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Eq: £ 'Y= [3xip! IL=1..

Frergets =t = a1 16
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EDIT [ UARS [VIEM] | ALL [Hz0LY
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5.9.3. Power Measurements

Example:

Given a line voltage of 110_V and a line current of 25_A and a phase angle of
0.1 _rad, find the wattmeter readings in a 2 wattmeter meter system.

Solution:

All of the equations are needed to compute the solution for this problem.

Sy ELECTRICAL ENGINEERING #s
Pﬁl%phdﬁi Circuits
anced @ NetHork
Ealanced HWy2 MetHork

+17E)
H2=WL=IL=COs (a-a-61
FT=1Z=L=IL=C0% (a)
Electrical Resondnce
OpAHp Circuats

Solid State Deypaices
Lingdr AHpliFidrs

-ERFR|UARZRFICTal ST u HALT [H:
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Wi CITI vz:6_l

FT: @_LJ 11@_%
25 _A BA. 1666 _

HattHeter 1

EDIT [ UARS [VIEM] | ALL [H!

Press (7OOL ) to view all calculated results.
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SHRNEE ELECTRICAL ENGINEERING Sk
Pﬁl%phdﬁi Circuits
anced & NetHark
Balanced Hye Natuark

Starting
ﬁ Saluver,,
El@ctracal Re=andancs
OpAHp Circuits

Solid State Deypaices
Lingdr AHpliFidrs

-ERFR|UARZRFICTal ST u HALT [H:

e 2 Fadar Med=ur@Hant s =
Eq: 4. 'Wl= '-.-'L-I-IL-I-I:IIIS':E+...
Hin papSiciopi i H2e 25SHEG . 94,
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5.10. Electrical Resonance

PSSR P ECTRICAL ENGINEERING S5
resanancCe

(CTRICAL ENGINEERING SEEEEE

E =] E !E‘EIIII'I-EII'IEE' k
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Farallel Eesonance I1 lel Eesonance I1
Fesonance in Lossg Im iance in Lossy Inductor
serries Eesonance = REesonance

OpAmMp Circuits=s Circuit=s

=20lid State Deuvices State Deuices

Linear Amplitfiers - Amplifiers

-ERFA| VAR [FICT | 5T m| HALT [ HELF -ERFA| VAR [FICT | 5T m| HALT [ HELF

5.10.1. Parallel Resonance |

Example:

Calculate the resonance parameters of a parallel resonant circuit containing a
10,000_Q resistor, a 2.4_uF capacitor and a 3.9_mH inductor. The amplitude of the
current is 10_mA at a radian frequency of 10,000 rad/s.

Solution:
All of the equations are needed to compute the solution for this problem.

SUMEE FLECTRICAL ENGINEERING #s

Farallgl Refandnce I
Elgctraical ReFdndncs

Farallel Fesenance T E3: L 'Mm=ImsTC1l-E240,,
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-ERFA|UARZa[FICTa] ST & HALT [H=0

EDIT [ UARS [VIEM] | ALL W30

et P LL@l Rezondnce IS
Eq: L 'Ym= Imf«I":le"‘EH... I l'-.H" 2dey7 ._'
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F. 41 n Elll 3. galll ql 248. m n

wi 1335, E16_k0 @2, 4., R e e
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EDIT [ UARS [VIEM] | ALL W30
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Press (70OL ) to view all calculated results.
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5.10.2. Parallel Resonance Il

Example:

A parallel resonant circuit has a 1000_Q resistor and a 2.4 _uF capacitor. The Quality

Factor for this circuit is 24.8069.

Find the band-width, damped and resonant frequencies.

Solution:

All of the equations are needed to compute the solution for this problem.

SUMEE FLECTRICAL ENGINEERING #s
Elactrical ReFdndncs
FFarallel Resandncg I

- -~

ezl -1 (A0 + T (1 (32030 +10
Sz i+l (2R +J (- (@01 31 +10
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EE
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E: vi:@_r =
WS Fi : [,
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EDIT [ UARS [VIEM] | ALL [Hz0LY

Press (7OOL ) to view all calculated results.

B.5d41H_F-~=
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NMALUs| Eens [FEINTL | | ERIT
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5.10.3. Resonance in Lossy Inductor

Example:

A power source with an impedance Rg of 5_Q is driving a parallel combination of a
lossy 40 _pH inductor with a 2_Q loss resistance, and a capacitor of 2.7_pF.
Find the frequency of resonance and the frequency for maximum amplitude.

Solution:

Upon examining the problem, all equations are needed to solve for a solution.

SUMEE FLECTRICAL ENGINEERING #s
Elactrical ReFdndncs

Farallgl Resandnce I

Purullel Refondnce IT

?r25 iL+H33RREinLRR33
Zrez=i-Yraz
W= Ll (L=C0 0 3= (1 +a=F-Fad + (
Z@rigE: Resondncs
OpAHp Circuits
Salad State Dauices

-ERFR|UARER(FICTa] ST & HALT [HE0LY

BERezonanc? in Lossy Inductors H5E
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EDIT [ UARS [VIEM] | ALL [Hz0LY

Press (7OOL ) to view all calculated results.
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5.10.4. Series Resonance

Example:

Find the characteristic parameters of a series-resonant circuit with
R=25 Q,L=69 pH, C=0.01_pF and a radian frequency of 125000 rad/s.

Solution:

Upon examining the problem, all equations are needed to solve the problem.

CHNEE ELECTRICAL ENGINEERING Sk
[Fezenance in Loszy Inductoer
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5.11.

OpAmp Circuits

SR ELECTRICAL ENGINEERING S8

EEEIE EHUEFEEF

-Hon—Irmwverting Amplif i
-Current. Amplifier
-Transconduct ance Ampl
Lewal Detector ©Inwver
rLevel Detector CHon—Ii
FDifferent iator
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+EXFA[VAREm|FICTe| =1 m| HALT [HE0LY

5.11.1. Basic Inverter

Example:

Find the gain of an inverter and its optimum value for bias resistance given an input
resistance of 1_kQ and a feedback resistance of 20_kQ.

Solution:

Use the first and second equations to compute the solution for this problem.

SHMESE FLECTRICAL ENGINEERING #s
OpHHp Circuit:
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Ep=FK1=RKr -~ (E1+FF)
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Current AHp LiFier o

L Tranzconductancd AHp LiFidr
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fLaugl Detector (Non-Inuertingd
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EDIT [YARS [VIEW] [ ALL [HZOLY

BEEE Choose Equations For WES S
+~ Au=-kKF -kl

Fop=Fop=-Aul=R1-FKFl
tr=0. 25=RF - CFapx (=AUl =E1)

| [#CHEL  JCANCLL oK

Sil i B i T Tl o

&={
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5.11.2.  Non-Inverting Amplifier

Example:

Find the DC gain of a non-inverting amplifier with a feedback resistance of 1_MQ and

a resistance to the load of 18 kQ .

Find the gain and the optimum value for a bias resistor.

Solution:

Use the first and second equations to compute the solution for this problem.
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5.11.3.  Current Amplifier

Example:

A current amplifier with a 200_kQ feedback resistance has a voltage gain of 42. If the
source resistance is 1_kQ, the load resistance is 10_kQ and the output resistance of

the OpAmp is 100_Q.

Find the current gain, input and output resistances.

Solution:

Use all of the equations to compute the solution for this problem.
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Press (7OOL ) to view all calculated results.
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5.11.4.  Transconductance Amplifier

Example:

Find the transconductance and output resistance for a transconductance amplifier
with a voltage gain of 48 and an external resistance of 125 _Q.

Solution:

Upon examining the problem, all equations are needed to solve the problem.
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5.11.5.  Level Detector (Inverting)

Example:

An inverting level detector possesses two zener diodes to set the trip level.
The setting levels are 4 _V and 3_V, respectively, for the first and second diodes.
The reference voltage is 5_V, the OpAmp is supported by a 10_kQ bias resistor and

a1l MQ feedback resistor.

Find the hysteresis, the upper and lower detection thresholds, and the input

resistance.

Solution:

Upon examining the problem, all equations are needed to solve the problem.
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Press (7OOL ) to view all calculated results.
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5.11.6.  Level Detector (Non-Inverting)

Example:

For a non-inverting level detector with the same specifications as the inverting level
detector in the previous example, compute the hysteresis, the upper and lower

detection thresholds, and the input resistance.

Solution:

Upon examining the problem, all equations are needed to solve the problem.
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Press (7OOL ) to view all calculated results.
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5.11.7. Differentiator

Example:

A differentiator circuit designed with an OpAmp has a slew rate of 1.5 _V/us. If the
maximum output voltage is 5_V, and the feedback resistor is 39_kQ, what input
capacitor and resistor are needed for the amplifier with a characteristic frequency of

50 kHz?

Solution:

Use the third and fourth equations to compute the solution for this problem.
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Press (7OOL ) to view all calculated results.
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5.11.8.  Differential Amplifier

Example:

Find the differential mode gain and the current gain for a differential amplifier with
bridge resistors R1, R2, R3 and R4 of 10_kQ, 3.9 kQ, 10.2_kQ and 4.1_kQ,

respectively. Assume a voltage gain of 90.

Solution:

Use the third and fourth equations to compute the solution for this problem.
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5.12.

Solid State Devices
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Note: The equations in this section are grouped under topics which describe general
properties of semiconductors or devices. Equations for a variety of specific cases and
are listed together under a sub-topic heading and are not necessarily a set of
consistent equations which can be solved together. Choosing equations in a subtopic
without regard as to whether the equations represent actual relationships could
generate erroneous results or no solution at all.

5.12.1. Semiconductor Basics

Remember that the result of equation five and six depends on the constant chosen

for ni.

Example 1:

Find the intrinsic and actual Fermi levels for Silicon at 300_K if the conduction band
is 1.12_eV above the valence band. The donor density is 8 x 10*-17_cm”-3. The
effective masses for electrons and holes are 0.5 and 0.85.

Solution:

Since the dopant is a donor, use equations 6 and 7 to compute a solution.
(Intrinsic Density Carrier Concentration of Silicon at 300_K: 1.45E10_1/cm”"3)
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SR S oni conductor Basics SN
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Press (70OL J to view all calculated results.
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Find the diffusion penetration depth after one hour for phosphorus atoms with a
diffusion coefficient of 1.8 x 10"-14_cm”2/s. The carrier density at the desired depth
is 8 x 10M17_1/cm”3 while the surface density is 4 x 10719 _1/cm”3.

Solution:

Equation 8 is needed to compute the solution for this problem.
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5.12.2. PN Junctions

Remember that the result of equation one and six depends on the constant chosen

for ni.

Example 1:

A PN step junction is characterized by an acceptor doping density of 6 x 10"16_1/cm”3
and a donor doping density of 9 x 10"17_1/cm”3. The junction area is 100_pu”2 at room
temperature. For an applied voltage of -5 _V, find the built-in potential and junction
capacitance. Use a value of 11.8 for the relative permittivity of silicon.

Solution:

Use the first five equations to compute the solution for this problem.
(Intrinsic Density Carrier Concentration of Silicon at 300_K: 1.45E10_1/cm”3)
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Press (7OOL ) to view all calculated results.
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Example 2:

A linearly graded junction has an area of 100_u”"2, a depletion layer width of
0.318005_, a built-in voltage of 0.8578_V and an applied voltage of -5_V. The relative
permittivity of silicon is 11.8. Under room temperature conditions, what is the junction
capacitance and the linear-graded junction parameter?

Solution:

Use the equations five and seven to compute the solution for this problem.
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5.12.3. PN Junction Currents

Example:

A PN Junction is characterized as having a junction area of 100_p~2, an applied

voltage of 0.5_V, and diffusion coefficients for electrons and holes of 35_cm”2/s and
10_cm”2/s, respectively. The diffusion lengths for electrons and holes are 25_pu and
15 p. The minority carrier densities are 5 x 1076_1/cm”"3 (electrons) and 25_1/cm”"3

(holes).

Find the junction current and the saturation current for room temperature conditions.

Solution:

Use the equations one and two or one and three to compute the solution for this

problem.
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5.12.4. Transistor Currents

Example:

A junction transistor has the following parameters: a is 0.98, the base current is

1.2_pA while ICBO is 1.8 _pA.
Find the B, emitter and collector currents.

Solution:

A few different choices are available, however the results might differ slightly due to
the combination of equations used. The second, third and fifth equations can be used

to solve this problem.
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5.12.5.  Ebers-Moll Equations

Example:

A junction transistor has a forward and reverse a of 0.98 and 0.10 respectively. The
collector current is 10.8_mA while the forward current is 12.5_mA. respectively.
Compute the base, saturation and reverse currents, in addition to the forward and the

reverse b.

Solution:

The second through sixth equations are needed to solve this problem.
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5.12.6. Ideal Currents - pnp

Example:

Find the emitter current gain a for a transistor with the following properties: base
width of 0.75_u, base diffusion coefficient of 35_cm”2/s, emitter diffusion coefficient
of 12_cm”2/s, and emitter diffusion length of 0.35_p. The emitter electron density is
30000_1/cm”3 and the base density is 500000_1/cm”3.

Solution:

Use the last equation to compute the solution for this problem.
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5.12.7.  Switching Transients

Example:

Find the saturation voltage for a switching transistor at room temperature when a
base current of 5.1 _mA is used to control a collector current of 20_mA. The forward

and reverse a's are 0.99 and 0.1 respectively.

Solution:

Use the last equation to solve this problem.
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5.12.8. MOS Transistor |

Remember that the result of equation one depends on the constant chosen for ni.

Example:

A p-type silicon with a doping level of 5 x 10"15_1/cm”3 has an oxide thickness of
0.01_p and oxide charge density of 1.8 x 10"-10_C/cm”2. A -5_V bias is applied to
the substrate which has a Fermi potential of 0.35_V. Assume the relative permittivity
of silicon and silicon dioxide is 11.8 and 3.9, respectively, and the work function is

0.2 V.

Solution:

Use the second through last equations to compute the solution for this problem.
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5.12.9. MOS Transistor Il

Example:

An nMOS transistor has a 6_p width and 1.25_p gate length. The electron mobility is
500 cm”2/(V*s). The gate oxide thickness is 0.01_p. The oxide permittivity is 3.9. The
zero bias threshold voltage is 0.75_V. The bias factor is 1.1_V"1/2. The drain and
gate voltages are 5_V and the substrate bias voltage is -5_V.

Assuming that A is 0.05_1/V and ®F is 0.35_V, find all the relevant performance
parameters.

Solution:
Use all of the equations to compute the solution for this problem.
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5.12.10. MOS Inverter (Resistive Load)

Example:

Find the driver device constant, output and mid-point voltages for a MOS inverter
driving a 100_kQ resistive load. Driver properties include a 3_u wide gate, a length of
0.8_p, Cox of 345313 pF/cm2. The electron mobility is 500 cm”2/(V*s), VIH =2.8_V,

VT =1 VandVDD=5_V.

Solution:

Use all of the equations to compute the solution for this problem.

By examining the equations, it is clear that there is more than one solution.
However, the root finding algorithm stops, after the first solution has been found.

In this example VOH, VOL, VIH, Vo and VM have to be positive and between 0 and

VDD.
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In total, there are eight solutions for this example.
Calculate the other solutions by providing adequate guess(es) through the variables
for the root finding algorithm.

Computed results:
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5.12.11. MOS Inverter (Saturated Load)

Example:

A MOS inverter with a saturated MOS transistor as its load. The driver has a length of
1 p and a width of 6_p while the load has a length of 3_p and a width of 6_p1. The
Fermi level for the substrate material is 0.35_V, a zero-bias threshold of 0.75_V.
Assume a drain supply voltage of 5_V and an output voltage of 3.1_V. The electron
mobility is 500_cm”"2/(V*s), the oxide capacitance per unit area is 345313 _pF/cm”2

and the bias factor is 0.5_V~1/2.

Find the output high voltage, the input high voltage, and the threshold of the load

device.

Solution:

Use equations one, two, three, four, six and seven in order to get a complete solution

for the problem
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5.12.12. MOS Inverter (Depletion Load)

Example:

A MOS inverter with a depletion mode transistor as the load has a driver transistor
5 pwide and 1_p long while the load is a depletion mode device with a zero-bias
threshold of -4_V, 3 plong and 3_p wide. The Fermi level for the substrate material

is 0.35_V, a zero-bias threshold of 1_V.

Given an electron mobility of 500 _cm”2/(V*s) and a depletion threshold of -4_V; for
the load device, compute VOL and VTL when the output voltage is 2.5_V. Assume
VOH to be 4_V and 0.5 for y, the oxide capacitance per unit area is 34500 _pF/cm”2.

Solution:

The problem can be solved with the equations one, two, three and four.
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5.12.13. CMOS Transistor Pair

Example:

Find the transistor constants for an N and P MOS transistor pair given:
N transistor: WN=4 u, IN=2_p, un=1250_cm”"2/(V*s), Cox=34530_pF/cm"2, VTN=1_V
P transistor: VTP=-1_V, Wp=10_u, up=200_cm"2/(V*s), IP=2_u

VDD=2_V, VIH=5_V

Solution:

The solution can be calculated by selecting the first four equations.
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5.12.14. Junction FET

Example:

Find the saturation current when the drain current at zero bias is 12.5 A, the gate
voltage is 5_V and the pinch off voltage is 12 V. The channel width is 3_p, use a
value of 11.8 for the relative permittivity of silicon, for the donor density use a value
of 1 x 10"16_cm”-3. The built-in voltage is 0,85 _V and the gate voltage is -8_V

Solution:

Use the third equation to solve this problem.
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5.13. Linear Amplifiers

B AT CCommon

5.13.1. BJT (Common Base)

Example:
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A common base configuration of a linear amplifier has an emitter resistance of 35_Q,
collector and base resistances of 1_MQ and 1.2_kQ resistances, respectively. The
load resistor is 10_kQ. If the source resistance is 50_Q and a0 is 0.93, find B0 and

the gains for this amplifier.

Solution:

All of the equations are needed to compute the solution for this problem.
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5.13.2.  BJT (Common Emitter)

Example:

A common base configuration of a linear amplifier has an emitter resistance of 35_Q,
collector and base resistances of 1_MQ and 1.2_kQ resistances, respectively. The
load resistor is 1_kQ and the output resistance is 1_MQ.

If the source resistance is 50_Q and a0 is 0.93, find B0 and the gains for this

amplifier.

Solution:

All of the equations are needed to compute the solution for this problem.

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs
LEJT (CoHHOn Eg=ed

- -~ -
in=rb+E0=re
Fa=rc

Hi=-g0d
Au=-g0=F - (EQ=re+rhb]
Aau=-g0=EL-[E=+Finl
BT CCoHHONR Callectar]
FFET CCoHHGOR Gatel

-ERFA[VAREe] FICT | 1 = HALT |
e 22 EJT CCoHHGR EHLtEer) =3
EE.93 EE1_M0Q
EE1_MO Ai: @

Au: i EHI5_0)
EE1.Z2_kO Aou: [

EO: B AE1_LLO
EESE_L Rin:

Input raziztance

EDIT [ UARS [VIEM] | ALL [Hz0LY

e = EJT CCOHHGn EHaittord 28

Bl ., 93 @8 1_HMQ

&8 1_HMQ pin —1.3. 235,
e =7, 3734, @35_0
Ml.=2_ki} Roue =7 PG,
poe 12,2857, @01 _kQ
ESE_ H ] 55T, L)
Input raziztance

EDIT [ UARS [VIEM] | ALL [Hz0LY

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs
LEJT (CoHHOn Eg=ed

il Starting
? Soluear,.,
- 5
Au=-g0=F L (gd=re+rh)
Aau=-g0=EL-[E=+Finl

FEAT CCOHHOR Collector])
[FET VCCOHHOR Gateld

-ERFR|UARZSl FICT | ST m HALT [H:

Solwing for Ein
Fin: 1685._0
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

AT CCoHHen EHitter)
57142857

13, 2857142857
~7. 9793@7F97 94
1 7. TAETFEITEES

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.13.3.  BJT (Common Collector)

Example:

An amplifier in a common collector configuration has a gain a0 of 0.99. The emitter,
base and collector resistances are 25_Q, 1000_kQ, and 100000_MQ respectively.
The load resistor is 100 _Q. If the source resistance is 25 _Q find all the mid-band

characteristics.

Solution:

All of the equations are needed to compute the solution for this problem.

s ELECTRICAL ENGINEERING SHE
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BJT iEﬁHHﬁn EH:ttqu

:|.I'| rb+g0=re+ (EO+11 =R 1

Ra=rg+ (R=x+rbl R0

Hi=rcs Orcx (=02l +F L+ Q)

Au=ogl=E L~ [re+E L)

Aous (EO+1 =R L CR=+Rin+ (EO+11 =K1
[FET VCCOHHOR Gateld

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

BESEEEAT (CoHHon ColLactor) S5
Ra: mﬂmaa._kn

Ai: &E 1 HEEEAE., ..,
A El il . 99
H25_ L0 Row:

Fiz : Pt . Rin: @_L]

E0: A HE1H8E_0
oytput reziztanca

|EDIT | VAR |WIEW] | ALL [H=

SRR EIT (CoHHon Collactor) S
18126, 2. bRl e

rin 339, 2999, @ 1 AEEAEA, ..

s, 792EA,, BDA. 9906EA,,,

=5 0 Rous @, AT,
E25_0 Rine 1E12475,.,
Eos 33 Fi Luj ]
output rezistancs

[EDIT | YAE: [WIEM| | ALL [H=0

s ELECTRICAL ENGINEERING SHE
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT CCoHHOR EHittar)

Starting
ﬁ Soluear,.,
Aisrce Crcx (1-ofl) +F L+ 2
Au=odl=E L~ (rg+F L1
A= [E0+1)=E LS (Rs+Fan+ (EO+11 =KL
FFET C[CaOHHGOR Gatad

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

Solwing for REin
Fin: 1wmlzd475._10
Zero

llEllEE- ZESE2
99, 99995700
A. 7I2AEEREE

. B89 7995

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.13.4. FET (Common Gate)

Example:

A FET amplifier connected in a common gate mode has a load of 10_kQ. The
external gate resistance is 1_MQ and the drain resistance is 125_kQ. The

transconductance is 1.6 x 10"-3_Siemens.

Find the midband parameters.

Solution:

All of the equations are needed to compute the solution for this problem.

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT C(CoHHOR EHittar)

FEAT CCoHHONR Callectar]

H=3H=r
FEain=CRL+rdd -~ (p+1]
Au=Cp+LI=E L~ (rd+F L]
Fo=rd+ (p+1] =EG

LFET C(CoHHOR Sourcg)
tFET [CaHHaR Drdaind

-EXFAIVARSE| FICT [ =1 o HALT [H=0LY
FET C[CoHHan Gated s A

Eq: £ 'p=am¥rd' 'Rin=c,
FIE.HA15_5 Fin:

Au: E AN 16 _J L)
Rt @_[) EH1=5_kL0O
w: B [E 1 _ML)

Input raziztance

EDIT [ UARS JVIEM] [ ALL |

e 25 FET (COHHOR Ggtad = e
Eq: L 'p=amErd' 'Ein=t..
FO.88156_5 ki CIEENE
A 14, 3535, AO18_LkL)

Fon 2ZE1 1256, BO125_k0O

m 2EE @D 1 _MQ

Input raziztance

EDIT [ UARS [VIEM] | ALL [Hz0LY

s ELECTRICAL ENGINEERING SHE
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT CCoHHOR EHittar)

BT -
[ Starting
# Saluver,,

- 5
A= (padd =F L Crd+F L)
Rosrd+ tpad)=RG

fFET LCaHHONR Saurcel
[FET CCOHHOR Dirdaind

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

Solwing for Ein
Fin: &7l.641731845_0
Zero

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.13.5. FET (Common Source)

Example:

Find the voltage gain of a FET configured as a common-source based amplifier. The
transconcductance is 2.5 x 10"-3_Siemens, a drain resistance of 18 kQ and a load

resistance of 100_kQ.

Find all the parameters for this amplifier circuit.

Solution:

All of the equations are needed to compute the solution for this problem.

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT C(CoHHOR EHittar)

BT CCoHHONR Callectar]

tFET CCoHHGR 0ated

B=3H=
FEain=CRL+rdl - (p+1]
Au==gH=[rd=E L= (rd+E L1
Fo=r

tFET [CaHHaR Drdaind

-ERFR|UARZEl FICT | ST s HALT [H=0

EESEEEFET (CoHHOn Source) SR
Eq: L 'p=am¥*rd' 'Ein=C.
Rin: TEN G

Au: i FIB . BE25_5
B 186 _kQ Fio: F_L)
EE1S_EQ

Input raziztance

EDIT [ UARS IVIEM] | ALL [HZ0

i =FET (CoOHHGR S0MrCgl = i
Eq: L 'p=am¥*rd' 'Ein=C.
Rine e 45

A =33, 135, . 8E25_5
O 186 _kQ Fon 1 SEEEA, _[)
EO1S_EQ

Input raziztance

EDIT [ UARS [VIEM] | ALL W30

#9555 ELECTRICAL ENGINEERING ¥
Lingdr HAHpLiFier:

FEJT CCoHHOR Easel

'Ej} CCOHHGR EHitter)

FETl St arting

|l Soluer..,

REin=CRL+rd) - (u+ll
Au==gH=(rd=EL- (rd+FEL1]

Ru=r
[FET CCoHHSR Dedand
-EXFA[VARSE] FICT [ =1 & HALT [H=0

Solwing for Aw

Au: —-3=. 1355932202
Zero

. 15559232507
12E8E, 0

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.13.6. FET (Common Drain)

Example:

Compute the voltage gain for a common-drain FET amplifier. The transconcductance
is 5 x 10”-3_Siemens, a drain resistance of 25 kQ and a load resistance of 100 kQ.
Find all the parameters for this amplifier circuit.

Solution:

All of the equations are needed to compute the solution for this problem.

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT C(CoHHOR EHittar)

BT CCoHHONR Callectar]

tFET (CoHHOR G4atel

tFET (COHHON Sourced

H=3H=r
FEain=cCFL+rd4 -~ (p+1]
AU=E=R LA CCE+LT =F L+rdd
Ro=rd~ (p+dd

-ERFR|UARZSl FICT | ST @] HALT

e 2 FET CCOoHHOR Draind &5 e
Eq: L 'p=am¥rd' 'Rin=c..

FIE.885_5  Fin:@_[
A [E 186_k
ko B_1 EE=25_k0
v

AHp LiFication Factor

EDIT [ UARS [VIEM] | ALL [Hz0LY

e ZFET CCoHHGR Drdxnd 25 e
Eq: L 'p=amErd' 'Ein=C.
FiO . BAS_S Fine 992, BE3..,
A 99899, @0 1686 _kL0O

Fon 193,412, BO25_Lk1)

2 125

AHp LiFication Factor

EDIT [ UARS [VIEM] | ALL [Hz0LY

#9555 ELECTRICAL ENGINEERING ¥

Lingdr HAHpLiFier:

FEJT CCoHHOR Easel

'Ej} CCOHHGR EHitter)

FETl St arting

:FE.T' Saluver,,
H=3H%rd
Rifi= (R L+rd) - (padd
AUZHER L G Cp+d) =R L d)
FEo=rd-CH+1)

-ERFR|UARZSl FICT | 51 m] HALT [H:

Solwing for Aw
Auw: . 99EE93EA99E ]
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

FET CCOHHGR Draind

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.13.7.  Darlington (CC-CC)

Example:

Transistors in a Darlington pair having a B0 value of 100 are connected to a load of
10_kQ. The emitter, base and source resistances are 25_Q, 1500_kQ and 1_kQ,
respectively. The external base resistance is 27_kQ.

Solution:

All of the equations are needed to compute the solution for this problem.

CENEE ELECTRICAL ENOGINEERING Sk
Lingdr AHplaFadrs

LEJT (CoHHon Edgse)

BT C(CoHHOR EHittar)

BT CCoHHONR Callectar]

tFET (CoHHOR G4atel

tFET (CoHHOn Sourced

tFET CCaHHGR Drdand

an=EO= Lre+EOx Grg+R L))
Ro=re+ CE0= (ra+rb) +K=) ~g0"2
Hiz=p0™3=EEA- (REA+EO= (R L+r@l ]

-ERFR|UARZRFICTal ST u HALT [H:

ZDar Lington (CC-CC) SEEEEEE
'Rin=EA* i re+fl*C,,

&={

Fin: Fo:KH_L]
R i15AE, kO EE1_EQ
Ri: [ LR =27 _k
[Tl 1 86 AE1a_kQ
ERZ25_0

Input raziztance

EDIT [ UARS [VIEM] | ALL [Hz0LY

S 0arlingaten CCC-CCD S

Eq: L 'Ein= E*ﬂre+EB*im
nn-l@ﬁw 15825, 2.
01568, _kLO E1_EQ

Rin 262 . 263, @027 _kO
[l 1 86 AO1E_kQ

B 25_0

Input rezaztance

EDIT [ UARS [VIEM] | ALL [Hz0LY

#9555 ELECTRICAL ENGINEERING ¥
Lingdr HAHpLiFier:

FEJT CCoHHOR Easel

-BJ; CCOHHGR EHitter)

FETl St arting

FET Saluver,,

an=EO= Lre+EOx Grg+R L))
Ro=re+ CE0= (ra+rb) +K=) ~g0"2
Hiz=p0™3=EEA- (REA+EO= (R L+r@l ]
-EXFA]YAREm|FICTe] =T =] HALT [H=0

Solwing for Ein
Fin: 1w@z2525604, _0
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.13.8.  Darlington (CC-CE)

Example:

An amplifier circuit has a base, emitter, and load resistance of 1.5 _kQ, 25 Q, and
10 _kQ, respectively. The configuration has a value of B0 equal to 100. The source
and collector resistances are 1_kQ and 100_kQ.

Find the voltage gain, input and output resistances.

Solution:

All of the equations are needed to compute the solution for this problem.

SEEEE FLECTRICAL ENGINEERING #s
FFET CCOHHOR Gatel

fFET LCaHHONR Saurcel

FET CCOHHOR Dibdin)

r0ar Lanaton (CC-CC)
tEin=r§+EExre

Ro=rcAp

Au=-F L-rexres (rg+hs-g0-2l

FEHattar-Coup Lad AHpliFier
tDaFFerentadl AHpliFaiger
LSaurce-Coup Led JFET Fair

-ERFAIVARSEIFICTa] ST ] HALT [H:0
% Dar Lington (CC-CED 55

H L 'Rin=rb+EAxEra' ..
Rain: (SN 1. 5_k ()

Fo: B_L s 1 6E_Lk L)
Ru: B [ 16 _J L)
il =5_L) [EH1_kI)
H 166

Input raziztance

EDIT [ UARS IVIEM] | ALL [HZ0

% Dar Lington (CC-CE) 8 a3
'Bin=rb+Ed*rea' ‘..
Fine GYS]S| I 1 . 5_k 1
Fon 16006, _0 EO168E_kO

A =295, 46, @O 16_k0

& 250 Edl_kQ

[ 1 86

&={

Input raziztance

SEEEE FLECTRICAL ENGINEERING #s
FFET CCOHHOR Gatel

fFET LCaHHONR Saurcel

FET CCOHHOR Dirdaind

FDar .
[ Starting
Ra Saluver,,
Hu:-ﬁl}rexre#ire+ﬁ5# g3l
L EHittar-Coup Led AHpliFier
tDaFFerentadl AHpliFaiger
sRolUrce-Coupled JFET Fair

-EXFA[VAREm|FICTe| =T =] HALT [H=0
Solwing for Eo

Fo: 18wA, _0

Zero

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.13.9.  Emitter-Coupled Amplifier

Example:

An emitter coupled pair amplifier is constructed from transistors with a0=0.98. The
emitter, base and collector resistances are 25_Q, 2_kQ and 56_kQ, respectively. If
the load resistance is 10_kQ, find the mid-band performance factors.

Solution:

All of the equations are needed to compute the solution for this problem.

SEEEE FLECTRICAL ENGINEERING #s
F0ar Lingdton (CC-CCh
r0arLindton (CC-CEX

.-' -
=g+ CED (r@+rb) +R2) g2
HuU= Hlfrexiﬁﬂxre#izxﬁﬂxre+ﬁlll
Hi=-odl=Ed
Rin=g0=ra+rb
Ra=rc
tDaFFerentadl AHpliFaigr
Lzonrce-Coupled JFET Fair

-EXFA]YAREm|FICTe] =T m| HALT [HE0LY
B FHatter-Coupled AHp LiFier S5

Ez: H_[) Au:

[ 16 _k i : (S
Bl . 935 Fin: H_L]

E0: (A 2 : P .
EEZ2_ki Ro: E_L)

B Ss_ki

Current 44din, CE

EDIT [ UARS [VIEM] | ALL [Hz0LY

B FHatter-Coupled AHp LiFier S5
Fze 1 342967, w33, 3574,

AO1E_kQ iR -4, 1
Bl . 93 Fine 3225, _[)
Eoe 49 =5
EO2_ki Ron SEEEA, L)
B Ss_ki

Current 44din, CE

SEEEE FLECTRICAL ENGINEERING #s
F0ar Lingdton (CC-CCh
r0arLindton (CC-CEX

o Starting
? Saluver,,
1 "
Ein=f0=ra+rb

T

DiFFerential AHpLiFier
sRolUrce-Coupled JFET Fair

-ERFR|UARER(FICTa] ST & HALT [HE0LY

Solwing for Aw
Auws 39, 35742971589
Zero

J

EDIT [ UARS [VIEM] | ALL [Hz0LY

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.13.10. Differential Amplifier

Example:

A differential amplifier pair has a transconductance of 0.005_Siemens, a0=0.98,
B0=49. The external collector and external emitter resistances are 18 kQ and 10_kQ
respectively. If the emitter resistance is 25_Q and the base resistance is 2_kQ, find
the common mode, differential resistance and gains.

Solution:

All of the equations are needed to compute the solution for this problem.

s ELECTRICAL ENGINEERING SHE0
F0ar Lingdton (CC-CCh

r0arLindton (CC-CED

EHitter=Coup Led HHpLiFier

Fic=g0=KER
Lanrce-Coupled JFET Fair
Claz=s A, E, and C AHplifFiers

Tran=ForHars

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

B N FFerential AHp LifFier S
A : [SHEEE FTE . 065_5

e o] : R bE
AR 12 _kQ Fid: H_L}
E =L 2 : P .
Ric: [_L) Ml 43
AR 1E_kQ

DiFFerential Hodd 34in
[EDIT |YARE [VIEM| | ALL

B N FFerential AHp LifFier S

A I FTO . B85 _5
ron —, 33EE3,, B, 95

D15 _kO RFide 5450, _L)
o=k 0 =5 (]

Rice $960HEA, A0 49

D 18_EQO

DiFFerential Hodd 34in

EDIT [ UARS [VIEM] | ALL [Hz0LY

s ELECTRICAL ENGINEERING SHE0
F0ar Lingdton (CC-CCh

r0arLindton (CC-CED
FEHitter-Coup lad HHpLiFigr

Starting

g Saluver,,

1 -

Ric=g0=RER
sEolurce-Coupled JFET Fair

CLasz= Ay E, and © AHplLliFiers
Tran=ForHars

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

Solwing for Hc
Ac: —.=8@83932376404
Zero

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.13.11. Source-Coupled JFET Pair

Example:

Find the gain parameters of a source-coupled JFET pair amplifier if the external drain
resistance is 25 _kQ, and the source resistance is 100_Q. The drain resistance is
12 _kQ and the transconductance is 6.8 x 10"-3_Siemens.

Solution:

All of the equations are needed to compute the solution for this problem.

SEEEE FLECTRICAL ENGINEERING #s
DarLingdton (CC-CCh

DarLindton (CC-CED

EHitter-Cou lid HH LiFigr
DiFFerentin igr

H= rd+KOR)
HC'-HHHD siiu&inExH5+rd+HDHJ
EHHrd
CHHF=3H=R=
Claz=s A, E, and C AHplifFiers
TransForHars

-ERFR|UARZRFICTal ST u HALT [H:

B Cource-Coupled JFET Fair S
Eq: £ 'Hd=—=1-Z2¥%am*Crd#.,
Hd: Ac: H

AR 25 kO n: E

EE12_EkQQ CHHE:

FIE . 9025 [ER 106 1)

DiFFerential Hodd 34in

EDIT [ UARS [VIEM] | ALL [Hz0LY

ﬁﬁﬁﬁiﬁurce-cﬁupled JFET Fadir S
Eq: 4. 'Ad=—-1-Z¥am*(rd*..,
A EtgeT o Ao —35. 116,
mEl. 6
EO1z2_EkGQ CHHRr | 532

IO . BAE2_5 EIEIEI [

DiFFerential Hodd 34in

EDIT [ UARS [VIEM] | ALL [Hz0LY

s ELECTRICAL ENGINEERING SHE0
DarLingdton (CC-CCh

DarLindton (CC-CED
EHitter-Coupled HHpLiFier

Dif :
‘ Et?rt img

aluer,., I
AE IH)
HFEHHrd
CHRR=3H=FR=

CLa=z= Ay E, and © AHpLiFiers
Tran=ForHars

-ERFR|UARZaFICTa] ST u] HALT [H:

Solwing for Ac
Ac: =-22.1185919282
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

Tourcg=Coupled JFET Fair
=27 o B e T

MME: &2
A== —-32.1183919283

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.14. Class A, B and C Amplifiers

SR ELECTRICAL ENGINEERING SR

ass mplitiler
Power Transistoaor
Push—-FPull FPrinciple
Clas=s B Hmplifier
Class C Amplifier
Transf ormers
Motors and Generators

-ERFA| VAR [FICT | 5T m| HALT [ HELF

Note: The equations in this section are grouped under topics which describe general
properties of semiconductors or devices. Equations for a variety of specific cases and
are listed together under a sub-topic heading and are not necessarily a set of
consistent equations which can be solved together. Choosing equations in a subtopic
without regard as to whether the equations represent actual relationships could
generate erroneous results or no solution at all.

5.14.1. Class A Amplifier

Example:

A Class A power amplifier is coupled to a 50 _Q load through the output of a
transformer with a turn ratio of 2. The quiescent operating current is 60_mA, and the
incremental collector current is 50_mA. The collector-to-admitter voltage swings from
6_V to 12_V. The supply collector voltage is 15 V. The maximum current is 110 _mA.
Find the power delivered and the efficiency of power conversion.

Solution:
All of the equations are needed to compute the solution for this problem.

S FLECTRICAL EMGINEERING S S FLECTRICAL EMGINEERING S
Claxz=z A, E, and L AHpliFiers Claxz=z A, E, and L AHpliFiers
= d=
alC=allCE~F aT -
InaxoICesale Inf Starting
= " oluer,,,
FF=NCEHax-YCEHin FF
YFF=n=FF YFF=n=FF
Fo=falC)~3=E- & Fo=falC)~3=E- &
vEFo-Fdc "EFosFdC
tFaHe" Transastar tFaHe" Transastar
-E4FR[VARZa[FICTa] <1 s HALT [HZ0LY -E4FR[VARZa[FICTa] ST s| HALT [HZ0
AESE_0 aYCE: [{_N\} Solvwing for E
EEEiio_mA DEE1S_Y E- 2EE_L)
EEcE_mA TRl Y ero
WCEHLN | R E_Y
n :
B 56 _ A
W 9
Fdc: A_|J
EDIT | YARZ |WIEW| | ALL [HzoLy EDIT [ YARZ [VIEW] | ALL [Hs




F: Lujl 5 . aWCEn 1E_Y

Emﬁ}amﬁmﬂ EISTE ' i du_tl

m _ m _ .I 2

WEAEDE_Y v 12 Y pdcs 9, 500000_1

Mz PR _Y YPP: 12_Y

B SE_mA ke EEEE Fo: G.3525068_L
”5'?;,4‘:'4444'" Fou . BE2S_LY af @, 6944

Fdce | A

[EDIT | YAKS [VIEW] | ALL [HZ0LY wALUs[Eenz [FEINT) | | EWIT

Press (70OL ) to view all calculated results.
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5.14.2. Power Transistor

Example:

A power transistor has a common emitter current gain of 125. A 750 _Q base
resistance is coupled to an external emitter resistance of 10_kQ. The ambient
temperature is 75_F and the thermal resistance of the unitis 10_C/W. The power
that needs to be dissipated is 12.5_W. The base emitter voltage is 1.25_V while

ICBO is 1_mA.

Find the junction temperature, collector current and the instability factor.

Solution:

We note from the equation set that IC is computed in three different ways. To make
the calculations consistent given the data, we use equations 1, 2, 4 and 5 to solve for

this problem.

sssstes ELECTRICAL ENGINEERING s
Clazs A, B, and C ARpliFiers
CLa==s A AHpLiFier

+
IC=hFE=IE+ (1+hFE)=ICED
IE=-I[IC=Fe=VEE) -~ (F2+RKE)
IC==-hFE=VEE~ LhFE=E2+EKE) +hFE= (K2
S=(1+RE~Rel=hFE~ ChFE+RE-F2)}
IC=-hFE=IE+:=ICEN= (1+H=aT i)
rFuzh=FulLl Frinciple

fCLas: B HHpLiFier

-ERFR|UARZSl FICT | ST @] HALT

Foalgr TranFistor &

Td: B YS_"F
BE1E_"CAl EE1Z2.5_I
IE: H_pH IC:EH_H
EE1.25_% HEIBE1_mA
= H hFE : QRS
FiE: : ] 5 N ER1E_kQ

Junction teHperaturs

EDIT [ UARS [VIEM] | ALL [Hz0LY

o w FaHer TranFistor &

T-1n ey e = ra-"F
O 1E_°Col ER12.5_H
I —10EH, 4., Itn3, 43438,
Ed1.23_%Y HED1_mA
01874355, M 125

FE:n e S RN, ED 16 _Jk L)

Junction teHperaturs

EDIT [ UARS [VIEM] | ALL [Hz0LY

BEEE Choose Equations For WES S

«" TJ=TH+8.JA=Fd

" IC=hFE=IE+(1+hFEJI=ICED
IE=-IC=FKg-YEEl - (Fge+KE]}

" IC==hFE*VEE- ChFE=E¢+RE1+hFE=..

< E=(1+RE-E@)=hFE~ ChFE+EE-~Fg)

IC=-hFE=IE+5=ICEO= (1+H=aT, ]

| [#CHEL  JCANCLL oK

Solwing faor TJ
Td: d422.03832332389_K
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

NMALUs| Eens [FEINTL | | ERIT

Press (70OL ) to view all calculated results.
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5.14.3.  Push-Pull Principle

Example:

Find the output power for a push-pull circuit with a collector voltage of 15 V and a
load resistance of 50_Q. The push-pull transformer secondary winding amplifies

voltage by a factor of 2.5.

Solution:

Use the third equation to compute the solution for this problem.

sssstes ELECTRICAL ENGINEERING s
Clazs A, B, and C ARpliFiers
CLas= A AHpLiFier

FaHgr Tranfaztar
Fush=FulLl Frinciple
E=VCCAIHaY

Fus '.'l:l:"‘E-' IIEHH:I

Cla
Elu55 E Hle;F;qr

TransForHers
Hotors and Generators
L Eeh JUARSE|FICTal <1 @ HALT |50

B Fo= (N3 (2xnid )~ 3=WCC+3r (AxEA) 8

F - [
n2: 2.3

ni: |
woo: 154
k2: 5E_[)

Fouer output

EDITVARS IVIEM] | J=0

295 ELECTRICAL ENGINEERING ¥
folid chate Deuices
Langdr HAHplaiFaiers
Eé?sﬂ A, B, and C AHpliFiers

| 0
Foul Starting

Py Saluver,,
Faoz ucc*zsizxnnu _

Cla Ty
C |.-:I55 l: FIH|:- l:i.F:i.-zl'

| Exn [YAREm{FICTe] ST o] HALT [=0

EEFozN2s (3=nia 2 ~3=W003 - (3xFad 5
43 . 515525

n2: 2.5

ni: 1

ncc: 154

Ra: S _L]

Fouer output

EDIT [ VARS |VIEM] | INF0 =0
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5.14.4.  Class B Amplifier

Example:

A Class B amplifier provides 5_W to an effective load of 50_Q. The collector voltage
is 25_V. If the peak current is 500_mA, find the average DC current and the

efficiency of power conversion.

Solution:

Use the first, second, fourth and fifth equations to compute the solution for this

problem.

SHEEME ELECTRICAL ENGINEERING s

137H] = BN
tIdc=d=K=IHax -1
rPdC=d= KA IHa =YL
FPdc=3=K=NCC 3 (=R)

i = o [

i =h Bl |
FPd=2=WCC*2- (=K = (K=K~ 2%a-4]
WY =qH=F LW (3= L 30 » (1+h0E=F L~ 3]
“IC=3H=YH-n- (1+hOE=F 121

‘CLazx T AHpliFigr

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

CLass E AHp LiFiQr S
Eq: ¢ 'Po= H“E-I-'-.-'I:I:“"'Ef'iE...

OC current
EDIT [ URRS IVIEM] | ALL WS

2 #Class B AHp LiFier S
Eq: . 'Po=sE"2¥VECT2o 02

Tdce PpEct At W Gh b —HE_mH
Be . 5944271, @025

@56 _L) w . rEZ24214,,
ENS_H Fdon 7L 1 17VEZ.
DC cureent

EDIT [ UARS [VIEM] | ALL [Hz0LY

BEEE Choose Equations For WES S

A ] i LT W e o

" Tde=3=HxIHax-a
Fadc=a=K=IHax=YCC-n

< Pdc=dxEENCC" 3 (=R

“Enxh-Y
Fad=2=WCC*3-(q=R1=(K-K*3=a-Y)
Wi=gH=F L=V (2131~ (1+hOE=EL..
IC=gH=NH-A- (1+hJE=F 131

| [#CHEL  JCANCLL oK

SDIUIHE for Idc
Idc: a2
Zero

7381 7267 _A

VALUs| Eens fFREINTL | |E
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5.14.5. Class C Amplifier

Example:

A Class C amplifier is supplying a tuned circuit, with a quality factor of 5. If the output
voltage is 15_V and the power delivered is 75 _W.
Find the capacitive reactance of the circuit needed in the tank circuit.

Solution:

Use the second equation to compute the solution for this problem.

S ELECTRICAL ENGINEERING 358k
Fu=zh- Pull Franciple
Clazz E AHpLiFier
Claz=s C AHpliFaier
I*3=Rc-(I*2= (Rc+F0) ]

=nlL= - +11
nCi=-EL-¢
nL=l-g= R L+J (R L=K21]
nCa=-k3-¢
TransfForHars
Hotors: and G@nerataors

L ECh JUARZal FICT | ST m] HALT [50

AL R ol
Eq: ' BC=YH 2~ CLEFPo) !
e
wo: 15N
e: 5

Fo: 7o_H

Tuned circuit pardaHetar

EDITVARS IVIEM] | J=0

S ELECTRICAL ENGINEERING 358k
Fu=zh- Pull Franciple

Clazz E AHpLiFier

Clazz C AHplLliFier

% Starting
Soluear,.,

nC

nL=l-gx (R L+J (R L=E21)
nCa=-gK3-¢

Tran=sForHers

Hotdrzs and Gendrdators

L ECh JUARZal FICT | ST m] HALT [50

5 HC=w03s (xFo) ¥
P RC=EMAT 2 A CEFD ) !
H': . 5_L
vo: 15_'-.-'
e: 5

Fo: 7o_H

Tuned circuit pardaHetar

EDIT [ VARS |VIEM] | INF0 =0
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5.15.

5.15.6.

Transformers

BN ELECTRICAL ENGINEERTING SEEE
OpAmp Circuits

=20lid State Deuvices
Linear Amplitiers

Clas=s H and C Ampl
tEEeaE iran5$armer

Linear Equivalent Cirm
Motors and Generators

-ERFA| VAR [FICT | 5T m| HALT [ HELF

Ideal Transformer

Example:
An ideal transformer has 10 primary turns and 36 secondary turns. The primary side
draws 500_mA when subjected to a 110_V input. If the load impedance is 175_Q,
find the input impedance at the primary side of the transformer in addition to the
voltage and current on the secondary end.

Solution:

Use all of the equations to compute the solution for this problem.

SHMEE FLECTRICAL ENGINEERING #s
Zolid Ztgte Deuices:

Lingd:r AHplifFigrs

CLazz A, E, and C HHpliFier:
Tran=sForHers
I

Lingdr Equivadlent Circuit
Hotdrzs and Gendrdatars

-ERFR|UARER(FICTa] ST & HALT [HE0LY

we Idgal TrdanEFarHer 3

D= AHE Y ' T,

h={

EE11E_N EESEE_mA
va: I 12 5_A
2in: @_[) FE1A

R 25 EE175_0

Secandary woltggs

EDIT [ UARS JVIEM] [ ALL |

SHMEE FLECTRICAL ENGINEERING #s
Zolid Ztgte Deuices:

Lingd:r AHplifFigrs

CLazz H, E, and C HHpliFier:

e Starting
Soluear,.,

I

Pi=I1i=\3=I3
2an=Cni-nai"3=zL

Lingdr Equivadlent Circuit

Motor: and Gandrdator=s
-EXFA[VAREm|FICTe| =1 m| HALT [H=
Snluina far W2

Vzr 29s_Y

Zero

[EDIT | YAR= |YIEM]| | ALL [H=
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Idgal TranFForH2r

Eq: L 'W1loW2=H1sH2' 1.

EO11E_Y B0 SEE_mA
S35y I2n . 1358535,

2ine 13, 38354, 00 16

[ED =6 1731

Secandary woltggs

EDIT [ UARS [VIEM] | ALL [Hz0LY

Zin: 13, 5820264195_0

MALUs| Eens [FEINTL | | EHIT|

Press (70OL ) to view all calculated results.
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5.15.7.  Linear Equivalent Circuit

Example:

The transformer in the above problem has a primary and secondary resistance of
18 Q and 5_Q, respectively. Therefore, the ideal transformer has 10 primary turns
and 36 secondary turns. The primary side draws 500_mA when subjected to a 110_V
input. The corresponding coils have a reactance of 6_Q and 2.5_Q. The secondary
side is loaded with an impedance of 12.5 kQ. The reactive part of load is 10_Q

Find the voltage and current on the secondary side in addition to the equivalent

impedance on the primary side.

Solution:

Upon examining the problem, all of the equations are needed to compute the solution

to this problem.

SHMEE FLECTRICAL ENGINEERING #s
Zolid Ztgte Deuices:

Lingd:r AHplifFigrs

CLazz A, E, and C HHpliFier:
Tran=sForHers

tIdEﬂl Tran=FarHenr

=hi-ha=
I1=I2=n3-ni
Ein=Ri+ini-nai"3=(R3+EKL}
aan=nl+ CNi-Nad 2= (Ha+H Ll

Hotdrzs and Gendrdators

-ExFA[VARZE] FICT | =1 8| HALT |K:
FEi1lE_Y vz : I
EESAE_mA  I2:E_A

Rin: @_[) EE1S_0
ERS_L] AE1Z.5_kD
uin: @_[) EEE_L)

FE 16 [EE 26
EEZ.5_0 FE 18_0]

Secandary woltggs

EDIT [ UARS [VIEM] | ALL [Hz0LY

EO11E_Y 296"
BOZHE_mA  I2n, 1358555,
Fine 352,591, E015_(

F. 2 | AO1Z.5_ki
Hine . 96450, BOE_L)

ED 1A [fED =6

B 2. 51 HE 16_L

Secandary woltggs

EDIT [ UARS [VIEM] | ALL [Hz0LY

SHMEE FLECTRICAL ENGINEERING #s
Zolid Ztgte Deuices:

Lingd:r AHplifFigrs

CLazz H, E, and C HHpliFier:

TEEE Starting

aluel,,
I1=I2=n3-ni
Ein=Ri+ini-nai"3=(R3+EKL}
aan=nl+ CNi-Nad 2= (Ha+H Ll
Hotdrzs and Gendrdators

-ERFR|UARZSl FICT | 51 m HALT [H=

Solwing for I2
I2: .1388283833233389_H
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

NMALUs| Eens [FEINTL | | ERIT

Press (70OL ) to view all calculated results.
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5.16. Transformers

oS and Lenerat.ors -SeparatelH Exclted DC
nerad Lonuers1on -DC Shunt Mot
-DC Generator FDC Series Hntnr
SeparatelE Excited DC -Fermanent Magnet Mot o
DC Shunt Lenerator -Induct ion Mo
-DC Series Generator FInduction Motor IT
SeparatelH Exclted DC rSingle—Fhase Induct ion
FDC Shunt Mot g dnchironous Mac

mmﬁlﬂ HELF +ERFR|UARESl FICT | ST m] HALT [H=

SR ELECTRICAL ENGINEERING S8 SR FELECTRICAL ENGINEERING SR

Note: The equations in this section are grouped under topics which describe general
properties of semiconductors or devices. Equations for a variety of specific cases and
are listed together under a sub-topic heading and are not necessarily a set of
consistent equations which can be solved together. Choosing equations in a subtopic
without regard as to whether the equations represent actual relationships could
generate erroneous results or no solution at all.

5.16.1.  Energy Conversion

Example:

A conductor having a length of 15_cm and a cross sectional area of 0.5_cm”2 is
subjected to a magnetic induction of 1.8 T and a field intensity of 2.8_A/m. The
magnetic reluctance is 0.46_A/Wb. The conductor has 32 turns and is moving at a
rotational speed of 62_rad/s. Find the magnetic flux, the magnetic energy, the
induced electric field and the mechanical pressure on the coil.

Solution:
All of the equations are needed to solve this problem.

S FLECTRICAL ENGINEERING 35t S FLECTRICAL ENGINEERING 35t
Motor= and Generators Motor= and Generators
HF=1-3=Fg Lxd~2 HF :
F=1-3=E"3 u0 = Et?rt ing
Es=MN=xpssfdr I3 E=x o0
O Generator OC o er
-EepurutelE Excited DC Genr. -EepurutelE Excited DC Genr.
L0 Shunt Generator L0 Shunt Generator
O S@ries Generator O S@ries Generator
feparately- Exc;tqd iTn Hﬁtﬁr feparately- Exc;tqd iTn Hﬁtﬁr
-EXFA]YAREe] FICT | 51 =] HALT [H=0LY -EXFA]YAREe] FICT | 51 =] HALT [H=0LY
SEEneray Conuer=Ea1an S Solwing for Es
[[HE 2 Hetp ME1S_cm E=: 12.7172628352_\N
BH.S_cm™2 HWr:E_. il e
. d45_A~kbF:H_Fa
E1.5_T E=:_Y
[ER =3 EEeZ =
CHE_ b
FLux
EDIT |YARE [WIEW]| | ALL [H=0LY EDIT | YAE= [VIEW]| | ALL [H=0




Engrgy ConugrEian
[Mz.2_Hm 15 _cm
.5_cm™2 W BEEA]LS..,
0. 46_H-WbF 1289155, ..
@i1.2_T Esn | 2. 7172
E] =2 a2 _r-=

FLux
EDIT [ UARS [VIEM] | ALL [Hz0LY

MALUs| Eens [FEINTL | | EHIT|

Press (70OL ) to view all calculated results.
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5.16.2. DC Generator

Example:

A six-pole DC generator rotates at a mechanical speed of 31_rad/s. The armature
sweeps across a flux of 0.65_Whb. There are eight parallel paths and 64 coils in the
armature. The armature currentis 12_A. The field is supplied by a 25_V source

delivering a current of 0.69_A.

Find the torque and the voltages generated in the armature.

Solution:

Upon examining the problem, equation one to six are needed to compute the solution

for this problem.

SHMEE FLECTRICAL ENGINEERING #s
Hotorzs and Gendrdators

-EnerEE COnugrSion
'“'|l==p." =i
LEta=p = =E

LE A=~ ap=p-nxw=p
LEa=H=nHx=H
tH=N=ps Cap=n)

L T=nH=Ea=Ia+EF=IF
rT=h=H=Ia
FRa=p=h-ap~3=L-A

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

wia: [N +a:
[B.c5_Wh  K:@

Mad p =

ap RS T: @_HM*m
EE=1l_r-= Ea: [_Y
B 1Z2_A EBRZ25_Y
Il . 59_mHA

Elactrical radian Fraquency

[EDIT | WARS [WIEW] | ALL [HZ0LY
Etan 35, 4536,

20 K

M.E5 kb

K 153, 27887,
[ &< pol
apuEs: ™119.1757..
E0=1_r~<=  Em3ZH/7.569.
HEO12_A ED =5 W
. &9 _mA

Elactrical radian Fraquency

EDIT [ UARS [VIEM] | ALL [Hz0LY

BEEE Choose Equations For WES S
" RHI=Sp-3%RH

+ Eta=p-n=wi=d

+ Ea=N+ap=p-n=w=d

+ Ed=K=sHxd

+ R=Nxp- Lap*al

T=R=d=Ina

Ra=p=N-ap"2=L-A

VF=EF=IF
---m

Solving for T
T: 119 1?5???839 FH#m
Sian Reversal

EDIT [ UARS [VIEM] | ALL [Hz0LY

DC Gengratar

K=
Ts

VALUs| Eens fFREINTL | |E

Press (70OL ) to view all calculated results.
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5.16.3.  Separately-Excited DC Generator

Example:

A DC generator with a machine constant of 3.8 is driving a load of 46_kQ and rotates
at a speed of 31 _rad/s. The magnetic flux is 1.6_Whb. The field is driven by a 24 _V
source. The field coil resistance is 10_Q. The armature resistance is 13_Q in series

with an external resistance of 55 Q.

Find the field current, armature induced voltage and the terminal voltage.

Solution:

Use all the equations to compute the solution for this problem.

S ELECTRICAL ENGINEERING 5k
Motorzs and Generators

LEn2rdd Conugrsion

tOC Generator

IL=K=A=w~ (Ea+F L}
rOC Zhunt Gengrator
(OC Z@rigs Gendrdatar

-EXFA]YAREm] FICT | 51 =] HALT |H:
B caparate ly-Excited OC Genr. H5E

1f : G R =4

ERSS_0 B 1E_0
Y Ea: H_Y

IL: E_H [E=.2
El.c_MWb i : S g~
ER13_0 AB4s_ki

Figld <urcent

EDIT [ UARS [VIEM] | ALL [Hz0LY

B caparate ly-Excited OC Genr. H5E
Ire il D =4 Y
ENSS_0 E1E_0

vt 123, 426, Em 183,43V
Il g, @322, @3.3
@il.e_HWb N3l _r-=
EO13_10 A0 4s_ki

Figld <urcent

EDIT [ UARS [VIEM] | ALL [Hz0LY

S ELECTRICAL ENGINEERING 5k
Motorzs and Generators

LEn2rdd Conugrsion

tOC Generator

Starting

H Saluver,,

Vt=Eq-Fa=IL

IL=Hxd:=wH. (Ra+F L]
tOC Zhunt Gengrdator
OC 2@raig: Gandrdtor

-ERFR|UARZSl FICT | ST m HALT [H:

Solwing for Wi
Wi: 18=.426743952 Y
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

Separate ly-Excitad DE nenr

259 =_mH
- L)

B, BE4E9622. B
155, 42674006V

NMALUs| Eens [FEINTL | | ERIT

Press (7OOL J to view all calculated results.
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5.16.4. DC Shunt Generator

Example:
Find the machine constant of a shunt generator running at 31_rad/s and producing
125 V with a 1.8_ Wb flux.

Solution:
Use the first equation to solve this problem.

S FLECTRICAL ENGINEERING 35t S FLECTRICAL ENGINEERING 35t
Hotors and Genarators Hotors and Genarators
LEnerday Conuersion LEnerday Conuersion
-El: Wn%'—?_t':'E red DC G -El: Generatar
trgparate Ly-Excite 2nr. =1 :
tDC Shunt E-zn-zr-:lt-:-r Jils Et?l"t 1na
. aluer,,,
'ﬁ=EEE+EI—!JRIF 'ﬂ
WE=TL=R L WE=TL=R L
Ut=Ea-Fa=Ia Ut=Ea-Fa=Ia
Ta=IL+IF Ta=IL+IF
Ea=Fa=Ia+ (Eg+FF1=IF Ea=Fa=Ia+ (Eg+FF1=IF
| Ech |vAkEm| FICT | =I =] HALT [0 | Ech |vAkEm| FICT | =I =] HALT [0
2 28 EasHxwHxd 5
Ea: 1 25_Y
BE
wi: 31 o= :
f: 1. SEEEEEEA_MD f: 1. SEEEEEEA_MD
Hachine con=stant Hachine con=stant
EDIT VAR [WIEH] |  [= EDIT [ VAR |WIEH| | INFO[=
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5.16.5. DC Series Generator

Example:

Find the terminal voltage of a series generator with an armature resistance of
0.068_Q and a series resistance of 0.40_Q. The generator delivers a 15_A load

current from a generated voltage of 17_V.

Solution:

Use the second equation to solve this problem.

S ELECTRICAL ENGINEERING 5k
Motorzs and Generators

LEn2rdd Conugrsion

O Generator

-EepurutelE-Excited DC Genr.

L0 Shunt Generator

O S@ries Generator

tId=IF

tsgparate [y-Excated DC Hotor
OC Shunt Hotor
[OC S@rigs Motar

L ECh JUARZal FICT | ST m] HALT [50

EWt=Ea- CRa+Rs) = TL SR
'‘Mi=Ea-CRa+RE=s) €L
Wt

Ea: 17_W
Fa: B, BESHEEEE_L)
kz: 6. 48E0HEEEE_L)
IL: 13_AH

TerHinal uwaltage

EDITVARS IVIEM] | J=0

Eq:

st ELECTRICAL ENGINEERING s
Mators and Generator:s

FER@ray COnuRrSion

'EE aandratar

] =
EEf St art inag I

oE | Saluer,.,
14

-Eepuruiei -Exci%qd DC Hotor

rDC Zhunt Hotor
(OC Z@raigs Wotar

L ECh JUARZal FICT | ST m] HALT [50

SR VB0 - (Ra+Rs) = IL 5
Eq: "M =Ea- 'iEa+E53'-I-IL'
vt : ER
Ea: 1?-'-.-'

Fa: B, BESHEEEE_L)
Fx: 0. 4EEEEEEE_L)
IL: 13_AH

TerHinal uwaltage

EDIT [ VARS |VIEM] | INF0 =0
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5.16.6.  Separately-Excited DC Motor

Example:

Find the terminal voltage, field current and machine constant for a motor with an
armature current 0.5_A and resistance of 100_Q rotating at an angular velocity of
31_rad/s. The back emfis 29 _V. The field is driven by a 15_V source driving a 50_Q
load. The flux available in the armature is 2.4_Whb.

Solution:

Solve the first, second, fourth and fifth equations to solve this problem.

S ELECTRICAL ENGINEERING #s
FOC Zhunt Generatar
[": S@rigs Gengrator

'|'t=H5'=F|R|||I'I+FIIJRIIJ
TL=R=A=Iqg-TLo=s=

WHEVE - [H=A) -Ea=T- (KzA1 "3
T=T Loz==+TL
F=T=wH

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

B caparate ly-Excitad OC Wokor H5

mE1s_Y FiF ] .
IF: [E_mHA WY

Fia : N N Eq :pai=RY
EEZ2l_r~= T: A_HM*m

v : I T . 5.
Bz, 4 _lb

Hachan? Canstant

|EDIT | VAR |WIEW] | ALL [H=
EE caparate ly-Excitad DO Motor 3355
mis_\ D SE_t)

IFe SEE_mHA Win 74

ED 1EE_L0 Eqnjais BRY
o2l _ro= T 4E67 7419,

u -::-:I-I_ll II4I:IIII m ] S—H
MZ.4_Hb

Hachan? Canstant

EDIT [ UARS IVIEM] | ALL [HZ0

BEEE Choose Equations For WES S

«" WFZRF=IF

" WEzHxdxnH+Ra=Ia
TL=K=g=Iq-Tlo==

" EazH=amxd

MH=Wt- [H=A) =Fa=T- (K=A1 "2

T=TLaz=+TL
F=T=wH
(| |+CHE]  CANCL] 0K |

Solwing for E
ks 2389734945237
Zero

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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5.16.7. DC Shunt Motor

Example:

Find the back emf for a motor with a machine constant of 2.1, rotating at 62_rad/s in

a flux of 2.4 _Whb.

Solution:
Use the fourth equation to solve this problem.

295 ELECTRICAL ENGINEERING 3850505 295 ELECTRICAL ENGINEERING 3850505
FOC Shunt Gen@rdatar FOC Shunt Gen@rdatar
tOC Z@rigs engrdtor tOC Z@rigs engrdtor
-Egpgﬁut%l -E:-:-::‘.'I:-z-:l DC Hotor -5-z|:--:|r-:|t-zl.5| Excited DC Haotaor
b un oTOr iU
EFIEF:;»«F:FJEIFI 3:: Et?rt ina
=h=R=gH+Ed=14d m
TL=Hxd=Ia-Tlozz T ol M
mﬂﬁ ~LHEE) - CRa+Rd) =T+ (H=d) 2 mﬂﬁ ~LHEE) - CRa+Rd) =T+ (H=d) 2
T=TLa==+TL T=TLa==+TL
T=Hxdx=Ia T=Hxdx=Ia

L ECh JUARZal FICT | ST m] HALT [50

HE Ea=Kxwmxp 5

-:|:|§_ ]
B: 2.1

W EZ S :
F: 2.4 _Hb A: 2,
Hu3. 2HF anduced in arHatur Huj.
EDIT VAR [ WIEM| | [=0

L ECh JUARZal FICT | ST m] HALT [50

d_ b

2HF anduced an arHatur

EDIT [ VARS |VIEM] | INF0 =0
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5.16.8. DC Series Motor

Example:

A series motor, with a machine constant of 2.4, rotating at 62_rad/s, is supplied with
a terminal voltage of 110_V and produces a torque of 3_N*m. The armature
resistance is 10_Q, the series resistance is 5_Q, and the adjustable resistance is

0.001_Q.

Find the average voltage induced in the armature, the flux, and the load current.

Solution:

The first, third and fifth equations are needed to compute a solution.

SHMEE FLECTRICAL ENGINEERING Hs
'E'EF":II'IJt'ElH-EIl::'.tl!d OC Wator
nhor

DC Zhunt.

W d+Rs+Rdl =IL
TL=R=A=IL-TLoz=

M=V [H=A) = (Ra+Rs+Rd) =T~ (K=@1 "
T=T Lozz+TL

-ExiFrlURkca] FICT| ST a] HALT H:

S e D0 ferdes Motor B 2
Eq: . '“Wi=K¥@xum+CRatR,.,
IL:EECE 2118 Y

[EH 16 _L Fix :
EE.6E1_0 E3_H*m
Ea: B_Y E2. 4
Elcz2_r~= d:@_lb

Laad curcent

EDIT [ UARS [VIEM] | ALL [Hz0LY

e e OC Erags Wotor 25 e
Eq: £ 'Wi=Kxdxumt+(EatE.,
IL. :':—II l:"'1'"1':-'1||| m 1 IE_I'I'I

[EH 16 _L EDS_L
ED.6E1_0  E3_H*m

Ea PH, 2236, @24
EfezZ2_r~-=  d 4726851,

Laad curcent

EDIT [ UARS [VIEM] | ALL [Hz0LY

BEEE Choose Equations For WES S
" WtoHxdxnH+ (Ea+FEz+Ed) =IL
TL=R=A=IL-TLaz=
~+ Eq=K=sHxd
T=H=d=IL
< wHEVt (R = CRa+Rs+Rdi =T~ (K=,

T=TLoss+TL
KxA=RF=IL
T=KF=IL"3

| |wcCHE]  [CAncL] OB |
Solwing for @

@i . d72eA51 28855 kb
Zero

EDIT [ UARS [VIEM] | ALL [Hz0LY

OC %arigxs Wotar

. Y,
2, 64491 42 1 4?E_FI

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.

119



5.16.9. Permanent Magnet Motor

Example:

Find the machine constant for a permanent motor rotating at 62.5 rad/s in a
magnetic flux field of 1.26_Wb. Assume a 110_V back emf.

Solution:

The first equation is needed to compute the solution.

CE ELECTRICAL ENGINEERING 5k
S ap urutelﬁ Excated DC Wotor

tOC Shunt Motor

(OC Series Motor

tFerdanent Haanet Hotor

=h=H=Ia

Vt=Ea+Fa:=Ia

T=TLoz=z+TL

W=Vt [H=A) =Ea=T- (KzA1 "3
rInduction Hotor I
FInduction Hotor II

L ECh JUARZal FICT | ST m] HALT [50

i 22 Eq=HK=H=w &
Eq: 'Ea=Kxd*xum'
Eu 118_4

ﬂ 1.26_Hb
w: 52, S_ =

Hachan? Canstant

EDITVARS IVIEM] | J=0

SHMEE FLECTRICAL ENGINEERING Hs
LEap ﬂrﬂtilﬁ Excated OC Watar

rDC Zhunt Hotor

OC Z@raigs Wotar

rFar

Starting
'I:'t'=:I Soluear,.,

i

T=TLoz=z+TL

W=Vt [H=A) =Ea=T- (KzA1 "3
rInduction Hotor I
FInduction Hotor II

L ECh JUARZal FICT | ST m] HALT [50

: 'Ea= H*ﬁ*wm
E-:|=1

E'ﬂ.:‘:

EE.S_FHE

Hachan? Canstant

EDIT [ VARS |VIEM] | INF0 =0
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5.16.10. Induction Motor |

Example:

Find the mechanical power for an induction motor with a slip of 0.95, a rotor current

of 75_A and a resistance of 1.8 Q.

Solution:

Upon examining the problem, equation ten is needed to compute a solution.

CE ELECTRICAL ENGINEERING 58k
 Induction Motor I

i S~ 3

2= (g — (P2 2H) < e
'Fr-FHA==

LIREE P

tFHA=2=I=EHq
LPHe=2= (p-2 % (sH =) 2FHA
FHY=T=H

L T=2= (ps 212 (FHO- W]
tFHA=Fr=Ir~3+ (1-2) < 2xfr=Ir~2

LEr=RI-

w P (=21 sxxfraIer™a s
'Pa=il-=)-s¥Rr*Ir"

Eq
Fa:

= b
Rr:1,.3_10
Ir: ¥o_H

Hechanical paHear

EDITVARS IVIEM] | J=0

#9555 ELECTRICAL ENGINEERING ¥
tInduction Hotor I

= = 2
-g=iu5-iprJRHHJHHE

148 =
| Starting
:F: Saluver,,

LFHe=T=wH
L T=3x (pr 31 % (FHO- W]
LFHA=Rr=Ir- 2+ (1-2)1 ~sxkr=Ir"2

5t ..'Ei
Fr:l.8_0
Ir: YS_H

Hechanical paHear

EDIT [ VARS |VIEM] | INF0 =0
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5.16.11. Induction Motor Il

Example:

An applied voltage of 125 _V is applied to an eight pole motor rotating at 245 _rad/s.
The stator resistance and reactance is 8_Q and 12_Q respectively.

Find the maximum torque.

Solution:

Use the fourth equation to compute the solution.

CE ELECTRICAL ENGINEERING 58k
FInduction Wotor I
rInductaion Hotor II

FHA=Rr-z=Ir"3

T=2x(p-2) xFHa- s

T= 3#u5x-fzxﬁrsﬁxvuﬁzsiiH5t+Hrsi

=
TﬂHuI--33U5prHR¥ﬂ“EfiIiHE“E+HL
FEr=Fi-EH"2

t2anale-Fhase Induction Hotor

Lynchronons Hachines

| E¢h [YARsm| FICT | ST =] HALT |50
Eq: 'Tmma:{=3s“ws-1-if4-1-'-.-'a...
THHAX :

wi: 245 s

p: g

va: 1250

Rzt: =[]

WL: 1210

HaxiHuH paZitiug tarque

[EDIT | VAR [VIEH] | |50

SHMESE FLECTRICAL ENGINEERING s
FInductaion Hotar I
rInduction Hotor II

FHA=FRr-~F=Ir"2

ElStarting s
E Soluear,, d+n]

TaHAx==3-psxp-YxNa=2- (f (Rs"3+HL
FEr=Fi-EH"2

teind le-Fhase Induction Motor
LZynchronous Hachines

L ECh JUARZal FICT | ST m] HALT [50

Eq: ' Tmma:{ Es“ws-l-f-#-l-a...
-

MaxiHUH positivg torque

EDIT [ VARS |VIEM] | INF0 =0
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5.16.12. Single-Phase Induction Motor

Example:

Find the forward slip for an eight pole induction motor with a stator frequency of
245 rad/s and a mechanical radian frequency of 62.5_rad/s.

Solution:

The first equation is needed to compute the solution.

SHMEE FLECTRICAL ENGINEERING Hs
LEap ﬂrﬂtilﬁ Excated OC Watar

rDC Zhunt Hotor

OC Z@raigxs Wotar

rF@rHangnt Maanet Hotor
rInductaion Hotaor I

rInduction Hotar IT

rSandle-Fhaze Inductaon Watar

P =
[Tb--pszxisu5315bﬁzxﬁrsiExiE =IF1
Synchronous Hachanes

| E¢h [YARsm| FICT | ST =] HALT |50
B = (A pl s -nH] S (03 pd ] S5

Eq: '=f=( Efi*ws—wm R =
ZF:

p: S
we: 25 s
w: 52, S_ =

Slip For ForHard fFlux

EDITVARS IVIEM] | J=0

SHMEE FLECTRICAL ENGINEERING Hs
LEap ﬂrﬂtilﬁ Excated OC Watar

rDC Zhunt Hotor

OC Z@raigs Wotar

St art ing

rInd Saluver,,

P =
[Tb--pszxisu5315bﬁzxﬁrsiExiE =IF1
Synchronous Hachanes

| E¢h [YARsm| FICT | ST =] HALT |50
B = (A pl s -nH] S (03 pd ] S5

Eq: '=f=( EHE*ws—wm R =
ZF:

p: S
we: 25 s
w52, SHARARERE =

Slip For ForHard fFlux

EDIT [ VARS |VIEM] | INF0 =0
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5.16.13. Synchronous Machines

Example:

Find the stator radian frequency and the maximum torque for a synchronous machine
with a mechanical rotational velocity of 31_rad/s. The motor has eight poles, a field
current of 1.8 A and experiences an applied voltage of 130 V.

Solution:

The first and second equations are needed to compute the solution.

SHEEE FLECTRICAL ENGINEERING #s
O Series Hotor

FerHanegnt Haanet Hotor

Induction Hotor I

Induction Hotor II

£ingle-Fhase Induction Hotor

MH= - P
THAxX=p~ 3= wEnIf=lg
FHA=Wa=Ia=C0s (3]
T=FHe- wH
T=2=PHa- [ (2-pl e

-ERFR|UAREEl FICT | 51 s HALT [HE0LY

2 tynchronous Hachings d
EEEI FHE

THAX
[ES

v e

il 1. SHEEEEEE_H
EE13E_%

Fullout torque

EDIT [ UARS [VIEM] | ALL [Hz0LY

2 rynchranous Hachines 3
EﬂEl -

ICE -2, 54516129 _HEm
Mms

warn 124 s

Tl 1. SHEEEEERE_H

EDi1za_N
Fullout torque
EDIT [YARS [VIEW] [ ALL [W=C

BEEE Choose Equations For WES S
-.-" ||.|-|_E.-':-:||.E:

an quIqxtﬂiiﬁﬁ
T=FH2-wH
T=2xFHa- ((2-p) <]

I I O T I (T T
SDIUIHE for ws

RI=H _F-=

Zero

VALUs| Eens fFREINTL | |E

Press (7OOL J to view all calculated results.
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6. Used Keys

The following keys are used by the TreeBrowser application, which provides the
environment for Electrical Engineering.

Keys while the TreeBrowser is active:
opens a tree
closes a tree

shows the equation if there is something to show and if one is on the
lowest level

shows variables (if there are any)
shows picture (if there is any)

sets or clears the user flag for using units with Sl units (user flag 60 and
61)

sets or clears the user flag for using units with English units (user flag 60
and 61)

shows help for TreeBrowser

temporary stops the TreeBrowser and gives access to the normal user
stack. One has complete control over the calculator at this point. If an error
happens by another program, for example, which is not covered by
TreeBrowser your calculator may crash. The purpose of these functions is
to allow simple calculations so that it is not necessary to leave
TreeBrowser for this. conT - brings you back to the TreeBrowser.

starts the solver if one is on the lowest level and the equation contains =.
System flag 30 controls if the solver of the HP 48SX or the solver of the
HP 48GX is used.

starts the Multiple Equation Solver, all equations of the lowest level are
grouped together. The equations should be related by topic to each other
if you want usable results (also see user guide of the HP 48GX).

cont - brings you back to the TreeBrowser.

double click opens or closes a tree

starts the solver if the equation contains =

toggles between the way equations are shown, if you provide a program
which tests system flag 13 it is possible to have two different appearances
of the equation.

TO0L J opens a choose box to select the equations which will be passed to the
Multiple Equation Solver.

shows variables (if there are any)

o
APPS) -
(wopE) :

s
=

. shows picture (if there is any)
. ends TreeBrowser

m
S
=

opens or closes a tree
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S
>

=

~

=2

ENTE

S

¥ U

Lo + [ Z|[32][3
< .

(» ¥/ : arrow keys to navigate or to move the screen
(A : one page up

¥/ : one page down

(A : first entry

¥/ : last entry

(® : move screen to the right
(4 : move screen to the left

choose font
toggle fonts

hide / show title
hide / show menu
integrated help

eys while an equation is shown:

previous equation
copies the current equation to the stack
next equation

system flag 80)

leaves the equation view and jumps back to the TreeBrowser
previous equation

: next equation

JaN (¥ : arrow keys to navigate or to move the screen

toggles between big and small appearance of the equation (changes
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7. Things To Do

In principle, it would be possible to extend Electrical Engineering with more equations

and/or more functionality.

Contact me directly in this case to examine what would be needed for this.
mailto:Software49G@gmx.de

Suggestions, criticism and/or improvements are welcome.

8. Version History

09.04.2012 Version 1.0 First public version.
01.01.2014 Version 1.01 Revised all equations.
9. Known Bugs

Version 1.01 Revised all equations, added some missing

equations, fixed some bugs in some equations.
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