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ή (Transfer function)
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) 12,100 ɘ

2 : 1.2*10 4 ɘor 12 kɘ

3 : 12.1*10 3 ɘor 12.1 kɘ

4 : 12.10*10 3 ɘor 12.10 kɘ

5 : 12.100*10 3 ɘ, or 12.100 kɘ, or 12,100 ɘ

: ± ƛ

) 1.0/3.0=0.33333 (x) =0.33 (O)

(ţ ) ±:

: ±= ± ʛ ±( )

(error) : ± ±ƛ

₩(accuracy): ± ʛ

₩(precision): ± Ɵ ἑ
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Coulombôs law
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Energy Conversion and Voltage Drop in a Resistance

̋ As electrons flow through each resistor,
some of their energy is given up in the
form of heat

̋ The same number of electrons flow at
each point throughout the circuit, but
their energy decreases as they move
through the resistance of the circuit



Energy and Power

̋ Energy(E) is the ability to do work : Energy is measured in joules (J)

̋ Power is the rate at which energy is used

One watt (W) is the amount of power when one joule of energy is used in one second

╟ḳ
▀

▀◄
Ў╔○



Power in an Electric Circuit

Answer:

Note that R 60W > R100W in parallel

Therefore, P 60W > P100W in series
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The Power Rating( ň) of Resistors

The power rating is the maximum amount of power that a resistor can dissipate
without being damaged by excessive heat buildup

Metal-film resistors: standard power
ratings from 1/8 W to 1 W

When a resistor is used in a circuit, its power
rating should be greater than the maximum power
that it will have to handle



Power Supplies

A power supply produces voltage across its output terminals and provides
current through the load

˾ Voltage Source

˾ Current Source



Voltage Sources in Series

̋ A voltage source is an energy source that provides a constant voltage to a
load

̋ Batteries and electronic power supplies are practical examples of dc
voltage sources

A battery is a typical voltage source

Ampere- hour ratings of batteries : Batteries have a certain capacity that limits the
amount of time over which they can produce a given power level; this capacity is
measured in ampere- hours (Ah)
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Resistors in Series

̋ A series circuit provides only one path for current between two points so that
the current is the same through each series resistor

RT = R1 + R2 + R3 + . . . + Rn

qVT =qV1 +qV2 +qV3 + . . . +qVn



Kirchhoffôs Voltage Law

̋ The algebraic sum of all the voltage
drops around a single closed loop in a
circuit is equal to the total source
voltage in that loop

VS = V1 + V2 + V3+ Þ + Vn



Ohmôs Law in Series Circuits

I T = V T/R T = I = V R/R

VR=I TR

̋ An open in a series circuit prevents current ; and, there is zero voltage drop
across each series resistor

̋ The total voltage appears across the points between which there is an open



Voltage Dividers

̋ Since each resistor has the same current , the voltage drops are proportional
to the resistance values

Vi = (Ri/RT)VT



Potentiometer as an Adjustable Voltage Divider

Potentiometer : ǯƛ pp.166- 67 



Position Transducers: 

Potentiometer as an Adjustable Voltage Divider
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Source: http://www.celesco.com/_datasheets/it9101.pdf



Volume Controller

Level Sensor



Resistors in Parallel

̋ Each current path is called a branch

̋ A parallel circuit is one that has more than one branch



Voltage in Parallel Circuits

̋ The voltage across any given branch of
a parallel circuit is equal to the voltage
across each of the other branches in
parallel



Application of a Parallel Circuit

̋ One advantage of a parallel circuit over a series circuit is that when one
branch opens, the other branches are not affected



̋ All lights and appliances in a home are wired in parallel

̋ The switches are located in series with the lights



Kirchhoffôs Current Law (KCL)

̋ The sum of the currents into a node (total current in) is equal to the
sum of the currents out of that node (total current out)

IIN(1) + I IN(2) + . . . + IIN(n) = IOUT(1)+ IOUT(2)+ . . . +IOUT(m)

The algebraic sum of all the currents entering and leaving a junction is
equal to zero



Total Parallel Resistance

̋ When resistors are connected in parallel , the total resistance of the circuit
decreases

̋ The total resistance of a parallel circuit is always less than the value of the
smallest resistor

1/RT = 1/R1 + 1/R2 + 1/R3 + . . . + 1/R n

RT = R1R2/(R1 + R2)



Current Dividers

̋ A parallel circuit acts as a current divider because the current entering the
junction of parallel branches ñdividesòup into several individual branch currents

̋ The total current divides among parallel resistors into currents with values
inversely proportional to the resistance values



Current - divider Formulas for Two Branches
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Power in a Series/Parallel Circuit

PT = P1 + P2 + P3 + . . .  + Pn

̋ Total power in a parallel circuit is found by adding up the powers
of all the individual resistors, the same as for series circuit
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Identifying Series - Parallel Relationships

̋ A series- parallel circuit consists of combinations of both series and parallel 
current paths



Analysis of Series - Parallel Circuits

R4//5=68*39/(68+39)=24.8, R4//5+R6=99.8

R2+R3=94, Rp=94*99.8/(94+99.8)=48.4, RT=148.4

IT=10/148.4=0.0674

I4//5=94/(99.8+94)*IT=0.0327, I4=39/(68+39)*I4//5=0.0162A

R1(100)

R2(47) R3(47)

R4(68)

R5(39)

R6(75)10V



Unloaded/Loaded Output Voltage

̋ When a load resistor RL is connected from the output to ground, the output
voltage is reduced by an amount that depends on the value of RL

ˏ ˏ

Loading Effect : ♇ Ἓ Ṩ ╥ ͙⁄
╥ ᴏ ˃╪ ṉ



Load Current and Bleeder Current



Loading Effect of a Voltmeter

Being in parallel, the internal resistance of the voltmeter will have a loading
effect on the circuit that is being measured; Modern digital voltmeters (DMM)
have an internal resistance of 10MW

If the meter resistance is at least ten times greater than the resistance across
which it is connected, the loading effect can be neglected: measurement error
is less than 10%

RM: voltmeterŚs internal resistance



Wheatstone Bridge



Balanced Wheatstone Bridge
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A Wheatstone bridge is used to precisely measure resistance

The unbalanced bridge is also used to measure some transducer quantities, such as
strain, temperature, or pressure

The bridge is balanced at a known point, then the amount of deviation, as indicated
by the output voltage, indicates the amount of change in the parameter being
measured

T: tension (+ strain)
C: compress (- strain)
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Theveninôs Theorem

The Thevenin equivalent voltage (VTH) is the open circuit (no- load) voltage between two
terminals in a circuit

The Thevenin equivalent resistance (RTH) is the total resistance appearing between two
terminals in a given circuit with all sources replaced by their internal resistances

Theveninõs 

Equivalent Circuit



Thevenin Equivalent Circuit

V2+3 = I (47+22) = (10/(169))*(47+22)

= 4.08284V
RA-B = 100+ (100*69)/(100+69)

= 140.8284 W



Thevenin Equivalent Circuit



Ex) Thevenin Equivalent Circuit
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Maximum Power Transfer

Maximum power is transferred from a source to a load when the load
resistance is equal to the internal source resistance
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Superposition Theorem

Some circuits require more than one voltage or current source

The superposition theorem is a way to determine currents and voltages in a
circuit that has multiple sources by considering one source at a time

+

=



Chapter 6

ˏ ˏ



Forces Gravitational Force Electric Force Magnetic Force

Origin Mass (M) Charge (Q) Magnet (Q m) = Moving Charge

Field Gravitational Field Electric Field Magnetic Field

ñLine of 
Forceò

Flux( ū) ( ~ M ) Flux( ū) ( ~ Q ) Flux ( ū) ( ~ Q m =Q v )

Strength Flux Density ũ=ū/A Flux Density D=ū/A Flux Density B=ū/A

M Q Qm

F ~ Q

D = ʌ/A

ʌ~ Q

q

F = qE

F ~ Qm

B = ʌ/A

ʌ~ Qm

ũ= ʌ/A

[Wb]

[T=10,000G]



The Magnetic Field

A permanent magnet has a magnetic field surrounding it

A magnetic field is envisioned to consist of lines of force that radiate from the north
pole to the south pole and back to the north pole through the magnetic material



Magnetic Flux

The force lines going from the north pole to the south pole of a magnet are called magnetic
flux (f); units: weber (Wb)

The magnetic flux density (B) is the amount of flux per unit area perpendicular to the
magnetic field ; units: tesla (T)

Magnetic flux, ɮ[Wb]

Magnetic flux density, B = ɮ/ A [T] or [G]



Magnetizing Materials

Ferromagnetic materials such as iron, nickel and cobalt have randomly oriented magnetic
domains, which become aligned when placed in a magnetic field , thus they effectively
become magnets



S



Altering a Magnetic Field

When nonmagnetic materials such as paper, glass, wood or plastic are placed in a
magnetic field, the lines of force are unaltered

When a magnetic material such as iron is placed in a magnetic field, the lines of force tend
to be altered to pass through the magnetic material



Electromagnetism

Electromagnetism is the production of a magnetic field by current in a conductor

Electromagnets are used in devices such as tape recorders, electric motors, speakers,
solenoids, and relays

When current passes through a conductor , an electromagnetic field is created around the
conductor ; Magnetic field is stronger close to the conductor



Magnetomotive Force(ˏ )

Current in a conductor produces a magnetic field

The force that produces the magnetic field is called the magneto- motive force (Fm); It
depends upon the number of turns (N) of wire, and the amount of current (I) through
the wire

Fm = Ni

Magnetization Force( ) (H) H = Fm/L = Ni/L

Origin Charge (q) Moving charge (q m)

Flux & Its Density D = ū/A B = ū/A

Force creating field V Fm (=Ni)

Field Strength E = V/L H = F m /L

Strength & Flux Density D = ȄE B = ȋH

Coefficient Permittivity Permeability

Materialôs Response I Ⱥ

Resistance R=V/I Rm=F m /Ⱥ

ReluctanceResistance



Permeability

Permeability (m) is the ease with which a magnetic field can be established in a given
material ; The higher the permeability, the more easily a magnetic field can be established

Relative permeability (mr) of a material is the ratio of its absolute permeability (m) to the
permeability of a vacuum (mo)

B

H

B = ȋH

ȋo

B = ȋo H In vacuumȋ

In a material

ȋr = ȋ/ ȋo



Magnetic Hysteresis

Hysteresis describes the characteristic of a magnetic material that causes the change
in magnetization to lag behind the application of a magnetizing force



Magnetizing a Material

When a magnetic material is exposed to a magnetizing force, it will remain magnetized even

with the magnetizing force removed; this is termed retentivity ( ); Coercive force Hc

( )

Material Retentivity

Permanent magnets and magnetic tape require high retentivity

A tape recorder read/write head, electric motor, transformer requires low retentivity

Low retentivity is desirable in electric motors, since the residual field must be overcome
each time the current reverses, thus wasting energy



Faradayôs Law

The voltage induced across a coil of wire equals the number of turns in the coil times the
rate of change of the magnetic flux

T L &bF/dt)



Lenzôs Law

When the current through a coil changes, the polarity of an induced voltage created by
the changing magnetic field is such that it always opposes the change in current
that caused it

+ -

ñ ˏ Ɵ ò



Electromagnetic Induction
( ˏ ₩)

When a conductor is moved through a magnetic field , a voltage is induced across the
conductor

This principle is known as electromagnetic induction
˾ The faster the relative motion, the greater the induced voltage
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DC Generator

d /dt

A B C D

t

V= - d /dt







Motor Action

When a current flows through a wire that is in a magnetic field, the direction of current
flow will result in the magnetic field being weakened on one side, and strengthened
on the other

F = q ( E+ v x B)
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Counter Electro Motive Force ( ˏ )

V

R

V

R

t

I

V/R

V = IR + v

V = IR + v
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Hall Sensor

Position Sensor

Solenoid Valve

Magnet Switch



Solenoid



Relay

Speaker



Meter Movement



Magneto -optical Disk

Magnetic Tape / Disk Head
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Sine Wave( )

The sine wave is a common type of alternating current (ac) and alternating voltage

(ˏT=1/f)
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Period of a Wave

The time required for a sine wave to complete one full cycle is called the period (T)

Frequency of a Wave

Frequency (f ) is the number of cycles that a sine wave completes in one second

˾ The more cycles completed in one second, the higher the frequency

˾ Frequency is measured in hertz (Hz)

Relationship between frequency ( f ) and period (T) is:

f = 1/T



Instantaneous Values  of Sine Waves

The instantaneous values of a sine wave voltage (or current) are different at different points
along the curve, having negative and positive values

Instantaneous values are represented as:

v and  i

Peak Values of Sine Waves

The peak value of a sine wave is the value of voltage or current at the positive or negative
maximum with respect to zero

Peak values are represented as:

Vp and Ip

Peak- to- Peak Values

The peak- to- peak value of a sine wave is the voltage or current from the positive peak to
the negative peak

The peak- to- peak values are represented as:

Vpp and  Ipp

where: Vpp = 2Vp and Ipp = 2Ip



Average Value of a Sine Wave

The average value is the total area under the half - cycle curve divided by the distance in

radians of the curve along the horizontal axis

Vavg = 0.637 Vp

Iavg = 0.637 Ip

V Vavg = 0.637 Vp

Vp



RMS Value ( ±) of a Sine Wave

The rms (root mean square) value, or effective value, of a sinusoidal voltage is equal to the dc

voltage that produces the same amount of heat in a resistance as does the sinusoidal

voltage

Vrms = 0.707 Vp

Irms = 0.707 Ip

V2

V2
p
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Phase Shift ( )



Phasor

Sin(ɗ)

Cos(ɗ)

ǩ

V(t) = Vm Cos(ɤt+◖) V = VmÑ◖

Phasor



Add Sinusoids using Phasor

() ( )A45cos201 -= ttv w

() ( )A60sin102 += ttv w

A45201 -Ï=V

A30102 -Ï=V

A

AA

7.3997.29

14.1906.23

5660.814.1414.14

30104520

-Ï=

-=

-+-=

-Ï+-Ï=

+=

j

jj

21s VVV

() ( )A7.39cos97.29 -= ttvs w

vs = v1 + v2



ǯ



)(cos)()()(

)cos()(

)cos()(

2 tIVtitvtp

tIti

tVtv

mm

m

m

w

w

w

==

=

=



Superimposed DC and AC voltages



AC Generator

The ac generator has slip rings that pick up the induced voltage through a complete
rotation cycle

The induced voltage is related to the number of lines of flux being cut . When the loop is
moving parallel with the lines of flux, no voltage is induced. When the loop is moving
perpendicular to the lines of flux, the maximum voltage is induced
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Pulse Waveforms

A pulse has a rapid transition (leading or rising edge) from a baseline to an
amplitude level, then, after a period of time, a rapid transition (trailing or
falling edge) back to the baseline level

Pulses can be positive - going, or negative - going, depending upon where the
baseline is

The distance between rising and falling edge is termed the pulse width



Non- ideal Pulse

A non- ideal pulse has a rising and falling time interval, measured between 10%
and 90% of its Amplitude

Pulse width is taken at the half - way point



Repetitive Pulses

Any waveform that repeats itself at fixed intervals is periodic

The time from one pulse to the corresponding point on the next pulse is the period,
T ( f =1/T )

The duty cycle is the ratio of the pulse width (t w) to the period (T), and is usually
expressed as %

Duty cycle = ( t w/T)100%

Square waves have a 50% duty cycle



Triangular and Sawtooth Waveforms

Triangular and sawtooth waveforms are formed by voltage or current ramps
(linear increase/decrease)

Triangular waveforms have positive - going and negative - going ramps of equal slope

The sawtooth waveform is a special case of the triangular wave consisting of two
ramps, one of much longer duration than the other . A sawtooth voltage is
sometimes called a sweep voltage



Harmonics (ſ )

A repetitive non- sinusoidal waveform is composed of a fundamental frequency
(repetition rate of the waveform) and harmonic frequencies

Odd harmonics are frequencies that are odd multiples of the fundamental
frequency

Even harmonics are frequencies that are even multiples of the fundamental
frequency

Composite waveforms vary from a pure sine wave, they may contain only even
harmonics, only odd harmonics or both
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Velocity of Sound:
~ 340 m/s (air)
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Guitar Oscillations Captured with iPhone 4



Odd Harmonics Produce a Square Wave



K_pw J, @m_q* Af_n, 5 Dmspgcp Qcpgcq gl K_rfck_rga_j Kcrfmbq gl rfc Nfwqga_j Qagclacq* 0nd Ed. John Wiley & Sons, Inc.



Oscilloscope



Volts / Div ƛ Sec / Div 





Electronic Signal Generators

In the lab, we usually use a signal generator to produce a variety of waveforms at
a wide range of frequencies

˾ An oscillator in the signal generator produces the repetitive wave

˾ We are able to set the frequency and amplitude of the signal from the signal
generator
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Basics of a Capacitor

a capacitor is an electrical device constructed of two parallel plates
separated by an insulating material called the dielectric

Q (A/d) V

Q = e(A/d) V

Q = C V where C = e(A/d)



̋ The amount of charge that a capacitor can store per volt across the plates
is its capacitance (C)

̋ The unit of capacitance is the farad (F)

̋ Most capacitors in electronics work have capacitance values of mF (10- 6 F) or
pF (10- 12 F)

Q = e(A/d) V

̋ The measure of a materialôs ability to establish an electric field is called the
dielectric constant (e)

˾ Capacitance is directly proportional to the dielectric constant



When an applied source voltage is maintained,

When a stored charge is maintained,

Qo = eo(A/d) V Q = e(A/d) V Q/Qo = e/eo= er

Vo = Qo/Co V = Qo/C Vo/V = C/Co = e/eo= er



(a)                              (b)                              (c) 

E = V/d

V = E d < Vo

Vo/V = k


