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(error): + + A

Waccuracy). £ G

¥recision): + S €
t )=+
) 12,100 5
2 :1.2*10 4 9 or 12 ks
3 :12.1*103 9 or 12.1 ks
4 :12.10%10°3 9 or 12.10 ks
5 :12.100*10 3 9, or 12.100 ko, or 12,100 s

+ A
) 1.0/3.0=0.33333 (x) =0.33 (O)
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1 d
F= 2 327 @ o —
Coul ombods | aw Reference charge
which creates electric field around itself
a 1C=6.25*10 18 »

le=16 101° C

1C e e 1J e ~ € V= w [V=J/C]
. dl

e ~ € / = —q [A:C/S]
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Ohnm&s Law

Ey= mgh / . m
¥

V=IR

\Y
Ey= qEx ‘ q
R - E= AV /Ax
F =qE
0
\Y
I~V
Current
S €« =
~ -~ |Ew=qV
F =qE
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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

® Most energy
@ Less energy
— Least energy

Heat

AAAAAA




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

P=Eh

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

in one second
Air conditioner 860
Blow dryer 1300
Clock 2
Clothes dryer 4800
Dishwasher 1200
Heater 1322
Microwave oven 800
Range 12,200
Refrigerator 1800
Television 250
Washing machine 400

Water heater 2500



Power Iin an Electric Circuit

P=VIl
(P=V*dQ/dt=dE /df)

Sqgle Mfk g j _u*

P=I°R and P = V4/R

Which bulb will glow brighter?

60 W 100 W
B Y
A - £

200v°



The Power Rating( n ) of Resistors

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

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

|

o

11

Metaktfilm resistors: standard power
ratings from 1/8 Wto 1 W

STANDARD ELECTRICAL SPECIFICATIONS
RESISTANCE RATED POWER LIMITING ELEMENT TOLERANCE | TEMPERATURE
MODEL SIZE RANGE Pasoc VOLTAGE U, o, COEFFICIENT
Q W v £ + ppm/°C
RPS 500 500 0.24 to 1M 1) 500 5000 1,2,5,10 150

Mote
1 E24 series



Power Supplies

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

Voltage Source

Current Source

(b)

472 2-13(b)

TAXRIHRIZEX (K& : Tektronix, Inc, Reproduced by permission,)
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)



Voltage Sources in Series

7

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

7

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

(a) Flashlight with series batteries (b) Schematic of flashlight circuit
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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

3 One path, A to B

A - + B +
—Q0 B
< One path,
AtoB § § § § §
o_.

One
path,
AtoB

One path,
AtoB

(a)

qVy =gV, +qV,+qVs+ ... +QV

n

1
R,=R,+R,+R,+...+R



”

Kirchhoff s 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

Vg=V,;+V,+V;+ é + V

o
C

1.5V 1.5V 15V

L Y S P

@




Ohma Law in Series Circuits

l: = V/Ry =1= VR

Vo=l R

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

| \I+
50 !
R, |8y, 509§ v1=(—)vs=(?)lov=3.33v

150
+ e +
A 10V Ry =150Q

J T -

The source voltage is applied between (b)
these two terminals. This notation is
equivalent to a battery symbol.

(a)

Vi = (R/R)V;




Potentiometer as an Adjustable Voltage Divider

[+

(N

(b)

(©)

Potentiometer

pp.166-67

Do



Position Transducers: Potentiometer as an Adjustable Voltage Divider

Source: http://www.celesco.com/ datasheets/it9101.pdf

Precision Potentiometric Output
Ranges: 0-105° to 0-240° IT9 1 0 1
Industrial Grade

ce

GENERAL
Rudder shaft Available Full Stroke Ranges ........................ _.0-105 to 0-240 degrees
Enclosure Material Optlons powder painted aluminum or stainless steel

Sensor . - plastlc hybnd precision potentiometer
Electrlcal Connector . ~.MS3102E-145-6P
Mating Plug (included) ... . _MS3106E-145-65
Weight, Aluminum (Stalnless Steel] Enclosure ................5 Ibs. (10 Ibs.) max.

Rudder " ELECTRICAL .
. Output Signal ........ voltage divider (potentiometer) =

ERELE LR LA LS Dl
RZ Recommended Maximum Input Voltage. .. IR .30 V (AC/DC)

Output Signal Change Over Measurement Flange 99% = 6% of input voltage

(0] S PERFORMANCE
R + R2 Accuracy”™ .. e e 1% full stroke
Accuracy Option... .. 0.5% full stroke—please contact factory
Resolution . . - _essentially infinite
*—awhen plane ofpendadam mation pdmﬂef .rop.ﬁme ofromrmn wxr.{rm +3°

The model IT9101 is a rugged and simple device
which provides a voltage divider feedback signal
for incline position. The heart of the IT9101 is

ENVIRONMENTAL a magnetically-damped pendulum coupled to a
Enclosure .. . .NEMA 4/4X/6, IP 67/68 conductive plastic precision potentiometer.
Operating Temperature -30° to 200°F (-34° to 90°C)

Vibration .. UplO10GSlO 2000 Hz maximum  a highly linear relationship between inclination

and the output signal is maintained over the full
range of the IT9101.

Muthine Nrawina
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Resistors in Parallel

Each current path is called a branch
A parallel circuit is one that has more than one branch

_ s 4 — I[ L 3 _ y e <] ®
- L \gkl T \gzel |§R {gz« \gze
R ¥, M’ || et |

(a) (b) (c)
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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

(a) Pictorial

|
I
V=12V

(b) Schematic



V4

Application of a Parallel Circuit

One advantage of a parallel

circuit over a series circuit
branch opens, the other branches are not affected

is that when one

©

Right

Lights switch High-beam switch
o o No—e— o——
- >~
+
OO RO OFORO RO
Left Right Left Right Left Right Left
| S | | S —
Brake |© Brake Taillights Low-beam High-beam
switch lights headlights headlights
- Chassis

ground



All lights and appliances in a home are wired in parallel

The switches are located in series with the lights

R S [ ]
T 5 B
:—% :—% J J

OO

(a) Simplified diagram of room wiring




Kirchhoff & 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)

Ingy Flng t-- - 1 ing = louty F loute) + - - - H ourm)

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/R; =1/R, +1/R, +1/R; +...+1/R |

Rr =RR/(R; +Ry)



Current Dividers

7

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

V4

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




Current - divider Formulas for Two Branches

1_1_1_R+R r = RR
R R R RR R,+R
VTZITRT
2V LR _RRAR+RY), o R
"R R R R " R+R, '
R




General Current - Divider Formula

RRAR*RY),
R

:&|
F\)_L T

|, =

i = (Ry/R)I;




(1) :
(Ammeter Shunt)




Reference Ground (




Power in a Series Circuit

Pr=P, +P, +Ps+... +P |

Power In Parallel Circuits

Total power in a parallel circuit is found by adding up the powers of all the
individual resistors, the same as for series circuits

P, =P, +P,+P,+...+ P,
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ldentifying Series - Parallel Relationships

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

Blue groups Beige groups
'\/W L e ,WV - & =0
are in are in series.
R parallel. i—» R¢ ¢
B RS B
A A

§ R; are in series.

Co @ Co
(a) (b)

Rs

@
§ R, § R,
R,and R,
@




Analysis of Series - Parallel Circuits

— R,(47) — Ry(47)

R,(100y——

R,(68) ™7
10V —+ { J‘ Rs(75) —

— Re(39) ——

R,,=68%39/(68+39)=24.8,  R,,s+R,=99.8
R,+R,=94, R,=94%99.8/(94+99.8)=48.4, R;=148.4
1,.=10/148.4=0.0674

|,,5=94/(99.8+94)%1=0.0327, 1,=39/(68+39)*|,,:=0.0162A



Unloaded/Loaded Output Voltage

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

(a) Unloaded (b) Loaded

Loading Effect e "ES . ./
T ANo >%n



Load Current and Bleeder Current

RLI
100 kQ

It
4 )
R] §
12 k() | Fos
A ®
% = B § I,
24V 7T 62KkQ ! : S
B @
R; . Ko
6.2 k() | - 100 k()
I EEDER = I3

g



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%

|+
|+

() ©
Ry voltmeterSs internal resisi




(a)

Wheatstone Bridge




Balanced Wheatstone Bridge

= R | 5
R,+R R, +R

l,

1 1
1+R/R 1+R/R,







R

therm

1.0 k() @ 25°C

=% A0IX|(SG)

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

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
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Theveniné Theorem

The Thevenin equivalent voltage (V1) is the open circuit (no-load) voltage between
two terminals in a circuit

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

resistances

MWy

Ry

12

Theveni nad]

Equivalent Circuit T_

Vi

(b)
S710122 AP | EEXI2= ME 18 + QiCh

L[

% 5-39 E 32k EX



Thevenin Equivalent Circuit

R, R,
100 ) 100 Q)
AMY———-M—o
4710
S — ‘/w 3} - \/"
v == " "
22 K)
— Y
L O B

(a) The voltage from A to B is Vg and equals V, 5.

R, is in series with R, Il (R, + R;).

R, R,
100 100 Q

M Ao 4
Vg replaced R R,
by sh()l'l\]‘o is in 47 Q)
parallel h Rii
Q with / R
R, + R;. 3
- ’ 22%)

O B
(b) Looking from terminals A and B, R, appears in series
with the combination of R, in parallel with (R, + R3).

Vo5= 1 (47+22) = (10/(169))*(47+22) Ry R, = 100+ (100*69)/(100+69)
= 4.08284V '\'V\' oA =140.8284N
141 Q)
+
VTH S
408V "=
OB

(c) Thevenin equivalent circuit



Rl
+ Ry
— Vi
_ R,

& ¥ R, +R;
a - = ——————
) ViHuo) Ry + R, + R,

Vg

Thevenin Equivalent Circuit

|+
I

(b) Riygpaey = Ry (R, + R3)

TR AR}
B AtO|0i|A

IR AR}

< C AO|0]| M

He 7o
=11 [ |

o



Ex) Thevenin Equivalent Circuit

O 5-47 RS0l st
K{gl0| HHE FEAELAIX|=
ChASH X142 3|2 7} ofLC}

0—0
= 'll_‘—“'u""m"'v—""hl"'v'"v'—'
= =
: =
b ()
=0
= =
ES [ 5]

Ry =(R11Rs)+ (R, [ Ry)

Lol
=
[}
=




Maximum Power Transfer

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

R =12R =

Source

Vs

Qggpe

R +R

Qooy,

0.4

L
o
w

Load Power, P

©
[E=N

0.0

B x=R /R

1 ) 1 ) 1 ) 1 ) 1 ) 1 )
0.0 0.5 1.0 15 2.0 2.5 3.0

Ratio of Load Resistance to Source Resistance, RL/RS



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

+ Ry
Vg ——m

il

() 2H: 1,Z 23121,

;\M

+ Ry
Vs | f:.:m-.T R,

AW\‘

Ry

I

(d) Vg0l thgt I,E etk

R.
"1r51)= (m) 'rTiSlJ

+
T V52

R‘|'[5'|':, = R] + Rj" .R_:J__
Iresty = Vsi/Ryspy

+ Rl R.'i +
Vs1 == hmJT T‘sz:. T V2
(h) MU=

MEEE ﬂEH = Hdsict, fzrt.]jJ—f ';2{“2}'—

= c:-t:: 0|22 & MRE HaljM IEE HAbE:
Iy=Dygiy+ s
e Rl R] +
Ir(s2y = VaalRys2) X(s2 _T

(g) Vg,0ll LB 1,5 78

R]
fzr_::z:. = (m)fma
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Forces Gravitational Force Electric Force Magnetic Force

Origin Mass (M) Charge (Q) Magnet (Q ) = Moving Charge
Field Gravitational Field Electric Field Magnetic Field

ALine of _ _ _ _

Force o Flux(a)(~M) Flux(0)(~Q) Flux(0)(~Q ,=Q V)

Strength Flux Density G=0/A | Flux Density D=u/A

Flux Density B=u/A

NPT AT N
7 S Z\N

A~ Qm [Whb]



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

(a) M2 CHE K52 205700,

IEM M2 XA Lol 2 X18H 5 YRS LIEH
20|k, = dmm |8 N N S |

(b) M2 T2 x5S HiEsich



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, & [Wb]
Magnetic flux density, B=R/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

W WA K N a a a a d
ISP o Q| Na a a a as
Qa2 l SNy a a a a a
(a) The magnetic domains (N <] S) are (b) The magnetic domains become aligned
randomly oriented in the unmagnetized when the material is magnetized.

material.






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

I 1
| |
| |
I J
| |
L |

=

wal

(a) (b)
T8 6-3  (a) HIX-SHI2} (b) XHSHIS| XH[oil chet S

re
st



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

Compass

[ron filings
¥ @
s v >

-

(a) (b)



Magnetomotive Force( )

Current in a conductor produces a magnetic field

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

F, =Ni
Magnetization Force( )(H) H=F/L=NiL
Origin Charge (q) Moving charge (9 )

Flux & Its Density D= 0/A B= 0/A

Force creating field V F., (=Ni)
Field Strength E=VIL H=F /L

Strength & Flux Density D= EE B=1 H

Coefficient Permittivity Permeability

Material dés Response | A

Resistance R=V/I Rn=F /A

Resistance Reluctance



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 (m) of a material is the ratio of its absolute permeability (nm) to the
permeability of a vacuum (m)



Magnetic Hysteresis

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

B B B
A A Saturation A A
[;\lll = I [gk ///’_ - //—;_; L
v
| / f
H : H 4 H o H\&ll
0 - 0 R H=0  _g 0 }
|
|
T _[3\“1
Saturation Y-B
(a) (b) (c) (d)
B B
A A A
————- Bt - H
7 - (2/ C
/ /
/ /
} H = 0 | |
< f > -« T t > H - > H
= H I' 0 / 0 szll - H
/) -8 /
wiiammet| SR . +H, +H,
Y-B Y Y-B

(e) (f) (2



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 H. ( )

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



FaradayG 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

(a) As the magnet moves slowly to the right, its magnetic field (b) As the magnet moves more rapidly to the right, its magnetic
is changing with respect to coil, and a voltage is induced. field is changing more rapidly with respect to coil, and a
greater voltage is induced.

T LF /d& b



Lenzés 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

(a) As the magnet moves slowly to the right, its magnetic field (b) As the magnet moves more rapidly to the right, its magnetic
is changing with respect to coil, and a voltage is induced. field is changing more rapidly with respect to coil, and a
greater voltage is induced.



Electromagnetic Induction
( . ¥

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

0

!



V

PV

DC Generator

714121

5

d /dt

- d /dt
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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 xB)

4+
N ® S N ® S
\ 4

(a) Upward force: weak field above, strong (b) Downward force: strong field above,
field below. weak field below

@ Current in
(® Current out
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Counter Electro Motive:Forces( (< '|115)

i
vV=—L—
dt N V=IR+v
R = 1
AN I
o - VIR
A0 g
I |
||
Y,
t
dd
v —NE

V=IR+v

<



o 0,do
=-N—=K =K
v dt dt Pow
T=kQ,l,
V = IARA + v
AR P
\ v:KQOw:V_IARA
Ry R, E{lr ~ o~ W OWE £ Q
| V — LR,
w =
AERI Ko,
| 517 |x}
- E3 _ V. _laRak0o
(a) (b) KD, K@, kD,
T8 6-46 B2H RS9 =t ES-&5 EY V R4

— T
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dd ?,do
— —_N—=K — K
v dt dt Do
£ O
T — koOIA e - f( e e,
Ay
l L& &t HXFEM
. LH
x= ot F|x} A
F—] = E3
AWy |
£EH[017] EIHM e3
(a) (b)
JE 6-45 HEXREST| KRt ES-E5 4
V:IARA'l'IFRF'l‘IcRc'l'v IA:IF:IC

v
V=V—IA(RA+RF+RC) =K®0w<_'_®0=CIA T=k®01A
[
T
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- KCl, VkC
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Magnetic Tape / Disk Head
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Chapter 7



The sine wave is a common type of alternating current (ac) and alternating voltage
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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 (7 ) 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 ( 7) and period (T) is:

f =1t



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 7/

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:
V,and |,

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:

V

o and |

pp

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

Y




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

Vims =0.707 V,,
lms = 0.707 1,
V2p ______
A
I ! 2 e f _ / 2 _ ./ _ —
2 . "_E( 2)avg: 5 U{U) ----- > (Vz)avg_ 05 (Vp) B 0'5%_0'707%:][4”15
V I :
I !
| .
| = e |
0 l T > : V2 (Vz)avg (Vrms)z:
¢ B @ P =g 2 Fwg = =5
i Vs = 0.707 V|
v i
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General Expression of a Sine Wave

Positive maximum
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\/ > Time (7)

Negative maximum

v =\,Sin(g)
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Phasor
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Add Sinusoids using Phasor

v,(t) = 20codut - 48 V, =20 - 458
v,(t) =10sin{ut +60') V, =10 - 30°
Vo=V + Vs Vs =V +V,

=201 - 45*+10l - 30*
=14.14 - j14.14 +8.660 - /5
=23.06 - j19.14

v,(t) = 29.97cos(ue - 39.7) =29.971 - 39.7
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V() =V, cos(wr)
/(t) =/, cos(wr)
p(t) =v()i(t) =V, 1, cos*(nr)
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Superimposed DC and AC voltages
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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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Alternators (AC Generator)
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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

0.1A

(a) Rise and fall times (b) Pulse width



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(7F=UT)

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

Duty cycle = (t ,/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 ([ )

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



For a wave that is confined within a finite space
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Guitar Oscillations Captured with iPhone 4




Odd Harmonics Produce a Square Wave
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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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Chapter 8

Capacitors



Basics of a Capacitor

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

Q (Ad)V

Q=e(A/d) V

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







