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Complex numbers

« Complex numbers provide a compact way of describing amplitude and phase (and
the operations that affect them, such as filtering)

Complex number z = x +jy  (xandy realvaluedj = \/—1, )

e =cosf+jsinf

r=lz| = V2 + |
X

§ = arg(z) = tan™! Y
x




Analog isaret

Analog isaret, genlikleri ve frekanslari farkli sinus
dalgalarinin toplamindan olusur.

Frekans, bir saniyedeki titresim sayisidir. Tersi ise
periyottur. Yani periyot bir tek titresimin suresidir.

Analog isaret, cok sayida frekans bilesiminden
olustugundan isareti islemek zordur. O nedenle frekans
domaininde iglenir.

Frekans spektrumunda isaretin bagladigi ve bittigi
frekans araligi bant genigligini verir.



Analog Isaret

Analog isaret: isareti belirleyen temel dzellikler
genlik frekansi, faz ve bant genisligidir. Analog
isareti; genligi, frekansa ve faza bagli olarak
zamanla degisen igarettir.

X(t) = A(t). sin(2rft +¢)
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Metric Expressions

Exp. Explicit Prefix | Exp. Explicit Prefix
1073 0.001 milli 10° 1,000 | Kilo
10°® 0.000001 micro | 10°® 1,000,000 | Mega
10~ 0.000000001 nano 10° 1,000,000,000 | Giga
1072 | 0.000000000001 pico 1g'2 1,000,000,000,000 | Tera
107" | 0.000000000000001 femto | 10" 1,000,000,000,000,000 | Peta
107'® | 0.0000000000000000001 atto 1o 1,000,000,000,000,000,000 | Exa
102" | 0.0000000000000000000001 zepto | 107 1,000,000,000,000,000,000,000 | Zetta
10724 | 0.0000000000000000000000001 | yocto | 10%* | 1,000,000,000,000,000,000,000,000 | Yotta

Circuit guantities and component values have extreme ranges in electronic circuits.

It is not uncommon to have values such as 1,200,000,000 Hz and 0.00000000047 F in the same
circuit.

For this reason, metric prefixes and engineering notation are used to simplify communications and
computations.



UNITS OF LENGTH

1 inch (1n)
1 foot (ft)

1 vard (vd)
1 meter (m)

1 kalometer (km)

1 statute mile
(sm or stat. mile)

ik

1 nawtical mule

(nm or naut. nule)

2.54 centimeters (cm)
3048 cm=03048 m

0.9144 meter
3937 inches

0.54 nautical mile
0.62 statute mile
1093 .6 yards
32808 feet

0.87 nautical mile
1.61 kilometers
1760 yards

5280 feet

1.15 statute miles
1.852 kilometers
2025 yards

6076 feet

UNITS OF SPEED

1 foot/sec (fps)

1000 fps

1 kilometer/hr

(km/hr)

1 mile/hr (stat.)
(mph)

1 knot*

0.59 knot (kt)*
0.68 stat. mph
1.1 kilometers/hr

G600 knots

0.54 knot
0.62 stat. mph
0.91 ft/sec

0.87 knot
1.61 kilometers/hr
1.47 ft/sec

1.15 stat. mph
1.69 feet/sec

1.85 kulometer/hr

= 0515 m'sec
1 furlong 1/8 mi (220 yds) *A knot 1s 1 nautical mile per hour.

Unitz Inches Fegt fulile = Certimeters Meters
1inch = 1| 00B33533353 QoO277rFTe | 0000015 7E2 835 254 00254
1 foot = 12 1 | 0335333553 0000189393 9 3045 05045
1 vard = J6 3 1 | 000365151 5 a91.44 09144
1 mile = B3 360 o280 1760 1 | 1609344 1609544
1 certimeter = 033370035 0.032 505 40 O0M093x 13 | 0.00006 213 M2 1 001
1 meter = J4.37003 3.2450 540 1.093 613 0000621 37 2 100 1




UNITS OF VOLUME

1 gallon

1 fl ounce

1 in°

3.78 liters

231 cubic inches
0.1335 cubac fi
4 quarts

8 pints

29 57 cubic centimeter (cc)
or malliliters (ml)

16387 cc

UNITS OF AREA

1 sq meter
1sqin
1 mul

1 acre

Ik

Ik

10.76 sq ft

645 sq millimeters (mm)
1,000,000 sq muil
0.001 mnch

43560 sq ft

UNITS OF WEIGHT

1lalogram (kg) = 2.2 pounds (Ibs)
lpound = 045Kg
= 16 ounce (oz)
loz = 4375 grains
lcarat = 200mg

1 stone (UK.) 6.36 kg

NOTE: These are the US. customary (avoirdupois) equivalents, the froy
or apothecary system of equivalents, which differ markedly, was used long
ago by pharmacists.

UNITS OF POWER / ENERGY

1HP. = 33,000 fi-lbs/min
= 550 ft-lbs/sec
= 746 Watts
= 2545 BTU/hr
(BTU = British Thermal Unait)

¥

1 BTU

¥

1055 Joules
778 ft-Ibs
0.293 Watt-hrs

Ik

v




Quantities

Symbol Unit Quantity
v volts EMF
A amperes current
0 ohms resistance
C coulombs charge
s seconds time
w walts power
F farads capacdtance
Hz cycles/s frequency
K Kelvin temperature




Wavelength: The distance between repeating

units of the propagation wave

isaretin 1 saniyedeki tekrarlama (cycle-
saykil) sayisidir. Birimi Hertz'dir.

Frekans f=1/T formiliyle hesaplanabilir.
Burada: f = Frekans, T= Peryot ‘tur.

f=1 KHz=1000Hz=10"3 Hz, f=1 MHz=1 000
000= 1076 Hz, f=1GHz=1 000 000
000=10"9 Hz

A=Isik hizi / frekans = ¢ /f (metre)

Band genisligi:

B=Veri hizi (bps)/(Kodlama orani x Sembol
orani X FEC ), Hz olarak bulunur.

Bir isaretin alt frekansi =f1, Ust frekansi=f2
ise isaretin band genigligi BW=f2-f1 dir.
Peryod: Bir x(t) analog isarette

X(t+T)=x(t) olacak sekilde T positif bir

sayl ise Bu isaret peryodiktir. T degerine
periyod ve f=1/T (Hz=1/sec) peryodun
tersinede frekans denir. Frekans 1
saniyedeki peryod sayisidir.
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Lojik Kapilar

AMND OR.
] Dogruluk tablosu:
—: Z o A[B[OR [AND|[NOT| NOR | NAND EXOR
MNAMD MOR ; A+B | A*B A (A+B) | (A*B)Y’ | (A’*B+A*(B?)
] 0(0| 0 0 1 1 1 0
| P j}w 01 1 0 1 0 1 1
10| 1 0 0 0 1 1
11| 1 1 0 0 0 0
WEYA KAPIS DEGIL KAFISI
A . : A . . WE'YA DEGIL KaPISI UE DECI] K AP
:| —C  Simgesi 5 . . VE DEGIL F A PISI
B o Rt 5$1Dg||:e3| A—{o-C Simgesi Aot Singes . —
q o Giis B g B T p-c Simgesi
B Gkig 5 Cikig A A A
.. C i C k, Cikig
Girigler . Girigler _ I apiz Ciks B CIE@ B - .
= lg Y apiz L | Yapis B %alt Girigler _ Girigler o Vap
Byl 1 ¢ Tapm 5alt
Formiiller 0 Degeri Verildiginde 1 Degeri Verildiginde Sadelestirmeler
A.0=0 A=0ise, 0, 0=0 A=1lise, 1. 0=0 (A+B)=(B+A)
A 1=A A=0ise. 0. 1=0 A=lise ] 1=1 A+B)+C=A+B+C)=A+B+C
A+0=A A=0ise, 0+0=0 A=1lise, 1+0=1
A+1=A A=0ise 0+1=1 A=lise, 1+1=1 e e
A A=A A=0ise.0.0=0 A=1lise ]l 1=1 e )
A+A=A A=0ise. 0+0=0 A=1lise. 1+1=1 (A.B)*(A.B)=ACB
A A=0 A=0ise,0.1=0 A=1lise,] 0=0 (A;B%:_A'-B‘;
A+A=1 A=0ise, 0+1=1 A=1lise, 1+0=1 e

N o N o N (A'.B)+(A.B)=(A@B)
(AY=A A=0ise, A'=1,(A) =0 A=lise, A'=0,(A) =1 (A By=A+B



Elektrik uretim cesitleri

 Termik santral

« Hidrolik santral
 Ruilzgar santralleri
« Jeotermal enerji

« GUnes enerjisi



MADDENIN ELEKTRIKSEL DURUMLARI

Yuksek

Direng

Dusuk

Lastik

Porselen

Plastik
Izolasyon malz.

Indiyum arsenid
Silikon
Germanyum
Galyum arsenidi

Altin
GUmus
Bakir
Demir




BIR ILETKENIN DIRENCI

1. Sicakligina : Sicaklik arttikga direnci artar.

2. Uzunluguna : Uzunluk arttikca direnci artar.

3. Kaesitine . Kesiti arttikga direnci azalir.

4. Ozdirencine : Ozdirenci arttikga direnci artar.

Noise, Coupling, Repeaters, Crosstalk, Delay



Uniform cross section Variable cross section
e Length of wire: L e Cross-sectional profile: A(z)
e Area of cross section: A o Resistance of slice: dR — pdx
e Resistivity of material: p A(z)
. E 2 . . = dx
e Currentdensity: J = — [A/m"] e Resistance of wire: R =p
P o Alz)
e Current: T=JA [A] d
X
e \Voltage: V = EL [V]
e Resistance: R = ; = % (] A ~




Resistivity

Material (2 - m)
Silver 1.59 X 1078
Copper 1.7 %X 107°
Gold 2.44 X 10°8
Aluminum 9,895 10
Tungsten 5.6 X 1078
Iron 10.0 X 1078
Platinum 11:% 10~2
Lead 29:5¢ 1078
Nichrome* 150 X 1078
Carbon 3.5 X 10°
Germanium 0.46
Silicon 640
Glass 10191014
Hard rubber ~1013
Sulfur 1019

Quartz (fused)

75 X 1016




Superconductivity

« Below a certain critical temperature,

Resistance becomes ZERO, allowing current to exist without energy
wasted.

Superconductivity, although predicted and discovered a century ago
has only become useful recently due to the development of rare-
earth conductive ceramics. Superconductive wires are used in the
electromagnets of MRI machines.



Types of Wire and Cable

There are many types of
wire to choose from for a
given application.

Solid versus Stranded:
— A given wire gauge of
stranded wire consists of

smaller wires braided
together.

— The final gauge size of
the wire is determined by
the overall diameter.

— Stranded wires are less
prone to breakage when
flexed repeatedly.

Insulation

(2)

|

Single
conductor

[nsulation

Many braided =
conductors

(b)



Coaxial Cable

 Coaxial cable consists of an insulated center conductor
surrounded by a braided wire shield.

« A tough outer jacket encases both the center conductor
and the braided shield.

« The braided shield is typically connected to a zero-
potential in most applications. This provides a barrier
preventing stray fields from inducing noise voltages into
the center cQRAUCION.  puisedsia T

| | |




Basic Electronics

What is electricity

Voltage, Current, Resistance
Ohm’s Law

Capacitors, Inductors
Semiconductors

Mechanical Components
Digital Electronics



What Is Electricity

« Everything is made of atoms
 There are 118 elements, an atom is a single part of an element
« Atom consists of electrons, protons, and neutrons

Electron

Nucleus




Electrons (- charge) are attracted to protons (+ charge), this
holds the atom together

Some materials have strong attraction and refuse to loss
electrons, these are called insulators (air, glass, rubber, most
plastics)

Some materials have weak attractions and allow electrons to be
lost, these are called conductors (copper, silver, gold,
aluminum)

Electrons can be made to move from one atom to another, this
Is called a current of electricity.

ELECTRON Tube
® 00000000000000000 O

Marble Marble




« Surplus of electrons is called a Temual (1]
negative charge (-). A shortage oSoSosoto
of electrons is called a positive
charge (+).

« A battery provides a surplus of
electrons by chemical reaction.

HMegative Charge
Electrons t

« By connecting a conductor
from the positive terminal to
negative terminal electrons will
flow.




Voltage

« A battery positive terminal (+) and a negative terminal (-). The
difference in charge between each terminal is the potential
energy the battery can provide. This is labeled in units of volts.

Water Analogy
\Y E Potential

Voltage = Electro-Motive Force, the driving force in electron flow
Water Analogy Electrical Equivalent

High Pressure _
High Voltage

Energy
Charge

Force Voltage =

Area

Pump

Pressure =

L hadl

Low Voltage  Unit = Volts
Low Pressure

% Pressure without flow Voltage without flow



Voltage Sources:

Symbols Cell . Battery
- +5
UniPolar 4 - —| - 4 | | - | @
BiPolar (AC) @ Power supplies
Properties

Constant Voltage, independent of the amount of current
Usually 1deal

Examples
Batteries
Power Supplies

Signal Generators



Pump
—

« Voltage is like differential pressure,

always measure between two points.

« Measure voltage between two points
Or across a component in a circulit.

* When measuring DC voltage make
sure polarity of meter is correct,
positive (+) red, negative (-) black.



OLCUMLER

GERILIM :

U

Voltmetre akl veya alici uglarina direkt
baglanirBu tur baglantiya PARELEL
baglama denir.




Ground

Provides a reference point
. Purely a reference point

_ . . .
*5 Does not participate in
current flow

-

An integral path in the current flow + 3
—1
Symbols

L
= /)7 <7 Analog Gnd

Earth



Exercise

Measure DC voltage from power supply using multimeter
Measure DC voltage from power supply using oscilloscope
Measure DC voltage from battery using multimeter

Measure AC voltage from wall outlet using a multimeter
Measure AC voltage from wall outlet using an oscilloscope

Oscillating Sine Wave

h

—— T=1f ——»

T= period
f = frequency
A = amplitude

time, t

0 20
0 /2

180 270 360
n 3n/2 2=

degrees
radians

Effective or Root Mean Square Voltage
(Measured with multimeter)

ERMS=0.707xEa



1. DOGRU AKIM (Simgesi:— )

Zaman t —m

Iletken telin kesiti ve elektron hizi dedismezken serbest elektronlar hep ayni
yone dogru hareket ederlerse, bu bir dogru akimdir. Yani; birim zamanda yoni
ve siddeti degismeyen akima Dogru Akim denir.

Sekildeki grafige gore dogru akim bitln bir zaman boyunca hep ayni diizeyde
akmaktadir. Devrede gorilen ampermetre ise hep ayni degeri gostermektedir.

Kisacasl, hep ayni yonde ve ayni siddette akan elektrik akimi Dogru Akimdir.



2. ALTERNATIF AKIM (Simgesi: ~v )

&

G \ Bisiklet C)
<’\>dinamosu A

Zaman t

N\

Her iki ydnde ve esit mesafelerde serbest elektronlar hareket ederlerse
bu bir alternatif akimdir. Sekilde alternatif akimin zamana gore grafigi
gbérulmektedir. Buna gore alternatif akim zamana gdére bir dalga hareketi
yapmakta ve siddetini dedistirmektedir. Sonug olarak ayni sekil icinde
gorilen bisiklet dinamosu cevrilirse ampermetrenin ibresi saga sola
oynayacaktir.

Akim I

Kisacasi, surekli olarak yonini ve siddetini dedistiren elektrik akimi
alternatif akimdir.



TN N

mz N

Ampermetre elektrik devresinden gecen akimi Olcer.Akimin
gectigi yol kesilip araya ampermetre baglanir.Bu tur baglantiya
SERI baglama denir



ELEKTRIKTE GUC

AKIM
(Amper)

P —GUC
(Watt)

U
N
GERILIM
(Volt)

GERILIM , AKIM ARASINDAKI
ILISKI GUCU VERIR. Gug¢ birim
zamanda vyapilan is, elektrik
devrelerinde harcanana guc
birimi watttir.

2
.
R



Prototyping B

W5 POWER BAR o=

BEH I

LBECpE

-
TIFFCFFREARA RNRARAGARARESS STTRERRLARRRRER AT

0% POWER BAR =

MO COMNECTION HERE /

Example of how components are
Inserted in the protoboard




Fuses and Circuit Breakers



Fuses and Circuit Breakers

« Excessive current flow in an
electrical circuit may damage the
circuit.

« Typical causes of increased
circuit flow are low-resistance
connections outside the normal
path of current flow, called short d \.P
circuits.
 Fuses and circuit breakers

provide protection from
excessive current flow. (b)



Fuses

Fuses are connected so that current flowing through the circuit also flows
through the fuse.

A resistive link inside the fuse heats up when current flows through it.
Excessive current flow causes the link to burn, which stops the current flow
and protects the circuit.

A fuse that has burned open is said to be blown.

Fuses have three electrical ratings:

Current rating

Voltage rating

Response time

Fuses may be classified according to their approximate response times:
Slo-blo

Fast-blo

Normal-blo



Circult Breakers

« Circuit breakers also provide overcurrent protection for electrical devices,
but unlike fuses, do not have to be replaced after they have opened the
circuit.

« A circuit breaker that has opened in response to overcurrent is said to be
tripped.

« Circuit breakers have the advantage of being reused in a circuit, but
typically have slower response times than fuses.



Circuit Protection

Fuses

.'_...‘ e i
o —B-"‘—-%

Thermal Circuit
Breaker




Temel Devre Elemanlarinin
Sembolleri



Elektronik Devre Elemanlan

1. Pasif Devre Elemanlari 2. Aktif Devre Elemanlan
= =
N e
J | \/\
Direncler vV \ \
Kondansatdrler L
Bobinler K;‘
Pasif devre elemanlari, genel Diyotlar |
amacli elemanlardir. Hemen Transistorler
hemen her elektronik devrede Entegre devreler
bulunurlar. Bu nedenle, bu
elemanlarin genel yénleriyle Aktif devre elemanlari, ise 6zel
taninmalari, amaca uygun amacli elemanlardir. Kullanilacak
olarak kullaniimalari devrenin 6zelligine gore, aktif devre
bakimindan yeterlidir. elemanlarinin 6zellikleri ve tirleri de

degdismektedir.



Elektronik Devrelerde yer alan temel devre elemanlari

Diren¢ G
Kapasitans (kondansator) r
Bobin

Transformator

Diyot

Transistor

IC (Integrated Circuis — Entegre Devreler)



« Devre semasi cizerken elektronik devre elemanlarina ait semboller kullanilir,
Devre semalarini dogru sekilde anlayabilmek igin bu sembolleri iyi tanimak
gerekir. Asagidaki tabloda en ¢ok kullanilan devre elemanlarinin sembolleri

gorulmektedir.

« Direng degeri 100k, 1M, 56R
seklinde belirtilir.

« 100k: 100 kilo ohm
« 1M: 1 mega ohm
e 56R: 56 ohm

« Direng

Diyot modeli devre semasinda
1N4001, 1N4148 seklinde belirtilir.

Zener gerilimi, sema Uzerinde 5V6

Zener Diyot * seklinde belirtilir.
(5V6 degeri zener diyodun 5.6V'luk

oldugunu gosterir)




LED (1stk yayan diyot) ﬂ _s‘}l . LED tirt 3mm, 5mm, 10mm
—H— l seklinde veya flux LED, power

LED seklinde belirtilir.

+

Kapasite degeri 100uF, 220uF seklinde
belirtilir. uF: Mikro Farad
Baglanti sirasinda kondansatorin
yonune dikkat edilir

Elektrolitik (kutuplu) $ l
kondansator i T

Kapasite degeri 10nF, 22pF
seklinde belirtilir.
nF: Nano Farad
pF: Piko Farad
Bu tur kondansatorlerin baglanti

yonu onemli degildir.

Kutupsuz

kondansator(seramik, - d
polyester vb) | I_ \\

induktans degeri 100uH, 20mH

—— seklinde belirtilir.
Bobin _IYYY\_ ) uH: Mikro Henry

mH: Mili Henry



Devre semasinda buton

Buton tlrd icin bir aciklama verilir.
¥
& Devre semasinda anahtar turu
Anahtar { " icin bir aciklama bulunur. Siirgiilii

tip, 2 konumlu tip gibi.

Potansiyometre ‘
ve
Trimpot —‘?ﬁ—

Transistor l:, t

Direncg degeri 10k, 100k seklinde belirtilir.
Direng ayari elle veya tornavida ile yapilir.
Hassas ayarlama gereken uygulamalarda
cok turlu potansiyometre ya da ¢ok turlu

trimpot kullanilir.

ﬁ Transistor tird NPN veya PNP

model numarasi BC547, BC557
seklinde belirtilir.

/ / olabilir.
// Devre semasinda transistorin



Kristal

Hoparlor

Kopri
dogrultucu

Kristal frekansi 4MHz, 3.5795MHz
seklinde belirtilir.

MHz: Mega Hertz

Hoparlorin empedansi ve gucu
devre semasinda belirtilir.
Ornegin, 8 ohm 0.25W'lik hoparlor
gibi.

Kopru diyodun ¢alisma gerilimi ve
akimi sema Uzerinde belirtilir.
Ornegin, B8OC1000 degeri, kopri
diyodun 80 volt, 1000 mA'lik oldugunu
gosterir.



Passive Electronic Components

Resistor Capacitor Inductor

Physical
Appearance
Units Ohm (QQ) Farad (F) Henry (H)
Other  Maximum Power |+ Maximum * Maximum
Specifications (Watt) Voltage (Volt) Current (A)

« Tolerance (%) » Tolerance (%) » Tolerance (%)
Code

Standard Values

Typical Values

Few ohms
to
tens of Mega-ohm

Few pico-Farad
to
tens of micro-Farad

Few nano-Henry to
tens of milli-Henry




Passive Electronic Components

Resistor Capacitor Inductor

Variable
Components
Symbol and R
Notation _/\/\/\/_ L
Relationship with
voltage and . -
curregnt V=Rl = ﬂ

(Ohm’s Law) At

Equivalence of
Series/parallel
combination




DIRENC



Direnc - R

——— Birimi = ohm
IH LL L@zﬂrpayl | Simgesi =
17x10 = 1700 ohm = 1.7 Kohm A —0 0— -0

o 1 2 3 4 5§ 6 7 8 9
Ozir Payi : Altin%5 Giimiis %10 Yok%20

Elektrik Akimina kargi gosterilen zorluga direng denir.
En ¢ok akim sinirlamak ile gerilim veya akim bolmek amaciyla kullanilir.

Direng, elektrik akiminin akigina direng gosteren, bu esnada Ohm kanununa gore uclari
arasinda gerilim digumune sebep olan devre elemanidir.

Elektriksel direnci, uglarindaki gerilim disimuntn Uzerinden gecen elektriksel akima
bolinmesiyle bulunur.

"R" veya "r" harfi ile gosterilir ve birimi Ohm(Q)'dur. Direng, iletken yol yuzey direnci - i1sil
direng gibi yonlere ayrilir: Teoride, direng 1siyla dogru orantihidir.



http://tr.wikipedia.org/wiki/Ohm_kanunu
http://tr.wikipedia.org/wiki/Ohm

Resistor Color Code

4-Band Color Code ’ l

25k Egog

1st Digit

Multiplier
2nd Digit

0.0 1 ilum-

Tolerance
tiﬂ% Silver

= Temperature
Coefficient




4 band renk kodlama ornekleri
- - ' Katsayi = Mor (7), Yesil (5)
4 l I I ! S| carpan = Kahverengi (1)

Tolerans = Altin (%5)
Direng degeri = 75x10! = 750 Q

. Katsayi = Kahverengi (1), Siyah (0)
W g | Garpan = Kahverengi (1)
» - ‘ Tolerans = Gimus (%10)

Direng degeri = 10x10! = 100 @

hml_l.r— ) Katsay! = Beyaz (9), Kahverengi (1)
q S22 | Carpan = Sari (4)

. o ' Tolerans = Altin (%5)

Direng degeri = 91x10* = 910 kQ

Katsayi = Kahverengi (1), Gri (8)

m ‘m ol Carpan = Kirmizi (2)
4 ’ | — Tolerans = Altin (%5)

Direng degeri = 18x102 = 1.8 kQ

. _ Katsayi = Kirmizi (2), Kirmizi (2)
4 I I ! @ | Carpan = Sari (4)
> Tolerans = Altin (%5)

Direng degeri = 22x10* = 220 kQ




5 band renk kodlama ornekleri

Katsayi! = Kahverengi (1), Siyah (0), Siyah (0)
Carpan = Kahverengi (1)

Tolerans = Kahverengi (%1)

Direng degeri = 100x10! = 1 kQ

Katsayi = Turuncu (3), Turuncu (3), Kirmizi
(2)

Carpan = Kirmizi (2)

Tolerans = Kahverengi (%1)

Direng degeri = 332x102 = 33.2 kQ

Katsayi = Mavi (6), Gri (8), Kahverengi (1)
— Carpan = Turuncu (3)
< Tolerans = Kahverengi (%1)
Direng degeri = 681x103 = 681 kQ

6 band renk kodlama ornekleri
Katsayi = Kahverengi (1), Siyah (0), Siyah (0)
m ‘wsss  Carpan = Gimis (0.01)
| I J Tolerans = Kirmizi (%2)

Sicakhik katsayisi1 = Kahverengi (100 ppm)
Direng degeri = 100x102 =1 0Q



Various resistors types

1/4 Watt "Fized" Single Turn Trimmer "Pot" Multi-turn Trimmer

4=
Fixed Symbol Potentiometer (Pot) Symbol Potentiometer
]
. )
Potentiometer Potentiometer Sliding Potentiometer
... Variable resistor
wipel

Symbols  AAA~ ’ : K _/\*/\/_ m
33K Q Rare 2. M Euro

A
AN~
K
3.3k



Variable Resistor Examples




DIRENC :

Ohmmetre, direnci Olcllecek
elemanin iki ucuna baglanir.

Direnci Olculecek elemanin
tUzerinde kesinlikle gerilim
olmamalhidir. Bir ayak acikta
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ﬂ Potentiometers

Light Dependant
\

Resistors (LDR)

Temperature
N Dependant Resistors
/\ (Thermistor)



Standard Resistor Values

Electronic Industries Association (EIA) standard E24:

Standard E24 specifies resistors based on 5% tolerance (often
resistor of this category has 2% tolerance now a days due to
advancement of manufacturing techniques)

Standard Resistor values =

100 110 120 130 150 160 180 200
220 240 270 300 330 | 360 390 430
470 510 560 620 680 750 820 910

x 10M  Ohms

(Where M can be any integer, positive or negative)



KONDANSATOR



Kondansator,

Kondansatdr, elektronlarin kutuplanarak elektriksel yiki elektrik alanin
icerisinde depolayabilme 6zelliklerinden faydalanilarak, bir yalitkan
malzemenin iki metal tabaka arasina yerlestiriimesiyle olusturulan temel
elektrik ve elektronik devre elemanidir. Piyasada kapasite, kapasitor, siga¢
gibi isimlerle anilan kondansatorler, 18. yuzyilda icat edilip gelistirimeye
baslanmis ve gunumuzde teknolojinin ilerlemesinde buyuk onemi olan
elektrik - elektronik dallarinin en vazgecilmez unsurlarindan biri olmustur.
Elektrik yukU depolama, reaktif guc kontrolu, bilgi kaybi engelleme, AC/DC
arasinda donusum yapmada kullanilirlar ve tum entegre elektronik
dlevreklerin vazgecilmez elemanidirlar. Kondansatorlerin karakteristikleri
olarak;

plakalar arasinda kullanilan yalitkanin cinsi,
calisma ve dayanma gerilimleri,
depolayabildikleri yuk miktari

sayilabilir. Bu kriterler goz onunde bulundurulduktan sonra gereksinime
uygun olan kondansator tercih edilir. Kondansatorlerin fiziksel bayudkltkleri,
calisma gerilimleri ve depolayabilecekleri yuk miktarina baglidir. Tasarim
acisindan ise gesitlilik boldur, hemen hemen her boyut ve sekilde
kondansat6r temin edilebilir.



http://tr.wikipedia.org/wiki/Elektriksel_y%C3%BCk
http://tr.wikipedia.org/wiki/Elektrik_alan%C4%B1
http://tr.wikipedia.org/wiki/Elektrik
http://tr.wikipedia.org/wiki/Elektronik
http://tr.wikipedia.org/wiki/Devre_elemanlar%C4%B1
http://tr.wikipedia.org/wiki/Elektrik
http://tr.wikipedia.org/wiki/Elektronik
http://tr.wikipedia.org/wiki/Elektriksel_y%C3%BCk
http://tr.wikipedia.org/wiki/Reaktif_g%C3%BC%C3%A7
http://tr.wikipedia.org/wiki/Do%C4%9Frultucu
http://tr.wikipedia.org/wiki/Elektronik_devre
http://tr.wikipedia.org/wiki/Elektronik_devre
http://tr.wikipedia.org/wiki/Yal%C4%B1tkan
http://tr.wikipedia.org/wiki/Gerilim_%28Elektrik%29

Capacitors




Kondansator - Kapasite

 Voltaj uygulandiginda enerji depolaye ’ ,
gerektiginde bu enerjiyi geri verebilen | |
devre elemanidir. Enerji depolayabilme
ozelligi kapasite sozcugu ile ifade edilir.

L
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/ + / m 1 C2 C3
Cz_E_“__,* Q CZ V b
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b Ceq:C1+C2+C3

vy —0



Kondansatorun Desarj ve Sarji

s=PLAKALAR
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Passive devices: capacitors

Tah Papers
Papers s
)
- M
Tabbed tubular paper capacitor
Foil Foil L\
Tab
Disk of ceramic e S
dielectric material @ o § @
TR Tube of ceramic Electrode plated on inside Electrode
i \ dielectric material and over one end of tube plated on
Bt outside of
it o0 tube
Plated ’
Leads soldered
electrodes
Tubular ceramic capacitor construction.
Leads attached Dipped

Disk-ceramic capacitor

Tubular ceramic capacitors



Variable Capacitor Examples




Capacitor Alnhanumeric Code

CAPACITOR GUIDE
The Result of Capacitor Code is Given in pF

17 Digit 2% Digit Multiplier Tolerance {+%)

0f Value Df 1|-"iillh-lﬂ /
F
G

= 1%
474 = 4;33"_ Max. |5 ot
47 x 10,000 pF |~ Voltage |y _ jqu
= 47 uF M= 20%
7 = +80%/—20%

On some capacitors the value is shown as a straight
number (4.7pF). On others the decimal point is replaced
with the first letter of the prefix (4p7 = 4.7pF).

P?::"" Abbr: M‘,:’;'ﬂi'“ 1000 pico = 1 nano
P! P 7o 1 nano = .001 micro
nano n 1000 nano = 1 micro
micro Morr| 10°%

EXAMPLES:

223) = 22 x 10°pF = 22nF = 0.022uF 5%
151K = 156 x 10'pF = 150pF  10%

AR7T =4 7uF 4AN7=47nF 4P7=4.7pF U



Standard Capacitor Values

STANDARD CAPACITOR VALUES

Mon-polarized/non-electroltic valuss

1.0pF  10pF  100pF  .001uF O1uF AuF 1.0uF  10uF
12pF  12pF  120pF  O0120F  O120F  120F  120F  120F
1.5pF  15pF  150pF  .00150F  O0150F  15uF  1.50F  15uF
1.8pF  18pF  180pF  O018UF  018uF 18uF 1.8uF  1BUF

22pF  Z2pF  220pF  O0220F 0220F  220F Z20F 230F
27pF  2TpF 270pF  O02TUF 02FuF 2TUF 270F 27uF
3.3pF  33pF  3%0pF  0033F  033F  330F 3.3uF 230F
39pF  3gpF  390pF  003OuF  030uF  3O0uF  3.OuF  200F
47pF  4TpF  470pF  OMTUF MTUF A4TUF 4T0F 470F
56pF  GBGpF  GBOpF  O0S6UF  OSGUF S6UF  5EUF  BEUF
6.8pF  @epF  BROpF  OOBBUF  OBBUF  BBUF  GB.8UF  BBUF




Kondansatorlerde baglama

KONDANSATORLERIN BAGLANMASI
A Seri Baglama

I 11 1.1
11 Ct ClL Cc2 C3

C1 c2 C3

Paralel Baglanmasi

Ct= C1+C2+C3....




BOBIN



BOBINLER

letken tellerin yan yana yada Ust Ustte sarilmasi ile elde edilen devre
elemanlarina bobin denir. Bobinlerin Sembolu L , birimi Henry dir

Bobinler DC ile beslenen bir devrede calisirken sadece ohmik direng gosterir

AC ile beslenen devrede ise akima gosterdigi direng , AC devrenin frekansi
ile orantili olarak artar. Bu durumun sebebi bobinin etrafinda olusan
manyetik alanin devreden akan akima karsi koyma etkisi olusturmasidir.


http://tr.wikipedia.org/wiki/Resim:Inductors-photo.JPG

Inductance

s Initial
’ 0A
L
= Steady
State
R 0V
4—

Unit = Henry



core Variable (radio)

Symbols LN W

Properties
Characteristic Equation: J = Lﬂ
dT

Examples

Any where you have wire.
Motor windings have significant inductance
Long leads also have small inductance



Inductor Examples

'l‘[m'lll‘m 'l'
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Wire-wound Inductors Wire-wound Inductors

e

e —— J — =

Ferrlte drum wire-wound

- 3



http://www.wordiq.com/definition/Image:Inductors-photo.JPG

Variable Inductor Example

VLY
e



http://www.cambion.co.uk/Main/coilform-shielded.htm

Inductor Code

INDUCTOR COLOR GUIDE
Result Is In pH

4-BAND-CD% 270pH = 5%
i

COLOR 1st BAND | Z2nd BAND MULTIPLIER TOLERANCE
BLACK + 20%

[
L

BEROWN Military = 19

RED Military = 29
ORANGE 1,000 Military + 3%
YELLOWY 10,000 Military + 4%

el 00 =) |OF L0 BN P =

Ill . 6.8uH = 10%
MILITARY CODE

Electronix Express/RSR 1-800-972-2225

hittp:/www. elexp.com In NJ 732-381-8020

Inductor Alphanumeric code (Similar to capacitor code):




Solenoids

Electromagnetic
Devices

Relay Switches

&




ANAHTAR



Switches

Switches are classified in terms of the number of poles
and number of throws.

Common types are SPST DPDT SPDT, sometimes with _O/g—
center-off position. SPDT o—

o—
Note that contacts bounce for about a millisecond DPDT j:
after closing. This is noticeable to logic circuits, which o=

can respond in nanoseconds.



Switches

Switches are yet another group of basic electrical
devices.

Switches break (open) or make (close) circuit
connections.

See below and following slide for examples.

(b}




Switches

S
—o/o— 0  0—

Single-pole single-throw Push button (normally open)

—o/ro—

—0/0— — 1 Qe

Double-pole single-throw Push button (normally closed)

_.o-——-"'o_

— \y
Single-pole double-throw (\Q/D

o—11 )
Lo
| 0:;' \‘::o

Double-pole double-throw Three-pole four-position rotary



Switches




ROLELER



ROLELER =1

« Ufak gulcteki

elektromanyetik 7
anahtarlara réle adi 1{ o l B
verilir. Roleler 5' v ’
elektromiknatis, palet ve

kontaklar olmak tzere Ug =3
Kisimdan olusur. ‘

Elektromiknatis, demir 77223
nuve ve uzerine sariimig l l fomax
bobinden meydana gelir. a ” 3




Role Islevleri

eNK bir kontaktan NA bir kontaga gecis (Tersinme)

eKontak coklandirma, bir kontaktan (bobine enerji vererek) makul sayidaki
birkag kontaga gecis.

eDislk glcle buylk guglerin kontroli
eGerilim degistirme

eBellek islevi



Soketli Roleler

Sekizli bir soket icin yuvarlak Ozel bir soket igin dikdértgen
pimli role pimli role



Baskili devre Roleleri

i
' {

¥ ;
B
L e
-« MLTETED
1
| #

Baskili devre rdleleri devre kartlari Gzerine lehimlenmek Gzere tasarlanmistir. Kiguk
pim veya cubuk seklinde uclari vardir. Bunlarin yardimiyla baskili devre kartlarinin
deliklerine gecirilir ve lehimlenir. Gévde buyuklukleri 1 x 1 x 1,5-2 cm. dir.



Zamanlama Roleleri

Sekilde gorillen role Gzerinde bir elektronik zamanlama devresi olan bir altliga
yerlestirilmistir. Role iki gerilimsiz degistirme kontagi araciligi ile gig
amplifikasyonunu gercgeklestirmektedir. Zaman gecikmesi altlikta bulunan
seciciyi kullanmak suretiyle ayarlanmaktadir.



BATARYA
DC MOTOR
LAMBALAR



Incandescent Lamps




Opto-Electronic Devices

Range Finder
8 4 |
Photo Interrupter /\ , \

Light Emitting Diodes

y
'

(LEDs)

ﬂPhoto f
f Transistor
/




DC Motor




DC Stepper Motors




RAYVAL.
Lamnem
Balery

Batteries
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( = VOLTAGE 0-~15v
3 e RATED CURRENT 13.8V AT 7A

PERSE A ATTpT SE ST IS IDIC ; : == MAX CUTENT 9A

DS

DC Power Supply




Electronic
Measuring
Instruments

-

L
i \I Vernier



Essential Tools
Wire

Needle
Rosin —&& - Nose Cutters
Core Pliers
Solder

De-Soldering Tool r g

Strippers




MULTIMETER



What 1s a multimeter?

« A multimeter is a devise used to measure voltage, resistance
and current in electronics & electrical equipment

* Itis also used to test continuity between to 2 points to verify if
there is any breaks in circuit or line

« There are two types of multimeter Analog & Digital
— Analog has a needle style gauge
— Digital has a LCD display



There are 2 styles of multimeters

Switched Auto Range
Manually switch Switches between
between ranges to get ranges automatically
most accurate reading. for best reading.

| 000 [ 291

Both of these
styles work the
same

AC<»DC

AUTO-SELECTION vn mA .
1III




Meter leads

‘Red meter lead
Is connected to Voltage/Resistance or amperage port
Is considered the positive connection tip

Probes H 0.00 H

probe
Are the handles used to hold

tip on the tested connection
lead
*Tips I
e
Are at the end of the probe ﬂ o
. . —d ea
n r VI nn I n El T0RDC
aOidmp ovides a connectio ’r - —
P @ -
*Black meter lead probe

Is always connected to the common port
Is considered the negative connection

tip



Display & Dial Settings

 Digital Display
Shows measured value.

 Meter Dial

Turn dial to change functions. g
Turn dial to OFF position after

use.

 Panel Indicator
Shows each function and
setting range to turn dial to.

* Probe Connections
Specific for each function.




Common DMM Symbols

~ AC Voltage — Ground
- DC Voltage - Capacitor
Hz Hertz uF MicroFarad
+ Positive 7} Micro

— Negative m Milli

Q Ohms M Mega

-’I— Diode K Kilo
o)) Audible Continuity OL Overload

These symbols are often found on multimeter and
schematics.

They are designed to symbolize components and
reference values.



Measuring Voltage

*Voltage (V) is the unit of electrical pressure; one volt is the
potential difference needed to cause one amp of current to pass
through one ohm of resistance

*Voltage is broke up into 2 sections AC & DC
Alternating Current (AC) is house voltage (110vac)
Direct Current (DC) is battery voltage (12vdc)

*On switched meters use one value higher than your expected
value

‘Be very careful to not touch any other electronic components
within the equipment and do not touch the tips to each other while
connected to anything else

*To measure voltage connect the leads in parallel between the two
points where the measurement is to be made. The multimeter
provides a parallel pathway so it needs to be of a high resistance
to allow as little current flow through it as possible



Measuring Voltage

[

k&

valtmeter




Measuring Voltage

Volts




Measuring Resistance and Continuity

*Resistance (Q2) is the opposition to current
*Resistance is measured in Ohm's

*Disconnect power source before testing

‘Remove component or part from system before testing
Measure using lowest value, if OL move to next level

*Testing for continuity is used to test to verify if a circuit, wire or
fuse is complete with no open

*Audible continuity allows an alarm if circuit is complete

|/f there is no audible alarm resistance of 1lohm to .1ohm should
be present



Measuring Resistance

k. 2

ke

ohmmeter



Measuring or Testing Continuity

k. 2 % ke




Measuring Resistance

carhﬂn{;]mpﬂsitiﬂn
resisto




Measuring Continuity

50

Fuse

5 amp

J 1040C L
r—Vﬂmmﬂ.

iy
£ v
i WA

COM




Measuring Current

Current (amps) is the flow of electrical charge though a
component or conductor

Current is measured in amps or amperes
Disconnect power source before testing
Disconnect completed circuit at end of circuit
Place multimeter in series with circuit
Reconnect power source and turn ON

Select highest current setting and work your way down.



Measuring Current

k2

k. 2




Measuring Current

Circ Uit current now has to
go through the meter




OSILOSKOP



R =

POWYER
on foff 5y

TR
CH
INTENT

RO

TIME! D0

-
AT!HORM

LEVEL

@

TRIG INP

7 =
| o =
|
Y-IaG Eﬂr XM POMENT
- 2 '\\I @
Oscilloscope | 4y U TESTER

INVERT

CH I

|y ,@’m

©Fe nm

CH I

TRBPI

-




OSILOSKOP

« Elektriksel isaretlerin Olgulup degerlendiriimesinde
kullanilan aletler icinde en genis olcum olanaklarina
sahip olan osiloskop, isaretin dalga seklinin, frekansinin
ve genliginin ayni anda belirlenebilmesini saglar.

« Osiloskop, ya da salinimolcger elektriksel dlcl ve
gozlem aracidir. Gerilim, akim degerlerinin degisimlerini
ve genligini zamana bagl olarak grafik halinde gosterir.
Bu grafiklerden sinyalin darbe ve bosluk sureleri, genligi,
frekansi ve periyodu elde edilebilir. Elektrik
devrelerinden cok, elektronik devrelerdeki 6lcimlerde
kullanilir. Kare veya sinuzoidal girigli devrelerin
cikiglarini ve karakteristiklerini belirlemek uzere
tasarlanmislardir.



http://tr.wikipedia.org/wiki/Gerilim
http://tr.wikipedia.org/wiki/Ak%C4%B1m
http://tr.wikipedia.org/wiki/Elektrik

OSILOSKOP

Calismasi, hareket halindeki elektronlarin yorangelerinin bir elektrik alan
icerisinden gecerken sapmalari temel prensibine dayanir. Katod Isin
Tupundeki saptirma plakalari adi verilen duzlemsel levhalara uygun
potansiyellerde gerilimler uygulanarak olusturulan elektrik alanlar, plakalar
arasindan gecen elektronlari (elektron demetini) saptirarak fosfor ekrana
carptigi noktanin yerini degistirir. Bu noktanin konumu saptirma plakalarina
uygulanan gerilimin ani degeri ve dalga sekline bagli olarak degisecek ve
ekranda 1sikl bir ¢izgi olusacaktir.

Osiloskop devreye daima paralel baglanir. Cok yuksek olan i¢ direnci
nedeniyle seri baglanmasi halinde olgum yapilmak istenen devreden akim
akmasini engelleyecektir. Akim dalga sekillerini incelemek icin akimin aktigi
devreye kucuk degerli bir direnc (olcum direnci, sont direnc) seri baglanarak
uclarinda dusen gerilimin dalga sekli incelenir. Bir omik direncte icinden
akan akim ve uglarinda dusen gerilimin dalga sekilleri ve fazlarinin ayni
olduklari g6z onune alinarak ve ohm kanunu geregi V=I.R bagintisi da goz
onunde tutularak akim incelenir.
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OSILOSKOP

Tek bir parlak nokta ile bir seylerin yapilamayacagi acgiktir. Ancak
ekran(tlpu) ylzeyinin her tarafinda parlak nokta elde edebilecek
sekilde, elektron huzmesinin hareket ettiriimesi olanagi bulunsaydi,
birdenbire birgok uygulama alaninin kapisi acilirdi.

Ve bu olanak vardir: Bu amagla tuplerin igcine cogunlukla, elektron
huzmesinin aralarindan gectigi ve uzerlerine gerilim uygulanan
plaka ciftleri yerlestirilir

Uygulanan gerilim plakalar arasinda bir elektrik alaninin dogmasina
neden olur ve bu elektrik alani ile elektronlar yollarindan
saptirilabilir. ki plakanin gerilimi esit ise, yani aralarinda bir gerilim
farkl yoksa elektronlar Gzerine bir Kuvvet etki etmez ve huzme yine
iki plakanin ortasindan gider. Ancak arada bir gerilim farki
yaratilirsa, elektronlar gerilimi daha pozitif olan plakaya dogru
yonelirler ve parlak nokta ekranin ortasindan basgka bir yerde olusur.
Sekil 3'e bakilirsa, plakalardaki gerilim degerlerine gore ekrandaki
parlak noktanin nerelerde gozukecegi anlasilir.



OSILOSKOP

O halde, testere disi bigimli bir gerilimle (gercekten de boyle
adlandiriimaktadir) noktay1 ekranin en solundan en sagina kadar
gOturebilecegimiz -ve gerekiyorsa bunu surekli
tekrarlayabilecegimiz- kolayca anlasilir. Testere digi bigimli gerilim
yavas, ornegin 2 saniyede yukseliyorsa, noktanin gidisi gozle
izlenebilir. Ancak testere digi gerlllmlnln hizli yukselmesi ve ekranin
solundan sagina dogru "kosturmasi” da saglanabilir ve yavas
gall§an insan gozu ekranda yatay bir ¢izgi gorur.

Iste, boylece osiloskobun bir yarisini, yani “yatay saptirma”
bolumunu artik tanlyorsunuz. Ekranda saga-sola, asagiya -yukariya
hareket edebilen bir nokta, sabit duran bir noktaya gore iyi bir
geI|§med|r Bu ozelliklere sahlp bir nokta ile olgulecek isaret ekranda
“cizilebilir". Bu amagcla tupun icine, elektron hizmesini ayni anda
asaglya veya yukariya dogru yoneltebilecek bir plaka c¢iftinin daha
yerlestiriimesi gerekir



OSILOSKOP

POVVER ON- Cihazin agma/kapama dugmesi.

SCALE ILLUMINATION- Skala aydinlatmasi. Ekran oniundeki olgli rasterinin
aydinlatiimasiu.

INTENSITY- Ekrandaki seklin parlakhigi, BRIGHTNESS de denir.
FOCUS- Netlik ayari.

VERTICAL POSITION- Bu dugme yardimiyla ekrandaki sekil asagiya veya yukariya dogru
kaydirilabilir (dusey saptirma plakalarina ayrica bir dogru gerilim uygulanir). Bu fonksiyon Y-
SHIFT olarak da anilir.

HORIZONTAL POSITION-Bu dugme ile ekrandaki sekil saga veya sola dogru kaydirilabilir
(yatay saptirma plakalarina ayrica bir dogru gerilim eklenir). Bu fonksiyon X-SHIFT olarak da
adlandirilir.

TIME/DIV.- Time per Division = Ekran boliumu basina zaman. Zaman bazi da denen anahtar
budur. Bu dagme ile yatay saptirma plakalari icin yavas veya hizli testere disi isaretlerin
uretilmesi saglanir. Kademeler ekran bolumu bagina saniyenin kesirleri cinsinden kalibre
edilmistir. Boylece bir isaretin suresi dl¢ulebilir. Ornegdin anahtar 50 us/bolim kademesinde
bulunuyorsa ve gosterilen darbe 3 bolum genisliginde ise, darbenin suresi 150 us’dir (Sekil 7'ye
bakiniz). Bu komutatore bagli olarak sekli yatay yonde kademesiz olarak acip kapayan
kalibrasyonsuz bir digme de bulunur.

CAL-calibrated = kalibre edilmig. TIME/DIV anahtari ile baglh olan dugmenin bu konumunda,
komutator ile ayarlanan bolum basina zaman degeri dogrudur.

TRIGGER- Bu isim altinda birka¢ fonksiyon toplanmistir:

AUTO- Testere disinin kendiliginden baslatiimasi. Testere disi giris isareti olmadan da baslarsa,
bu ¢alisma turune freerunn-Ing = serbest calisan adi da verilir.

INTERN- Testere disinin ekranda gosterilen isaretin kendisi tarafindan tetiklenmesi.
EXTERN- Testere diginin osiloskoba disaridan uygulanan yabanci bir isaretle tetiklenmesi.



OSILOSKOP

LEVEL- Igeriden veya disaridan tetiklemede, tetikleme isaretinin Uretilebilmesi igin tetikleyen
isaretin yukselmesi gereken seviye ayari bu dugme ile yapilir.

+/- Testere disinin, i¢ veya dis tetikleme isaretinin pozitif ya da negatif kenari ile baglatilmasini
saglar.

EXT. TRIGGER veya sadece TRIGGER- Dis tetikleme isaretinin baglanmasi igin priz.
Tetikleme isaretinin genellikle 1 V veya daha buyuk olmasi istenir.

X MAGN., X MAGNIFIER veya HORIZONTAL EXPA-NSION- Bu dugme ile ekrandaki sekil
kademeli veya kademesiz olarak 5 ila 10 kat acilabilir ve seklin bir bolumunin yakindan
incelenmesi saglanir.

VOLTS/DIV.- Volts per division = Bolum basina Volt. Gosterilecek isarete uygun olarak
osiloskobun giris duyarliginin ayarlanmasi igin kullanilan komutator. Ayni zamanda, bu
anahtarin konumu ve ekrandaki isaretin yuksekliginden gerilim degeri de (V cinsinden)
okunabilir. Bu anahtar, kademesiz (ve kalibre edilmemisg) bir duyarlk

ayariyla da birlikte galigir.

CAL.- calibrated = kalibre edilmis. Kademesiz duyarlik ayarlayicinin bu konumunda,
VOLTS/DIV. anahtar ile ayarlanan deger dogru olur.

AC-0-DC alternating current — zero — direct current = alternatif gerilim — sifir dogru gerilim
anlamina gelir. Olculecek isaret icin giris tipini secer.

AC- Sadece alternatif gerilimler olgulebilir. Eger alternatif gerilim bir dogru gerilimin Gzerine
binmigse, bu dogru gerilim osiloskobun igine alinmaz.

0- Giris her turlu isarete kapalidir. Ekrandaki yatay ¢izgi bu durumda VERTI-CAL POSITION ile
istenen yere getirilebilir.

DC- Bu konumda dogru gerilimler ve alternatif gerilimler birlikte dl¢ulebilir.

VERTICAL INPUT veya Y-INPUT- Dusey giris. GOsterilecek isaretin uygulanacagi priz.

CAL VOLTS- calibration voltage = kalibrasyon gerilimi’nin kisaltilmigidir.



OSILOSKOP

Osiloskop iginde uretilen ve tanimh bir buyukluge sahip bir kare dalga
isareti bu cikis prizine bulunur. Olcme ucu bu prize baglanirsa, diisey
girisin kalibrasyonu ve kazanci kontrol edilebilir. Ayrica bu kare dalga
ile ol¢u kafasinin kompanzasyonu yapilarak, ekranda en iyi sekilde
gosterilmesi saglanir.

HORIZONTAL INPUT- Dig yatay girig prizi, buna X-INPUT da
denmektedir.-TIME/DIV. anahtarinin ozel bir konumunda, osiloskop
icinde uretilen testere disi isaret yerine disaridan uygulanan isaret
yatay saptirma plakalarina gonderilir. Bu durumda dusey saptirma
plakalarina uygulanan igaret ile birlikte ilgin¢ sekiller,

Z-MOD- Parlaklik modulasyonu girisi. Bu girig uzerinden birkag¢ voltluk
darbeler uygulanir. Noktacik ekranin solundan sagina dogru giderken,
TIME/DIV anahtarinin konumuna gore seklin bazi noktalan daha parlak
gozukur. Darbeler frekansi tam dogru bir darbe uretecinden
geliyorlarsa, bu sekilde olgulen isaret Uzerinde dogrulugu ¢ok yuksek
sure olgcmeleri yapilabilir.

Bu kisa kullanim kilavuzuna ragmen, akilli bir kullanici (evet akilli olan),
once cihazin el kitabina bakacak ve daha sonra cihazla oynamaya
girisecektir. Cihazin kitabini okuyan biri, burada anlatilanlara oranla
cok daha fazla sey ogrenecektir. Yani cabalar bosa gitmeyecektir.






ELECTROSTATIC
DISCHARGE
(ESD)



ElectroStatic Charge Generation:

* When 2 Surfaces in
Contact then Separate

Some Atom Electrons Move
Causing Imbalance

One Surface Has Positive
Charge & One Surface Has
Negative Charge




« Zap from a door
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[actraotatic Uisaiian

* Charges Seek Balance
* Discharge is Rapid
* Creating Heat
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T Typas of
LWiatarials Sundusiars

* Electrical Current Flows Easily
« So Can be Grounded

« Can Discharge

- Examples Metals and People
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YU WPESOT,
wlalarials lusutaiurs

 Electrical Current Does Not Flow Easily

« Cannot be Grounded

 Example: Plastics
Typically very high charging




murga Snuaryas
Sanaratad All ' Tha Tino

* Walking across a carpet:
1,500 - 35,000 volts

SN |
e Walking over untreated vinyl floor: %—F |
250 - 12,000 volts -

* Vinyl envelope used for work
Instructions: 600 - 7,000 volts

e Worker at a bench:
700 - 6,000 volts

* Unwinding regular tape:
9,000 - 15,000 volts




rauple Uiscuarga
rrauantly

But To feel a
Discharge it
must be
about
3,000 volts




S Tuat A farayil -J.u‘t raal
‘..J.u =J43iy ualnaya Slashyuls
Syllipgalanis

100 volts or
less can
damage
components!




Human Body Model (HBM)

ESD Class 0: Damage you can’t feel: 0to 199 Volits

- ESD Class 1: Damage you can’t feel: 200 to 1,999 Volts

- ESD Class 2: Damage you might feel: 2,000 to 3,999 Volts

ESD Class 3: Damage you can probably

detect as spark with your 4,000 to 15,999 Volts

own body:



Tiny Sanducsiiya Fatns San
=uslly Ja Daniagas

Smaller components mean greater sensitivity to ESD. Damage
to these components can not be detected by the naked eye.

e At this
magnification
we see that
1/2 of the
width of the
material
has been
destroyed

At higher
L magnification,
®  [the pit in the
~ farea between
~ tthe base and
- lemitter becomes
~more obvious

® Integrated Circuit



'I‘yp.::s gl =3
Uaylca Bantagja

* Latent Defect
Component wounded
But Inspection Passes

e Catastrophic Failures
Inspection
Able to detect




e Sub Assembly passes inspection
* Assembly passes inspection

* Product passes inspection

* Works a while for customer

* Then Upsets & Mysterious Problems
* More Returns

* More Warranty Costs

* Lower Customer Satisfaction




Control Germs Control ESD

[ =1\

We are aware of
sterilization in medicine

We should develop the
same attitude about ESD



* |dentify ESD Area
* |dentify ESD sensitive items
* Provide ESD

control training
S
e




 Ground Conductors

 Shield ESDS
When store

or transport
outside EPA

 Neutralize
Insulators
with 1onizers




* Wrist Straps

* Must work, so
test wrist strap daily

 Foot Grounders

* Must work, so
test foot grounder daily




—Q _ * Dissipative WorkSurfaces

2/ — Ground ESD worksurface via
] RING .
i <A S —p—ewee! ground cord to common point

ATTACHED
\@/ POINTS

ground to equipment ground

« Conductive Floor Mats

— Ground ESD floor mats via
ground cord to equipment
ground




» Charged Insulators Cannot be grounded

* lonizer air flow floods area with lons
- Neutralizing Charge

IONOICKC TS

-) (=)
ONONOXO —=\0




Faraday Cage

/AR
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Charges Kept on Outside
of Package:

* Closed Metallized Shielding Bag
 Covered conductive tote box

r‘—“' =
! A —— !




Remove Insulator or Change to ESD Version
 ESD Smocks and Gloves

 Conductive Foam & Shunt Bars
Antistatic or Low Charging Tape
* Dissipative Binders & Document Protectors

. Dissipative Floor Finishes

« Conductive & Dissipative Flooring



» Test Wrist Straps & ESD
Footwear daily

- Keep wrist band snug,
foot grounder grounding
tab in shoe, & ESD
Smocks buttoned up

* Only trained or escorted
people allowed in ESD
Protected Area




- Keep work area clean &
clear of insulators

- Handle un-packaged ESD
sensitive items only when
grounded

 Visually check all grounding
cords to make sure they are
connected




Make sure lonizers
are maintained and air
flow Is not blocked

Use shielded packaging
for shipping or storing
ESD sensitive items
outside the ESD
Protected Area




« Ground Conductors including
people

 Neutralize insulators
with 1onizers

« Shield ESDS when store - | <
or transport outside EPA



