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suUARUBMAUN (Rectangular) AnmnTzAUTaULSIAUlWAT (v,) Duldeu-
= & o a4 ¥ o o i e ¥
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; ) 3 Al i e o v
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o (7 o ' A o ow
AN (1) WASATUAINIUAY (t) IiNAUKIA t=t WEeneNI1IURAUIRSE (Square
wave) Asuaadlugl 1.4 (b) wddATuAaIRIANMRULIN (t) uassiuau (t) Tadwinnu

ar

o d X, A e
i t £t aGunTagUAduilh sUAdunad (Pulse waveforms) Aoz 1.4 (o)

T | T ‘ (a) dc voltage step cf]anges
—_—— o r 4 < - y

—_—

Positive-going step Negative-going step

_,:;" (b) Square waveform
= h

(c) Pulse waveforms
n<t

= 4 o ; 5 o
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b - —t—
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o 4 e - <
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v = EBe™ (1.1)
P ' = '
Wa K = FAAITI (A1 R uaz C luwas)
' o =
e = AAIlaNgNLuEEa (e = 2.718)
v = E(l-e ™) . (1.2)

o v oa | - . o 4
aunT 1.1 nbiAnadulandlwiui@aaluy Positive - going UWazaNNT 1.2 YINIA
= o =l 5 o < .
WARAAULD ATIWIUTR AL Negative - going ﬂdLLﬁﬂa'LuE‘LlﬂauLaﬂ‘ﬂwmul?&ﬂa (Exponential
s v o 4 = o a4 ¥ e @ a
waveform) AU 1.6 (b) LLaxmmﬂﬂuLaﬂsa"[wmumlaNauﬂugﬂﬁauwuulmazmumgu 1.6
(c),(d)
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(a) Exponential
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™ (b} Exponential
waveform
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(d) Spike waveforms
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1] & e ﬂ - - P v cala
gUARUNAE LLAAUAR (Ideal pulse waveform) AagUARULBINATNRINTNN
T o oa o o v gal o Y
'[91Eﬂ.ummmL'qufyLﬁﬂ'nLnm'uu'lu'nmzﬂaryzy']mwaa;.ln’mﬂ%‘auLLﬂmmﬂ'szmmmmumlﬂij

o @ o a o % v b oW 4 e a
'J_SGIULL'NE]UQG ﬂ'ﬁ'ﬂ"ﬂqﬂizﬂuLLﬁﬁmuqﬁ‘lﬂﬁfzﬂuuiﬂﬂum'l ﬂﬂumzﬂﬂﬂguﬂﬁuwafﬂuq@ls\!ﬂmllﬁmﬂ
lugd 1.7

Leading edge

Trailing edge
Pulse
v amplitude | Space
_L i PW = width
F T =~
——9 ¢
%\

y 4
ﬂauﬂwfﬁﬂwaﬁ (j@eadlng edge or rising edge or positive — gomg edge)

ﬂﬂ"ll‘u%lﬂﬁﬂﬂlmﬁmﬂtﬁﬂﬁﬁﬁl’]‘ﬂ'{ﬁi:ﬂmﬁﬂﬁmrmlﬂﬁﬂu’]ﬂlﬁdﬂ‘uﬂ{iﬂﬂ wm‘smmﬂﬂnm t=0
ﬂﬁ%ﬁ\iﬂﬂ\!#ﬂd (Trailing edge or falling edge or negative = going edge)

ﬂa'uu'uaaﬁmm” ummﬂs-*ﬂuLLsamuﬁaﬁﬂ'uaawaﬁlﬂdiwmumwamwaowaa
ANULIRIYDINEE (Time period) 1¥Fatadn (M) An sweznaniidhenzaumi
yaaNadinm t = 0 auﬁwawﬁ'ﬂﬂmﬁ"ﬁﬁgﬂﬂ?\iuﬁiﬂ‘lﬂ
fAUnaIIBINaaRA1 T = 1 Junfl (Sec)
mmﬁ‘umﬁaﬁ (Pulse Repetition Frequency or PRF)

1 993n3 (Cycle)

1]

1 Nadsadundl (Pulse Per Sec or PPS)
1/T PPS
A9MIN349ARENEE (Pulse Width or PW) Aagrananfidaainzauntiiaaswad

en)
138 PRF

ufisuaunaiaanag
] ¥ o A o o @
09I WININES (Space Width or SW) Aatasnanfiininuaunraizes
et a =3 @ s = ar
WadgUnfuusnudisraumimadsuniudall
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dasndaunaudasd (M/S rafio) AparmdrussninAnunieivad PW
AuTasigTERIeNad
M/S ratio = PW/SW
’a’aé’nﬂwﬁﬂﬁ (Duty cycle) AnTatazuaIanTIEIUTENINANNATIUBINGE (PW)
AUAUIANIBINGS (T)

Duty cycle = % x 100%

flaag1a 1.1 mngﬂmﬁu‘l,ugu 1.8 WANUIUNITUIALEINAS (Pulse amplitude), PRF, PW,
Duty cycle, M/S ratio Lﬂaamamuwﬂﬁﬂmmaaﬂ%a[aﬁhﬂﬁuﬁm’lugﬂ 1.8
ﬁﬂf}’ Vertical scale = 1 V/division W&z Horizontal w;@&Iﬁ = 0.1 mS/division

ETL Pulse amplitude = 3.5 division x 1V/divisi6n
= 35V A
T = 6 divisiorx Ogﬁéir:t'ts}c\if‘\@i@i;dﬁ i

’ i) .
PRE = foghs =167 PPS
PW =425 diVigioR x 0.1 mS/division
= #0.25 giS
1'% 38 division x 0.1 mS/division
# 035 mS
_PW .
= T X 100 %
N’ . .085 mS o
=it 2 W0 AL
" - 025 mS _
M/S ratio = SWr T 085 ma O
i
;

8% 1.8 junAuraARMABNAlTIURABE I 1.1
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1alazis, 19879N UAIAURIMLELE (Riso fime, Fall fime and Tif)
wadlugl 1.8 duadlugaupififiruaiysel Wugldmdsniifvey UAZNNATIAINELNG
wilumadfudanamadlugl 1.8 sslianuaison 1.9%mailiuasiurunBauuasmas
TEALYBITEYY N (Amplitude) kaztnaIn 9 flisuSeuanyseimdounuduammad
TuanuAf

LI 0

T 1 1 1

LA Lk LR

I L TS I O |

1

| e

AINAIMEEN

wailaziy (Rise fime or 1) vnefesazamayaanaduaum (Leading
edge) Waruwamnuazasduann 10 % Waufiswuiadunin 90 % 10suuAgIge
31n3U 1.9 t =90 % N E,

L381an (Fall time or fi} ‘ﬂmH50’:‘:21:L'3m°7l'ﬁtyty’lmﬁaﬁﬂauwﬁa (Traling edge)
ANNTEALLEITYANNT 90 % adlUaufs 10 % TavungigaunITaUndAITaIwad 27U 1.9
t =90 % w03 E,

A2MUNIUDEHAT (PW) Fasimunanamisrasnnuniimmas Wamin
din PW flgngean uazdnin PW Aamsnanuasnad s=ldrnlaivindy Sedaddriais Aadn
PW 7 50 % wasnuiageanraduniauade () lunstiuatasinuadnad (SW) Ao, 83y
Antafien 50 % wneuTiAuRdY (E) mumunaasduana (T) ny PW+SW
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ar : o - ' a a e
ANIUINLSOAULARLTRENEE (Average pulse amplitude) AnrnaAufiF-
wnNANAGIgATBINadTaLn (E ) unzAruiagiqauasnaduaunas (E,) Avauns
E +E
1 2

E = 5

AUKINLBYS (TilH) nanef ANNAIALEEN TN THA LTI AN G Aa
raumiuaadanaufaunasiasiad  aralAstulinsiiuun  wasiuauesdaane
srathilizy 1.9 Bawwduwanyimiy AussraaaBenneasduniain Factional tit
HAINAUTEAUAMNLANANTBIIU A FATENTEUMITNGS  AULIAGIgAYEITaUNRINGH
AeufusnduraseunraIRadiadamaNnTT

E-E
Tt = —— x 100 %
B
= = [ 100%

b
b
b

alal A4 o oo = ¥ o ) [ ' o a
unsdifguriuiadfidamiuaadsmsuuuiiasiuan iessiuduana fiuan
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Gangine 1.2 JuRduAiuanduzl 1.9 wAmMAEa
1 Pulse amplitude
2 Tt
3 t’ tT
4 PW. PRF
5 M/S rato Duty cycle
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26%n 1. Average pulse ampiitude,
E
2: Tilt
3. t
& t
4 T pw
-
PRF
8. < M/S ratio
s SW
M/S
Duty cycle

E +E
1 2
2
380 mV + 350 mV
2
365 mV
& x 100 %
E
380 mV - 350 mV
0,
365 mv %190 %
8.2 %,

0.3 dwvision x“100 pLS/division

0 4'division x 100 [LS/dvision
40 us

| 2.2 division x 100 LLS/division

220 US

5 division x 100 [LS/division
500 uS

Y 1
T 500 US
B,

SW

2.8 division x 100 JS/division
280 uUS

= 2000 PPS

220 US = 0.79

280 S
o,
PW x 100 %

T

220 uS X 100 ¥
500 1S

44 %

msAuILANSaunegUARUNSE (Average voltage V) Aamsuien

& dad a o« ; @ o & o N o
wuﬂﬂtﬂﬂwaﬁ ‘].u'mﬂﬂ’:’mmﬁwmwaﬁ PW ﬂﬁﬂﬂi’lfl{]ﬂ’ldﬂ’luU’Jﬂ WASATUAUNTIINNU

WasnIIRIEATUANBIFINGd (T) Auaadluzd 1.11 (a)

(V, xt)+(V xt)
V. = T
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(+ 8V x 1 mS) + (-6V x 1 mS)
2mS

\" =1 BN

- - o & @ gl g A 4 3
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PRI G | ooy me B W o P~
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I 1 1 1
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(2) Fundamental and third harmonic

+ug +up)

(b) Fundamental, third and fifth harmonic
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gﬂﬂﬁuﬁﬂmLﬁﬂu (Waveform distrotion) WasNamaUsuaaInnsdinuduwus
fu Tneunfdatlaugurduwaddmasuinllusestidnnsaiind Gsussnauludenune
Aifinnsaiind (Electronics component) 5 9 HadwirBIdNMWASTIRILEENITMMIENA-
wmazE&ﬂLﬁﬂulﬂﬁmmﬂﬂﬁwmé’mmmﬁ'aﬁﬁﬂamﬁﬂm dnmngaagd 1.15 (a) uansiigy
ﬂauwaﬁﬁmauummwau"l,ﬂmaammaaﬂmamauﬁummam'mnao (High-frequency response)
luladaun awm&mm‘lmuwaaﬁmmmmnmwﬂnm (Long nise time)

gl 1.15 (b) Lﬂuammmtmmwmﬁ"lmmﬂﬂwﬁﬂauwaaﬁLﬂaﬂwLfmlﬂ'i.u'm]‘mu
Nam‘imauaummmﬁﬁﬂmm Lmeamuaaammmmwmm (Lt}w—frequency Response)
Tolaid 2sfiansfiauieui ﬁammmﬂmam’nummam'ﬂmﬁmmml.amnmn'au dnweuzil
3877 Low- -frequency distortion LLﬁlmﬂmmﬂm‘nLﬂ@l'ﬂﬁlmmaﬂ‘a‘ﬂuuam‘mauauaﬁm’mm
AlaAnthumnadmuas mummnﬁa aummmmmwﬂuﬁmﬁmmwmﬂumaﬂm’mmmﬂﬂ
1.15 (a) wax 1.15 (b) Nﬁ&mummﬂ 1. 15 (c)i ”’ﬁ Low-and-high frequency distortion
lunsdisd 1.15 (d) Lﬂuaﬂwmw’nmﬁmm’imkmmwﬁﬁ‘lmmnwaaﬁmaﬂmﬂaumwomﬂuwawm

fawnflanin (Inductance) F.Lﬁ“‘ﬁ]’mﬁuﬂ‘i‘ﬁl {Capacnance) sany windunnlanaiys
IGEGHIBEHN N (Over sﬁog’c and rmgmg) \Rsty m‘iﬂ 1.15 (d)

m'ls.mnﬁ Meﬂ rraquency} miﬂauﬁuaam’mn’uamam’umwummau
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& o o o W ar 3 a
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ar dé’ = ar =l s ar & as i IJ
WAL 0.707 289 ¢ (NTAITIRARALNAT RC-Integrator) IAwaNWusAUARan sy () was
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Waveform Distortion

|
|
(a) High-frequency ll
distortion | |
|
|

(b) Low-trequency
distortion

(c) Low-and high—"l’rcqhut’:ncy T 4
distortion

A

I . Overshoots

i
|
l
o

Ringing

‘(d) Oyeéremphasis of high
frequencies
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#7051 1.4 JUARULEVINATEYNTUENERYRARAdTUNTNT t = 1 uS WAINAANY

i1

o 4 o ca = o
fianeine 1.5 JUAfuWadinad 1.5 kHz § Duty cycle = 3 %

6%

d e
DANDANYDIN9T
INFNNIT 1.5
¢ _ 035
o t
= —015 = 350 kHz
1us

o i o o ) 3 v
(@) WAUIUAIANNARAGIFATITIT YIS

v v ¢ o o daa o o o

(b) etlauwadaud 1.5kHz WNNATUNENUIAIINAANNDE (High - frequency
ey o ' aa P nl
limit) N1 1 MHz 3YATUINAT PW NUATEIGR Waz Duty'eycle uRIatUe

F.

(a) 71 Duty cycle 3% S9FMWIUAN T,
PW = 003xT .

0.0 = 003 x

o

20415 V 4
usi t = 10% w9 PW/(FnTRl o)
S = oix20us =2ps

N 43 0.35
NN : e e ——
ng mg &1, ; 1S

r

o

175 kHz
o dlo
(b) NFNNT 1.5 NANOAR =1 MHz

0.3

192

i |

H

0.35
1 MHz

= 0.35uS
) f =10% wpy PW
PW = 10 t[

= 10x035US = 35US

By x 100 %

D |
uty cycle T

y 2

1

1.5 kHz

PW x f x 100 %
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3.5 US x 1.5 kHz x 100 %
0.5 %

-l d 1 A ar '
2. ANUKINLALN LWAS Lower cutoff frequency mammauwaﬁﬁanmnﬁ’mu
29937 Lower cutoff frequency wihAugue £ =0 muuu‘uaaﬁﬂﬂaumww wsiiila f e
¥INAIFUE mmmmwmmamwﬂmewmmﬂauwaﬁ (U 1.15 (b)) AFANuMIAEE
"aand1 10 % AeianuaaBessezulsiunuanunaaiad (PW) wazAnmnd
Anaaw (f) FIANNT (1.6)
- . al
Wa it AINATALDER
Tilt amf xPW (1.6)

ar

P a & g B
lNa ngl&lﬂfuﬂu?! ﬂlﬂuwaﬁgtﬂﬂﬂﬁ

£

T =  2xpi & _1

%
%

.

A - R
AIUU Tilt

nf g
—=t
f

lurhuaadieniu awasaniAn Lower cutoff frequency (f) leananns (1.6)
uaz (1.7)

dal #” =) mrwdvasiadauwn
4 f = Lower cutoff frequency
T« = AMNAIALE LY
pPW = AnundnuasWadaune

as P A @ J

M998 1.6 2995281899Vl Lower Cutoff Frequency = 10 Hz iflallaunadamaan
dnwBune Usinghdananetdwaiidn Tit = 2 % AuINAIANNGYE
u a P @
dyanaduwantliaudily

ET1 4 PNFNNIT 1.7

T f

fL

Tilt

Tt x 10 Hz

0.02

= 1.5F kHz
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