
ZPG 2022 Crib

Dail System needs to be asymptotically stable.④
If so

, input sinusoids at different frequencies and
measure gain - and phase ship. q response . Response

may be large , a-d take a long time to seethe down
.

near resonance .

ii) The closed loop system is stable if a-d
only if ite ooyqiiiso diagia- q ite ope

- loop tenner

fu-u-io-CTu-syl.jo) ) leaves the =L
,

point to its leg- Lou
does moverscite - 1) - ④

b) i) phase margin ⇒0°

gain margin = 1/0=9 = 3.45

⇒ If giain of real system is wp-L-3.ES
greater OR phase Las up to 30° -one lag ⑥=

item closed loop system is stable

ii) PM = 39-0 when Kz 112.23 = o.CI
w II. 1

we = ?% ✗ IT ⇒ 2=0.6-2 ⑥

Iii) Max I 111th I = 1/0.38 = 2.63-50
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CLCE It ,¥ys+y To ⇐ (5-1)%41-11=0⇐ 5+5+9=0

⇐ s= -Yz±rÉj

0L is unsettle ⑤
CL is asymptotically suable .

c) 51s) = its = 1115--17 Fcs)

' +¥y↳⇒ Sista

Tls) = 1- = (5+2) (S- il -
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' +c¥zxs→ 52+5+9

Get:r→j : G.co ) = = final value

initial slope = Eggs GG) - 11

wn=3
,
2) won =L ⇒ 3246 = 16%
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3) a) Els ) = s÷+io5 =s%s+Ñ
-20dB-1

I

1
. ←

G- K

l

l

← GK
-90° .

⑦-270°

b) ( C- Cjwe) = -150° = -900+2 ae-ano.tw
⇒ al-ano.tw = 30°

=) O- L w z for- 300 = 05/3
⇒ w = 10/05 = 5.78

I Gljwcl =
o.in

¥ -4+1=5
-= 0.002)

⇒ Kie I / n = 432

( Glioj ) = -180°
,
I - I C- Cj = ,zo

⇒ G- or = 2m¥
BW KIEDIS

⑧

iPad

iPad

iPad

iPad

Timothy O'Leary
- 40



→
G-4=4,÷+ ,of -

'°

= "sÉ÷s+i⇒
See above

for Bode Cin blue) ⑤

d) Greater bandwidth ⇒ faster response

same pm ⇒ similar damping ⑤
ratio



7FSTJPO ɻ

� 	B
 4VQQPTF UIBU B TJHOBM ! (") IBT 'PVSJFS USBOTGPSN # ($) EFѐOFE BT GPMMPXT�

# ($) =
⎧⎪⎪⎨
⎪⎪⎩

1, |$| < $0

0, PUIFSXJTF

%FUFSNJOF UIF UJNF GVODUJPO ! (")� <�>

4PMVUJPO� 6TJOH JOWFSTF 'PVSJFS USBOTGPSN�

! (") = 1
2%

∫ +∞

−∞
# ($)& '$"($

=
1

2%

∫ +$

−$0
& '$"($

=
1

2 '%" [&
'$"]+$−$0

=
1

2 '%" (2 ' sin($0")) =
sin($0")

%"

4PMVUJPOT VTJOH UBCMFT BOE UIF EVBMJUZ UIFPSFN XPVME BMTP CF BDDFQUBCMF

8IBU JT UIF UPUBM FOFSHZ PG ! (") <�>

4PMVUJPO� 6TJOH 1BSTFWBM UP DPNQVUF JU JO UIF GSFRVFODZ EPNBJO�

) =
1

2%

∫ +∞

−∞
|# ($) |2($ = $0/%

	C
 " OFX TJHOBM JT NBEF VQ BT UIF QSPEVDU PG GVODUJPOT BT GPMMPXT�

!1(") =
sin($1")

"

sin($2")
"

XIFSF $1 < $2� %FUFSNJOF UIF 'PVSJFS USBOTGPSN PG !1(") BOE TLFUDI JU BT B GVODUJPO PG
GSFRVFODZ� <�>

4PMVUJPO� 'SPN UIF ИSTU QBSU PS UBCMFT UIF '5 PG FBDI DPNQPOFOU JT

#1($) =
⎧⎪⎪⎨
⎪⎪⎩
%, |$| < $1

0, PUIFSXJTF

BOE

#2($) =
⎧⎪⎪⎨
⎪⎪⎩
%, |$| < $2

0, PUIFSXJTF

1BHF � PG � 	DPOU�



7FSTJPO ɻ

5IF DPOWPMVUJPO UIFPSFN TUBUFT UIBU XF OFFE #1 ∗ #2/2%�

#1 ∗ #2/2% =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

$1%, |$| < $2 − $1

$1%(1 − ($ − ($2 − $1))/(2$1)), $2 − $1 ≤ |$| ≤ $1 + $2

0, PUIFSXJTF

4LFUDI���� ЙBU DFOUSBM TFDUJPO XJUI MJOFBS EFDBZT UP [FSP UP MFGU BOE SJHIU�

	D
 %FUFSNJOF UIF GSBDUJPO PG UIF UPUBM FOFSHZ JO !1(") UIBU MJFT BCPWF GSFRVFODZ$2−$1� <�>

4PMVUJPO� 8F VTF 1BSTFWBM UP ИOE UIF FOFSHZ XJUIJO FBDI GSFRVFODZ SBOHF�
−$2 + $1 UP $2 − $1�

%$2
1(+$2 − $1)

+$2 − $1 UP +$2 + $1�

1/%$2
1%

2
∫ 2$1

0
$2/(4$2

1)($ 	VTJOH DIBOHF PG WBSJBCMFT $ → ($2 + $1 − $)


= %/12[$3]2$1
0 = %$3

1/6

"OE TP SBUJP JT�
6($2 − $1)/(6$2 − 5$1)

	E
 *U JT EFTJSFE UP TBNQMF UIF TJHOBM BU SFHVMBS UJNFT PCUBJOJOH TBNQMFT !1(*+)� .BLF
UXP TLFUDIFT PG UIF TQFDUSVN PG UIF TBNQMFE TJHOBM DPSSFTQPOEJOH UP UIF UXP DBTFT
+ = %/($2) BOE + = %/($2 + $1)� 8IBU JT UIF NBYJNVN BMMPXBCMF TBNQMJOH QFSJPE
+ JG !1(") JT UP CF QFSGFDUMZ SFDPOTUSVDUFE GSPN JUT TBNQMFE WBMVFT <�>

4PMVUJPO� + = %/($2)�
*O UIJT DBTF TBNQMJOH GSFRVFODZ JT 2$2 XIJDI JT OPU UXJDF UIF NBY� GSFRVFODZ DPNQPOFOU
JO !1 TP BMJBTJOH EJTUPSUJPO PDDVST�
4LFUDI � TBNQMFE TQFDUSVN JT B ЙBU MJOF BDSPTT BMM GSFRVFODJFT�
+ = %/($2 + $1)�
/PX XF IBWF 2$2 XIJDI JT UXJDF UIF NBY� GSFRVFODZ DPNQPOFOU JO !1 TP OP BMJBTJOH
EJTUPSUJPO PDDVST BOE UIF TQFDUSB BSF BEKBDFOU UP FBDI PUIFS XJUIPVU PWFSMBQ�
4LFUDI ���
)FODF + = %/($2 + $1) JT UIF NBYJNVN BMMPXBCMF TBNQMJOH QFSJPE�

1BHF � PG � 	563/ 07&3
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(2)
a) YIH = MIHZ + 2m14 aoszntet

+ ws22hfct .

= 2m14 hosfznfet) + mlt
'

+ It ws4nft .

=-
want the filter

want to keep
'

this to reject these -

ftp.chmmbtwfe-w/fc-iw)(-fc-w,-fc-wDmlt1
→ spectrum from - W to W -

m
'
/ H c-→ Mltf ☒ M / f) → Spectrum from -www.

1- 611-1

as 417ft → I / fff - 21-7 + 811-+24 ))

If we

appng a bandpass filter :

yz ^ Sff ) 42

few fctw

YIH * 5714 = melts coslmtetl



b) it Optimal detection rule :

If I
-

- ( I , , . . . Iz ) is the detected

feq .

.

for i=l , - . -7 :

Ii -
- {

2 if Yi 30
- 2 if Yi co -

Fi

={
0 if Yi 70

1 if Ii
co .

Iii ) Sequence of received bib -

I = [ O l l 0 I 0 1)

all circles

have

"

÷
parity

.

540



Therefore decoded Hamming codeword

I
= ( o l l 000 1)

Transmitted into bits = 0 110
'

-iii) A decoding error occurs with a

Hamming code if the channel flips
two or more bib .

Prob . rg decoding error
=L - Mob . ( channel flips 0 or 1 bill

= I - ② - 8)
^

- 7 (0.8%10-2)

=
0-423€
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� 	B
 5IF %'5 GPS B TJHOBM JT EFѐOFE BT

,- =
.−1∑
*=0

/* exp(− '2%*-/.)

	J
 *G /* SFHVMBSMZ TBNQMFE FWFSZ � T GSPN B DPOUJOVPVT�UJNF GVODUJPO /(") XIBU
GSFRVFODZ JO )[ XPVME DPNQPOFOU ,3 DPSSFTQPOE UP XIFO . = 10 <�>

4PMVUJPO� 4BNQMJOH GSFRVFODZ JT 2%/3 01(.2−1� 4QMJU UIJT JOUP . = 10 CJOT PG XJEUI
2%/30 01(.2−1� )FODF ,3 DPSSFTQPOET UP 3× 2%/30 = 2%/10 01(.2−1 J�F� 0.1)[�

	JJ
 4IPX UIBU UIF %'5 PG B DPOTUBOU TJHOBM /* = 3 JT HJWFO CZ

,- =

⎧⎪⎪⎨
⎪⎪⎩
3. , - = 0
0 PUIFSXJTF

<�>

4PMVUJPO�

,- = 3
.−1∑
*=0

exp(− '2%*-/.)

=
(1 − exp(− '2%-)

(1 − exp(− '2%-/.)

=
0

(1 − exp(− '2%-/.)

/PX OVNFSBUPS BMXBZT [FSP CVU DPVME EFOPNJOBUPS BMTP CF [FSP 	BOE IFODF
JOEFUFSNJOBUF
� 'PS - = 4.  GPS JOUFHFS 4 EFOPNJOBUPS XPVME CF [FSP� )FODF
DPOTJEFS UIJT DBTF BT B MJNJU PS KVTU SFXPSL BT B TQFDJBM DBTF GPS - = 0 	J�F� 4 = 0
�

,- = 3
.−1∑
*=0

exp(− '2%*0/.)

= 3.

)FODF %'5 JT BT QSPQPTFE�

	JJJ
 5IF JOWFSTF %'5 JT EFѐOFE BT

/* =
1
.

.−1∑
-=0

,- exp( '2%*-/.)

1BHF � PG � 	DPOU�
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4IPX UIBU VTF PG UIJT GPSNVMB UP DBMDVMBUF /* GPS * PVUTJEF UIF SBOHF � UP .−1 JNQMJFT
QFSJPEJDJUZ PG UIF EBUB J�F�

/*+. = /*

BOE GPS UIF DBTF XIFSF ,- JT QVSFMZ JNBHJOBSZ

/−* = −/∗*
<�>

4PMVUJPO�

/*+. =
1
.

.−1∑
-=0

,- exp( '2%(* + .)-/.)

=
1
.

.−1∑
-=0

,- exp( '2%*-/.) = /*

TP EBUB DBO CF DPOTJEFSFE ɑQFSJPEJDɒ�
8IFO ,- JT QVSFMZ JNBHJOBSZ�

,- = ' , (5)
-

"OE TP

/−* =
'

.

.−1∑
-=0

, (5)
- exp(+ '2%*-/.)

=
−1
.

(
.−1∑
-=0

' , (5)
- exp(− '2%*-/.)

)∗

= −/∗*
BT SFRVJSFE�

	C
 5IF 'PVSJFS USBOTGPSN PG B CBTFCBOE TJHOBM /6 (") JT TIPXO JO 'JH� �� " QBTTCBOE
TJHOBM /(") JT HFOFSBUFE GSPN /6 (") BOE B DPNQMFY TJOVTPJE PG GSFRVFODZ !7 BT GPMMPXT�

/(") = 3F
[
/6 (")& '2% !7"

]
.

)FSF 3F(1) EFOPUFT UIF SFBM QBSU PG UIF DPNQMFY OVNCFS 1�

	J
 4IPX UIBU UIF 'PVSJFS USBOTGPSN PG /∗6 (") JT ,∗
6 (− ! )� 	)FSF 1∗ EFOPUFT UIF

DPOKVHBUF PG B DPNQMFY OVNCFS 1�
 <�>

	JJ
 %FUFSNJOF BO FYQSFTTJPO GPS , ( ! ) UIF 'PVSJFS USBOTGPSN PG /(") JO UFSNT PG
,6 ( ! )� )JOU� 'PS B DPNQMFY OVNCFS 1 3F(1) = 1+1∗

2 � <�>

	JJJ
 4LFUDI , ( ! )� <�>

1BHF � PG � 	563/ 07&3
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1- (b) a
/ Xblf))
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aylxslf))
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i
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-
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!
I

4) ftfnblt)

= 1×511-1 e- Jm-ftdt .

=nslte.im/-td+)*--Xb1-
f)

Iii) ✗ lH= I { xblt.se
'M" "

+
N ; /He

-Jantct)

⇒ ✗ (f) = § ( Xs /f-fe) + ✗if- fftfc))]
(wig party

and

freq . Shift property

of FT
. )



iiil Since 1×5 f- f-f) I =/ Xs f- f- fc)) /

and any 1×51- f - fol) = - avg / Xbtffc ))
we have :

a
1×11-11

:<
-
fi-f-w

nanflxcti )

I " f.tw#.?tw
I


