=

o=

sy

VY

i

] A
Y S
it }\

o

s

TEQREPY

s Js) 2l

Nahid_abolpour_84@yahoo.com

3/12/2013



3/12/2013

ldas Juad pu

S O et ol aalia )
Al s) slaciy y2i 5 dadia )

G2 gl s )

(2581 ) Jmsily g3 (sl S o)l )

S0y @ gt il asalda )
S5 gLelKius g cladhual o
g&:‘ﬁ él.hal.{iué RS Al )
éJ;oj\ﬁ\ A6 CuaS )
(Sn) W gusian 9 Lgdana )
d] ./:” ‘55 )
S éuolﬁué b Al )
AN yud g (AR W (539,09 »
Ol gladlici )




JE2 4 oaigd (5 T ojlil e I, SAMMI L (6551 jgis (0908 (5 yuF 0N piansan V-1 KD
s Dgign 031 iuled p 0B 3310 g ¢ Jiams ol e 35 (g JorsS (K2 Vgman) S0
&l oo boglas awgs o0t ook Lis SYLa! sz .S il o 1, Sledlbol Sl go (ludl 45 5,9k
IRECI R 55 J FRYVH L g

‘",Sa.ﬁ),g ‘éub&'\ud ot S Al

Cb 1R ol et § (S 3y oW allepan (i) (a2 Ana) o gl
S 01 s Ay o adi Jlas ) (553 by 0§ by (L JUK i aria AS Codd

Al LﬁJJJ"'.‘ ‘ﬁ\aﬁﬁu)u%hihuﬂﬁg,hg\‘g)‘g;\j@‘

3/12/2013



25 280 31a0) 3 ) 94 Cusas
measurand 28 o JId) Al AS i g b Cunald (S50 Cuas
A o8 0dmall

il aga e A (o s 0 g

: s £l gd)

(O Mad): i) cuas o]
() 8 52308 9 _ASY Jmadlig) s 0y (3 b 59 2

(G0 R Ggba (Al ) 1S i G ) -3
Pty (s b O8a Jia )22 50 438N 3 Oy ) by dd g Ly ) -4

Ly

(Bomun) W gauiaa g Lgdasa
Ay i ) s el A 2 gl e (M) gladau s 4 :(transducer) Jis
NS e Jaas Bga g8

S Jaa S S (g A A | (S 5 a1 g

R Faaly )0 52 9 CunaS )3 AS (6 50 ) (A Ay g Jadh ) g

AL s 50 A Ag Sl AS AL Jals ) o (g Ag 0ai) alew L ML g
Sl el e sdiall a dla e e g ML A

3/12/2013



3/12/2013

(=) Invasive #
Spd O 4 Ol s 4 e oS Sl el Olles 45 8 &
LBl 5L Ok 4 0 3l gl Slkes al .;,;L,oagfinvaf,ive
o el 3L

(=g &) Noninvasive #
258 o OB e 2o sm A 5550 Bl Oy 53 amls sl O
:Implant #
Gl O s 53 ol b aliny K 60K i 3 5 S8 slire 4
g_,.ud})jjgfawe&wbwti&;ujjl}wlswb

W g agen slglianid
(il 4 ) LG8 AS a1 a8) Bl ey adila 4 ) Sea ¢ G cliz dalg) Rea
S s Jpad

(strain gage) ziwoii S ¢l alila ¢ it Jasa £ o dly cQupr itia Jasa
S Jaad S A g Ay ) sl

Juala geuion (2 g A U 318 Al LSS 4t e oy 4y Sy 44883 ala

T




U (g gy
Juay il ol8linud A asiina gk dy |y gmdn (2 93 O el Y gara )
Sgad
2 JUB a8 JALE gy o8 Jaldi Jalh Can) (Saar JUS G ol (g Sbesge >
A (bt Rlad b ¢ ) gaen (pudlgal a1y

s 9 2 9o i Jliand JSA Ay ) g s 2 503 (Bl g A S5
g I3 AgmalS g S dhy b e gada 5L e ha g

EIA Glglad )

1 Wl il gy g ) AS 39 aala Gllad (ASE Ay 3l 1 s o S ] 8 s
ol il )

Al g Ly A ¢S S L (5208 &y gua Ay Al g ar llad JS (g )
Ay - g Ly (al

g e 0l 9A La i n bl RGNS 3l ga i) 3

gy 5 ) (WIS iga claalalial b Gillaa 3l 2 )
(AAMI1993) 35k S Jibuss oal b 51 (e

3/12/2013



3/12/2013

P Sas gl )

$2509 42 550 101 3 ) ga CunaS ol g3 Ly ¢ gl kS S &y Jles)
U 0 ) 1) A Ly ) g

P OIsia ) e g J S OIS G g ey 1 dlaad g JAIS JUSA) a8 )
W3 JSQ Jid 3 ) 5

LNVIQPS PP LA/

Oy BTy

i 5 s

SAdlal 4y @ 9A glaoala Juill

A WS Ay cledUa) Jua) L;jl.«.uo);ais 9

Gilida 53 Sles (slada ) <l
#ﬁm\&é-ﬁfﬂuu&\]h >

JM&&Q?:&SMAJJLMJ}‘JS“;A@J;DJ‘JJ\JJJA‘“A:\AS:?:\:\:HMQ\JIA >
g Ja) e ASh b o) (g s JlB il g Ay CpaS | 35 2 9 o e
A gl 3 éJ;Igbj\ﬁ‘ g\ﬁ&\*@dﬁ@

cww)hJJJthaysugi@#MJeéth >
CunaS Ly (0 gl i ) AS (5 500 Cuas ) ol 18 Jas gl i Ay )
(A yd G glhaa

U2 gdicre GAIS19 )0 pllaa S Ly AS ol by (500 ) (A (6 8 55 )
Jlad Al gl o iaad BB AS ) 5 aa CugaS




() Jiagd g (Augn ) Sgllif e

A A0 g ATt A g e SUal Jala LU - Sl 6 LU
i 8 daalind pagaaa 3 )y (5 laka

aas Jadd i jald g afdieend el Jala WU s Jlbans ¢ IS aw )
S 1) calida palie g gaaa

L L 5 gaalS Tl ) () g 1 Kol Ag Ui g JUaga 4y SolUT gadana )
,M\MSMPJY«SJSUI&MQMJJIAJW

8 Cigan g Olisalal Gl ¢ ) S il cana sdliags alla gLl e )
Mg
o a Y Y gara (o 3 RO s sl (0l il )

J#EQJ&JJAYL} e )
A3 cJL'TQ,AAﬁJQMQ,JLAJJAMJJ \JLAJU@MQQA@LAJM

SAblad
OV 38 31 G Abalddy ) At éébj\ﬁ\wg@\g}:&ﬁ‘ig&‘ih 3
SR e alad

ALalibly 1) Al Cul (San (5 4o 3180 alessn A9 A pali L el )
5 Sl gia aiila (JUSw BB £1831 ) (oamy | 5 AN Gl
R S (85 8 (ola (ga ) daad A cAanl dlagl ) J cedas
()S«u‘ge\”id\gmggbgd‘gh@&Mﬁhuéﬁgoj\.ﬁ\@.uy).\
WAL A Y Gla) Sy Ny Gl

3/12/2013



s (g 4K 0 1Al L;LAJ#&.'.'\AQ#@.\G

LA adad et dy b g 3 b Glesd) O ) 03 (5 a€s 1) s pita )

S Jal e A4S alan Aa 0adi (5 40 1001 slacimaS Q) sl b il )
SIS S Ola ) L g el J SIS

S (5 o 1) ) (6 sl ol s Jagl pd )3 s scalidia () lags 3 S
SISl ads O jlan Gl 3 gled il jgh Ay SE G

900359 @b dhad GWABla $5el 5 saleu i sl sladdla )
) (8 R U S uaad ) ¢ RN LS ) ) (s e ) AT
L) s @ pai Ay 0ad GoRe 31N e g9y g S W aieuu

(S @l gl A
Lol oaldiadd gl o 43 aglBa g 38 IS (6) n oale ¢ Jlisaa) BEERTINLARIVEN
AL (lrasd sWodijgh 2 pma 2 (B K ) B

S s AT ) S aly dliig S &) g

ﬂl&o&&ﬂ&ﬁ\g@b&dﬂy%J.\.\ggg&&j,::dh#‘gobuﬁ&ga\
Skl R

3/12/2013



S ‘éuo&'\ud ¢ Ak
M3 I8 Al s s sl ) o) s ) Sy oW ol dalUae

Laa b glosa ¢ Ldd alila; 3 gdina (pua A4S AnaS (b gy ()
CuaaS g o 30 < gliia s Gl g ) Amulia AS Codl () gk Ada () Sy Sy
o b 0l )

A Al ¢ e glia alila ;ST W el b A o Gl s (@
weband g Sl by el gaad 3l )

onét&u\eggmﬁMd)d@\)au\y@bb\gmﬁuhuguéyjs
JJJH(JAJL&A‘“SJMMJM-\A-\AL;LA{)AJLS‘)M

65— (P95 — 2B sl e Ailla 1S5l g b Al (b 2 (2
s

dJJJJJJ\JU&JﬂJMJ\S‘uLu\JMLA @ﬁhéﬁﬂjsumwu\}(é
A8 (galy Al

AL il g (AR g 539,
4 ol 4S Alied (WS ; (desired inputs) wsthe W90 »
Aulad laa \JL@J“\SD.\&@U& é’ﬁgg
B @ﬂﬁgb@&\@a&uéﬁw R CuaS ¢ AR B 9,9 >
B34 ) L 59, 1) sl WU a3y 9 38 sl
$29,9 2L JalS (5 8o 1N 3 ) ga S ila g (olidd g lulaa S
AL Gisllaa (g 909 031000 Ay Al g (RIS

Ao (2 glhali gcuas ;(modifying Inputs) s282 juas W 5399 »
DA il cad sliud agd 3 Slas it L) (25 aaliana sk 4y 4S
L alha gl (59 (10 ALl g 02IRD kS (oW (63,9 AR 0
a8 s cuas 1o (A W 5399
9 0MAY il 53 9,5 ¢hy () 535 Ay ad A1) g e o pllaall SRS ) (pudany
LS Jas JAINT 5399 ab

20

3/12/2013

10



Ol gladhiss

LS O Figpa ) oI S g AR s g9, J) 5 ke 4 haga e A )
SAsal cida Al ket A 4g 1) L) O g g A2

10l Ghgy Ay
‘E,J\S Q,y.ul.«.ua e.\; >
e dlaad )
JUSum (a8 jild
Al sR 9,9 »

mesl (5499 AL (b T3 gllaa sl 59 40 S8 ol 5130 4at S
,ﬁ)\ﬁéﬂ\@&@bb)\,ﬁ@bﬁbdﬁgéﬂﬁ

21

e s
6 5 sl ey g G 2 S uliiad oaind kS 5399 chy ) O g ead A4S (g
Sk Al g ¢ Gy et @A 1) (A AaS Ayl

A0l g a8 e e Sl Aial & a0 2 0A ) e il dlnd (g
A e 0l (5298

e allew 39,9 (AR g 360 aS (52905 J) a0 Ao Al g SR
2 dgdi

(Xd —-ny )Gd =
X,G,=y(1+H,G,)
Ga‘

e
1+H,G,

22

3/12/2013

11



Aaiil 3 g HYG >>1 Ol o) Cu sl dg g ja Gy ¥ gara
y = [V/(Hp] X,y
2909 <l 61 1) A i o T8 AS M e LA g 2 Adadl ) ()
S8 Gl ¢ (e
6 59 el Cph € ) B G can 02iRa b 2909 b S H S ¢ AL
9 B i a5 S O 6 it 0 gl Y gara ) 58 e il
ol i Aol
Olasi 4 sata (Saliia g LU AS Gl gl dhad Sl ) salilin) sres i
WAL ) sl AU g gl Gy &) 0 fag dg ¢ agdia

JuSom (a8 il
S e 122 (Ll LAl A L (illaa 1) W « ilb Ly )

i el o AS JUSou ) and Chadal Al g 4y 1) Jes () L LS I2) )
AR e alad) ) el b

Q&dﬁf_..\u A3l AS Sl @\MUJ,\Q“:\MJ ‘J:\-‘:\é ‘gb,a S A a5 el )
S 10 padlia g bra L)) d g

g adaliaia 8 ol 53505 3 Olgien 1) g s il (5 xS ) A Jaa
B o 2 g A 4d by ol

3/12/2013

12



b (bas cliila gl L S1Sa Jgua) 31 o sla g s b LS L5800
JAblal cida ‘J&MQ\,&AU@M@J\,JJG&S@M&M‘ wh&ajﬂﬁ\

O (S dida gl i) uglaliig g Sl (33,8 aludi 3 (08 abidi ;e
W8 S A (AR uhaliia g (S i)

Allda qugAJJJ
oSl g AR W a5, By Al AR gl sa909 58 S 4
AJAJJ:‘S:‘QCJ‘J;(;‘:' ) oaia
Sy s.\i\,&@dh“@&@d\,&ggc&a\ OSaa sdae B39, O
sy
SR A i b Jd ) i 1) thaall 2 g A Laddlipe (28] Cida
5 ia) Qb RIS 69,9 JUiSaw i g 303 alad) uglhaali g caglhaa
il sl g0 Gy 298 1ay Gy gt Lb gl AR S8
W8 S Ay S 0283 S W (539, <l SN CBda () O e

3/12/2013

13



3/12/2013

Ml i 20 @

dedze @

S G 2 )8 @
S5y Sl s (S akb @
Do Slain @

. :

14



3/12/2013

6)j‘ )‘ L;G‘}’ of @ )4 . V.
et — Il Ol
o b S
S sle bl )
otloord (sla ual | m— PRUE  — S
S sl l L
T O J— 535 ) S0 JE

(S OL,>) O

29

(=) Invasive #
Sph O a4 OAS b 4 e &S Sles — aii Clles S
ol V'Ub SO 4 0l 3l ¢l p Slles pl 53 50 e s inva§ive
S S I

(> »¢) Noninvasive #
23S OB o p 200 55 Sl N L5 amls sl s

:Implant #
Sl O s s s b s K (I i 53 5 il glas

By S e oK i 35S O3k S Al

30

15



Invivo =

358 o Doy 03 ZL b lae 53 oS SLlesT 5 S o5l &
58 o S INVIVO Mol

Invitro #
Juﬂf s Sose o) gL.éL L;"’" Ja.:>u 3 C)L} 53 &S Q.«:L@.:JS o3l 4
Hodjkin-Huxely bl Jis olse w0 58 e auS INVILrO olislel
T L OseST s L e INVITFO. bl o 5 S ol 0seStsss 2
Mbgfﬂf; axlln S48 eK.«;l.“nLAJ|)b &_»SJA JALA Q&Lﬂ

31

Sy a8 Il S el LS sh

.

— | - T
e i L

SN Sl s A ysE SIS Jis

S 6,8 ol Cos I ool a el sls
S JUENEE
sl

32

3/12/2013

16



Al e sled 4 (S edige ($5S 03Il a8 (55508

ek Hlie & (S35 slo i @
o S S Su e ot s
Pr 3 Sebse b has dal s ol Ll S

35 Dbt Wl el ol e s plonil 0,87 o 01U 457 (5 ook
5 e S glos Lo e Sl 5l b LT s 0 !

33

S G g 3 58

=S o sl T S5l o 4 e

P W
b

I Q?JWLSJ.‘.§°)U”“/|
! ]
i 05 b RS o3l Y
i / i
| M)};M.,,uugi;m;gwéggw\/i

3/12/2013

17



3/12/2013

L S eS| (65 5 03] ke W38 e o 8 o5lil v

oy PH 3 o3l v

(s @L» Hlid 6,8 el v
S Sl g5 (5 S o5l

O gbes (5,8 o3Il v

|
|
|
|
|
|
|
|
|
|
|
|
|
| S

35

S sl g (g add

Ll oo gy alb atis aw 4 by
D5 L2 5 Las o e e (S Y
S S Bl e etV

A ke e ldeily o Bal S bl e SSUY
EMG , EEG ECG

36

18



o SN gla ) g

%deo.b)b L;'l/;&“ OJJ”JJ” Lsu‘),}“‘"""" ch‘)‘}w.».w w‘\/
j&l_a‘)}‘_su}f‘)ls‘).) ‘)LS‘ °‘}_.'.‘9QJ’:'-S")J",}"ZQ$A°J’.‘.AL' J);’Iﬁ‘
J....Sdal.a.”.\ 2SS

e :

S lpds aab

m&@ﬂ:j:gousﬂ)lsp&lb ) S ) seis Ol g5 o0
3 S

ML&&LAJJ LSL@;!M)D‘)W‘)\ o.)u:.w‘@
aJ‘Jé)jT@?-J‘})G..AMé&ﬁ C)Ls.:s}d.‘)})w‘j\ o;l.é:w:\@

e :

3/12/2013

19



i B b ley 4 6,80 4l el Ol oo 1) L g
50 S 525 S s Sy o bt

(ol o) oles o0 B

N A

g il

(g doals LB

W o e

il Ol ay 3L andls sy Jo ol 05 (6,8 o3Il S sl S
(omlg 8) 50 s (6,8 o3l 5550 Gia L oS () g G N
(orlg) 358 adlS >z Gl 5l .2

31 oslizal b 45530 53 Wl el jtisllan sl 5S35
S Gl s &S Gln 5L sy SeYbL al ) s
r)JJ}obcobd%ﬁfrﬂ‘}‘)ommgbﬁjbf\ﬁ&}

s

3/12/2013

20



3/12/2013

ﬂ‘)%ﬁu&w)bj.lﬁbéwg J{'LQ
sl 4l

L}_Ao.)\_ub‘,}yms&‘ )bf}‘p‘.l}v\ibdv\ﬁ»bj
AU Ol a5 9558 JBla> L 55

41

21



e | S s
;J)"‘; iﬁ , ECETENEEPREW m— Y 5
ST AN s{“fﬁ
o 6L°ﬂ‘i
20— O — oo
S S el )g
2t oy (RN = S

(S OL,>) O

o :

- & .

Sl sldisn s

AL e ey S g 3 0b i slebr cualie
Ates g S i 3l Sl LIS

ol el 5 SN gl &1y e sl ol L Joie @

4 S O Jhe 55 S pn 5,5 e el 5y Sl a5 S

e 44

3/12/2013

22



s g S s 5,8

Lot ol o Wl Jiml 5 Sl cWln cilspe
PR GANY

S5 e sl el (6,8 o5l #

Sy SIS o

P :

O X PPV | UL SRR SPRPE. o | VR I W

S Doz Ok F sl
ol LS s g Lgoons OL >
: D g
Lslelr 4 O s S slelr

@

M
I
I

(;‘hkn

electrolyte

5 s ORI WS Wi I

S Do se

I
I L __ I

3/12/2013

23



|
|
|
!
ks S s
; |
Wl AT T 505 xS B CT Glgssls bals s S

|

|

—¢

Electrode

O —> —4-

c—

c-—

Electrolyte

Lﬁj‘j;ﬁ‘— Jj)’.’i“ 4.!2.«:'_3

Hsln gl daly Gl

CA:.S}JIQ| BE ( L@JP[S) J)JJQ‘

SL A 3 0 N el 5y abys
Ll s

6503 O gl denST EJld pioean b
--*55;;‘&-’?;;‘*’;'5“‘%‘)@)?‘

48

3/12/2013

24



o o5 Jemil

Shsl sl 5 dmes S ‘_;L@_'Lij:- Sy T "_;:La. ‘.QJ\J-.L% iy

chJ§ oo abse ol xS gy g apd ale JI5L o 5,80 S By
.:ﬁy@;ﬁﬂ\ﬁgbﬁdwﬁ):)J&!lckdjsqbdu)lf@edc,.:«l.,

& e e . Jeiles ru_ L ewly Ol S sl ] ol

Ll

'cViwé&b}ﬁ\ L;b.,)d)/\,vjs.h &utﬁ uejs.'o LSL&JJJ'&” LS‘J” <
.w\@ﬁ:)ﬁ\@wd)

49

?L’ ;ﬁ;- - é‘ }u—ﬂ» .l-.d“
el Gl B il

cCl e e JB e s lLL sl opl0

50

3/12/2013

25



b el NS

EKG - Baseinedif
0

i Olge 4 cwdl Ll el ol s
- l s (Gl L= 31 Ol =il ) Baseline-Drift
,LL ol '

il 5 e 5 o ol o .
L B o BB s Ol O Dk ol S ol i
LOms-
-0 . . . :
o1 2 3 4 5

c3gs Bl AC gla oS o 0 5 b 5l Ll e el Ol s

S 35los asntie d 31 S| s 3 teesl 3y opl Gllae lide
s elS

51

(D39,48) g2 o 34 S

[
;_ .................. 3 |)j 4_19}9 cC»-w‘ R a.L;..irj.; aL:...u g‘:"“})\i I
I Wireto | . &;».w‘ ol
i other holf-cdl Hy(g) N | I
-”m AT BT s e L Ot () dbime K|
.« 8a) id ge to N N 5 . .. o
imlmlml;mn I H | | -3k TS s) ‘d’j“ 6‘3’% 3)7&5‘ |
el i | G b 3 o4
i | Pt | | 55 s b 55 W@issda I (s)lie b |
: sl 5ot e oL sl
| e o H{aq, 1M} I | SREPE 0% % J:Syi LSJJ; O)“))"\':'f I
) /,_H'_\ Plluelem'ul}wl | o bj,w * (_}i"\"” I
|_ e . .
| SN 53 LSl g ods Jgloms 55l Ly >
| Sl o AL |
| H, 2 H—2Hy +2e- |
| I
52

3/12/2013

26



oﬁJﬁ\.; J‘,G Lgl.é.:‘gj.'ls.”

-_—————- - —_ = ——— — — — — — —— — =

|j EPP N BUWI WILINERS Lg)bc.aﬁwgbf Solp rl.i.\.a).ab
I slel >~ fobo= 3l goae el > 5 LS o jse SMPItN]
| il e (O3 alie) el

|
|
: o3l JelS e T8 o 50,8 b el slass S
|
|

|)‘}..9w‘f\.qj))‘.bbduw‘C,*LGJOJJJJLQJJ&J‘}ALJ;‘}

IL5° S g b(VC) )LJ)J.«.J.’)OJ‘JJZ.JJ ‘) L@.»}.a g_ﬁla.lﬁdbf
|
|

.JJ}\

sty B b slass Sl

|L§‘f’ 4.(;\ Q)JJ)LSJ‘)‘LQL)}
@ | J,Sda)f.c.ubw\:

|

|

. |

Aglead wire | Shls o g—e il IS 55 Sl n |
AL e S MBS ol

|

|

|

3/12/2013

27



Ag-Ag(Cl 5,4 s

! cﬁ.ulngL:;ﬁoJL.LUlSLfﬁp.”SJSj
| : ) |
el CIT058l ol &S 5,5 13 Lo 55 ST (65 S i b |
! S el s slessly |

Ag <> Ag" re
Ag" +Cl” & Ag(Cl

ey :

leis 635 S el el Clmlg ol (sl 0 ST 51V
S5 g Blaal gl S S e sbml bl L W5 O L

el 0T 655 S SeSasT 3 03 oS

3/12/2013

28



C;Mﬁ:—bjj;’gj‘ ‘da..w‘j

57

.@\aﬁ&aﬁiﬁ‘xﬂsax@;@

.b)‘b C;\.wﬁ—)jjfg.“ 4.]4.&“5 L ‘)J:"EJ Lﬁ'M
-Q*“‘M*:J:i-:ﬁjfi-"‘iy“—“)"’j’;“iy;ﬁ‘

58

3/12/2013

29



3/12/2013

—
S
I
I

|._._._._._._._._._._._._._._._._._._._._.

et ks aN

55 o ekl Stratum Corneum L horny s oo e LS55 o5 ,0 slgdsle 5148 Y0 2Y .1 |
-

555 e ol Stratum Granulosum S Jaws &N .2

5 o ool Stratum Germinativum s s )\s edgm |5 L gl xle S8 cp 54N .3 |

Stratum corneum
“barrier”
Stratum granulosum

Y T~Stratum germinativum

Epidermis {

Dermis

Subcutaneous:
layer
&y

Figure 5.7  Magnified section of skin, showing the various layers (Copyright
©1977 by The Institute of Electrical and Electronics Engineers. Reprinted,
with permission, from IEEE Trans. Biomed. Eng., March 1977, vol. BME-24,
10.2, pp. 134-139.)

59

LQJ}'S”— éjj'g-“ J.La C,.n‘g\.é.o

:.3)\:;;.“.5):{)'&/:\}94.3;‘:5)]:_{3\— 55,8 glas »

e}

(horny w¥ o5 o 51) 0T 038 esbel 5 gy Lal
S S s s g DS 50

3,080 G 035 osbel 5l a8 Jloy ke

bos o 51 2ol Jalse

e}

o

60

30



horny &Y usp 5w 51 sblje

| 352 om ) GO 2501 s Wl s hOMNEY LY 2

| .Ll‘Jﬁb&‘y@b}ﬂ‘))éﬁ)‘%lﬁdu)u‘gl
| 3

I I
10dila 5 eee 5 USU C Osmal sl slse b gy 055 S aher|

lL .J;Jss;)\js&\“;uwbjswﬁ:

61

\) 59,830 dslas il R ey horney .V O3 e SV
I)\wbww| x\yyézbjzjbb&|vﬂMs&wAlS

| qugjwaJ}L;Lau.iM)

i

| Jelse 505 5 et 1y Sy ol ¢ Yl B3 G 1Y
:wf Gilos Ls) O s Bb 3l das e il e
IA.N S Sl e s d‘Jb'i' V""J sk s sl sk JJ»}
3sd e oyl O el ) e bss hOrney b =L

62

3/12/2013

31



3/12/2013

_________ e Iy S oy S sl e ) C:
Ol 4 Conslin dos il 53l ax 53 oo slsl o NaCl <3 31 s
S 1y 28572

63

S o sled s S

Dy dal gt Cte 4 9o &JDJ(’K“AJJ g S VL e slas
0L se S5 0S5 ol o800
&..{J}th.{;.ﬁjbjl.aﬁ.ﬁj.ﬁ LJ,:.ALS.

o2l Y Canslio b (sletd s S 51 tilan oS gl a4y Oy 3 g0y

S

32



3/12/2013

s s bl edes sk S > CSas,l
G35 R 5SS s s Sl ol (W
.Q\wéﬁ}qwﬁéjﬁﬁ\&wb)éjh

R W L S s S Sl
Cde LG LISYL A 5l eslizd L AAP, EMG

Al

S ol S & s O Gl Ll b
Ol yials gl .ol K2s BEOG 5 EEG ECG
Sgh oooeslatal oy Ve LB e 6u;,);§31 Sl
S8 558 Hommey 4N s, o0 31 Les
el 5o S o S

65
1+
10- 1 )
- dec potential
102
p——AAP—|
| EMG
1073} T '
-i_ ECG
o 10 YHF T EEG | f
-
: | i
z —— EOG L
3 v ‘ L
> 1073 I | | — L
0.1 1 10 100 1000 10,000
Frequency, Hz
66

33



3,8 9 IS a5 Las g 1SN gas anws
&_ &wﬁl—iﬁb—aﬂ&tﬁ:)ﬁ‘}
}“6 - Gy o (S35 3 K il ©

éﬁQ‘}yCub&‘JJJ}wﬁc&AAﬂ) L;Lﬁ)wjﬁm::bf ©

D ILAJJJZQ\)JQ:A >
e e G S

67

3/12/2013

34



‘_?da...u‘_gl.a.:‘gfﬁ| t‘jﬂ

S b o 55 Sl
PR VIEPICN IS
ol 5 SN

Slanil LB 5y 1IN
Sz 5y ;I

3/12/2013

35



3/12/2013

36



Lg}l.éw.:}jﬁﬂ

il ol OA S5 Sy glasls b e b

el B by N (K3 el 1 LT i EMG o
°)I>-I EMG .L»I_» LSL'@‘.’. Q)}; L;I)MQM’oﬁ)W J»I.; I.hb}fg.II U'iI &I J)};}I{
J)&&aJL&wIL@IJI ¢J~AJL;0I) L;SJ} olalizel Ga-

Az ECG (slass xSl 5 S oS b3 i SIEEG 5 EMG (slas 5 =Sl

Wl a5 1 35 15 5 555 s 3 & O e HLSG glas U1 51 LSS 5o
L)J&)Mwb&b‘L)IJJf}Q&dJJb}fgI%@dIﬂ&u%
JUJIJ))}J;@JWM%LIB)J.:A}QD)JWLAQ;A}))ILA))}QI

73

Snap
Metal disk and electrolyte
Adhesive tack on
(Top) (Bottom) surface of

foam pad

I
I
I
I
I
Foam pad |
I
I
I
I
I

(c)
Figure 5.14 Body-surface biopotential electrodes (a) Metal-plate electrode

I used for application to limbs. (b) Metal-disk electrode applied with surgical tape,
I(c) Disposable foam-pad electrodes, often used with electrocardiographic munl

limring apparatus. I & I
AR @ |
| = Xe I

3/12/2013

37



S 5 9 7SI

Gl SlS 53 03 28 Sy g w0 LIS B ) e Sl e bl w5l
...L'o)) gf‘)K" ECG CMJ

ool 3 Gy L lg o 3l 0dels oS ol (gl szl &y o O (551 oS
Sl Ol b g a5 Y by 5 A4S Gl |y g WS 5 ey

OF e Jlid 5 586 O ¢ 358 o o3linal ob 58 Olay linlosT 5 Lass I -yl
gf))..v LAJ)JJ.{“ u,“.‘ &l.:\L)uJJSJ)U L;'L‘J"“p wﬁmv\a‘jyi)v\ﬁ J'.‘Y}la):

Lo alea g sl il 5 ol oS st o U T iles o Jy ¢ 3L

A e et VU sl

75

Lf‘i‘iﬁsﬁjﬁ‘

Rubber bulb

';;“b
Lead wire —%
terminal

Figure 5.15 A metallic suction electrode is often used as a precordial electrode
on clinical electrocardiographs.

Contact surface

76

3/12/2013

38



|2 20 S a2 055 S 4 S S gle ST S Gl ]
i el
| I
u.,;lm C..ajs)l;ﬂje o 53 55,580 5 aS ol b s s xSl Shs |
I)bﬁ&fKCIJMLWlSJ‘)fg‘AJ&)JJ‘.\Jw).aLWL}_{AKAI
I:\.NLg))\)Lgﬂ@.aw‘>)|xv§.¢KAv5J>>jf§J|Mg,wdjbmd|g‘y-l

i sl Ag-Agel 5o sy SNl 5B e

78

3/12/2013

39



Metal disk

Insulating
package

"
Double-sided
ad’\tsivc-lap:—___.m:
ring

Electrolyte gel
in recess

Snap coated with Ag-AgCl  External snap
Gel-soaked sponge
P cip Plasic disk

Foam pad ek Barrier layer
Capillary loops Dead cells

Germinating layer

Collaasl U5 5 5 S

Q;'wij.b.l.géu:jj:ﬂ\c.s)b\)d‘..li‘.aﬁ.&«éwovgclaﬁoﬁ
OLES O o pwdin SlaiS L 1) i 8510 Al 5 ol LS
XS sl W5 o b Gt S il addl 5 L

Ky o LK )l 5l olasl (gl olasil LB glas g ST

80

3/12/2013

40



3/12/2013

Conductive
rubber Mylar film
with AgCl

surface

|

Pin connector =
Lead wire

(b)

AgCl film

__—Agfilm
13-p-thick Mylar
substrate

Conducting
adhesive

(c)

i "‘:in'g.”

G .L")‘.) J)JSQ‘ J:.q.>- L )L;.’ ‘J':'; BE) ol C,ou LSLAJ)JJ;.” @Loj
.J;,ﬂvﬂ\f:Ujgmjwﬁmbowt&ujwu Jlasl

.JJ))&)K.} Cﬁ;.bjig‘)‘ oslaial Q)Ju&dbﬁ))/,ﬁ\

Vo Loy Spds Jaul b Sy S glasy S5 s

82

41



3/12/2013

Sl glas g 2SI 51 eslimal Y

ol St cdy xS e s glas S 5y Jgene lasy xSI s
Aas o 1y s ol

o3litul lie J5 5 s S 5H L (5 L el je) st 05 801 SO L
‘-’}'j’:‘:"@-’.')l{ QJJ&Q‘)WﬁwCJb— L.J'i‘)') Al ij oo glite
i dbml ol 3y e e S 0L m 55 Dle &S > L a5
S s Sl Cob Jlas G 055 5l pomen 5l

.ssjf.:n;)buﬁ

83

Al slas 5 2SI (

Slagle bilys 5 digy o 5,8 0 Ll 0553 o3 b S ol O
)L;.' QJ;}J)/&.{“WLS‘ 4.54.«‘} J‘}A@AM.’»AJ‘J >4 9 L;)'L’/ C)l}-
AL e

Y S SO Ip ) WIS PO T A PR S P |

84

42



3/12/2013

|j]~>6}4LJ¢¢M‘W}|Q)}MJ‘6|MLL&)}MJ}JQH
| S Lasy Sl pl opd o atle le slpe Sl gl azas,
: L))@J&Mgiﬁfu‘”&“);wj:
| Ly 2 SSECG s o~ > Jlesl cd sl 6l 5l o5
: “UJ&)&;UMCLJECGWLSU,@J@:
| &\¢w\é>bcbw‘j.})‘.})bﬁr¢)ﬁ‘ ¢L¢6~uﬁy|
IL .gj\mijCG&)mw

85

Lead — Coaxial lead wire

Hub

— Insulating
coating Hypodermic needle

Sharp metallic Central electrode
(@ point (b)
Insulation
Hypodermic Fine wire
needle
Hypodermicyigs > Uninsulated
Electrodes needle barb

(©) Insulation (d)

&—— Fine wire & Coiled fine wire

Uninsulated barb Uninsulated-barb

(c) ®
Figure 513 Needle and wire electrodes for percutaneous measurement of bio-
potentials (a) Insulated needle electrode. (b) Coaxial needle electrode.
(c) Bipolar coaxial electrode. (d) Fine-wire electrode connected to hypodermic
needle, before being inserted. (e) Cross-sectional view of skin and muscle,
showing fine-wire electrode in place. (f) Cross-sectional view of skin and
muscle, showing coiled fine-wire electrode in place.
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/] ot

Electrolyte

Figure 519 A glass micropipet electrode filled with an electrolytic solution
(a) Section of fine-bore glass capillary. (b) Capillary narrowed through heating
and stretching. (c) Final structure of glass-pipet microelectrode.
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Figure 7.2 The role of voltage-gated ion channels in the action
potential. The circled numbers on the action potential correspond to
the four diagrams of voltage-gated sodium and potassium channels
in a neuron's plasma membrane (Campbell et al.. 1999).
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Figure 7.1 The action potential of the nerve axon in response to electric stimulus. The
depolarization process first occurs at the stimulation site. The action potential then travels
downstream fo the recording site where a penetrating micropipet is used to pick up the
intracellular potential with respect to an indifferent reference potential.
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(Flgure 4.8  Sensory nerve action potentials evoked from median nerve of a:
| healthy subject at elbow and wrist after stimulation of index finger with rng;
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ithan the delayed potential recorded at the elbow. Considering the median
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Amplifiers and Signal Processing

(Chapter3)

* Op-Amps

« Common op-amp circuits

* Differential Amplifiers

* Some Applications

* Phase sensitive demodulators
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Why Operational Amplifiers?

* Most bioelectric signals are small and require amplification.

* Most sensors (body motion, temperature, chemical
concentrations, ...) needs interfacing to electronic systems.

e Most bioelectric signals need modifications such as frequency
fitering and/or kind of nonlinear processing.

* Operational amplifiers have revolutionized electronic circuit
design and the need to use discrete components.

e

Operational Amplifiers

e




Operational Amplifiers

e An Op-Amp is a high-gain dc differential amplifier.

* So the nput-output relationship of an Op-Amp can be
demonstrated as below:

B O@w

' e>— ]

Operational Amplifiers

» For simplification of the calculations, the following
characteristics are usually assumed for an ideal Op-Amp.

O 4 = = (gain is infinity)

Q v, = 0when v; =1, (no offset voltage)

Q R, =« (input impedance is infinity)

Q R, =0 (output impedance is zero)

Q Bandwidth = = (no frequency response limitations) and no

phase shift.
R,
v O WAA -0 v,
o SRy Afez —w)




Operational Amplifiers

e It 1s svmbolicallv shown i the circuits as follows:

9} Oy

Operational Amplifiers

* There are two important basic rules (or input terminal
restrictions) that are verv helpful in designing «

at termunal he same voltage (Usually when
there 1S at tive feedl . a connection between the

(output) and the (- )tenmnals of the op-amp, it will be
working in its linear range)




Operational Amplifiers

* There are (or mput terminal
restrictions) that are

(the mput mpedance is assumed to be infinite).

e

Common Op-Amp
Circuits

-




Common Op-Amp Circuits

Inverting Amplifier:

1=Vv;/R;

V,= -1 Ry

Vo=~ R/ ) %

Common Op-Amp Circuits

Inverting Amplifier:

1=V;/R;

Voz ' { Rf

Vo= =LA W




Common Op-Amp Circuits

Inverting Amplifier:

* The mput
signal range

N input-output plot

Common Op-Amp Circuits

Inverting Amplifier ( )

Vo= - Rel[(1/ Ryp) vy +(1/ Ry) vip + ...+ (1 Ry) v ]




Common Op-Amp Circuits

Non-inverting Amplifier (

Common Op-Amp Circuits

I, =0
o= V; mj x .
V,=1(Rf*R;) v, > |
v,=(v;/R) (Rs #R)) =
'

Vo= [11 (R /R))] v;




Common Op-Amp Circuits

Non-inverting Amplifier:

P —1° The mput
o e -
—————— signal range
19V -J kg .
lope=( Rf— Ri)' Ri
-1‘0‘- 0—-’—. 101‘-

|
/
! -IL v

—

.
1

Differential Amplifier

e



Differential Amplifier Circuits

Why differential amplifier?

. during the biopotential
signal recording procedure (like the mains 50 Hz)
of the

differential amplifier hence is cancelled at the output,

and amplified at the output.

e

Differential Amplifier Circuits

A simple differential amplifier:

=(R4/Rj)




2

Differential Amplifier Circuits

A simple differential amplifier:

()=o) =vs " Vs

V4 5
vi=[vy/(R;tRY)] R, %m

Differential Amplifier Circuits

A simple differential amplifier:

Ry =AR) =1
Ry Vs
V3 O A e
=(v;3—v9) /Ry :




Differential Amplifier Circuits

A simple differential amplifier:

R, v,
Vg O\
=(vs—V,) /Ry :

Differential Amplifier Circuits

A simple differential amplifier:

1] ve=[ve/(R3+R)] R,

2 I.=(V_;—V5) /.R_;

3 I.=(V5—Vo) /R4

l Removing rand vy —» (R;/R)j)



Differential Amplifier Circuits

A differential amplifier:

circuits at the mput of the differential amplifier

Differential Amplifier Circuits

A differential amplifier:

to mamtain two stage gain




Differential Amplifier Circuits

A differential amplifier:

Differential Amplifier Circuits

The of the differential amplifier:

I';\
I Hh

!
O——;’
K

The differential gain of the first stage



Differential Amplifier Circuits

The of the differential amplifier:

Vo / (Ve - v5) =(Ry/R))

(v;=v) _(R;+2R)
(Vi —v) R;

The total

Differential Amplifier Circuits

The of the differential amplifier:

. but
and can be measured as follows:




Differential Amplifier Circuits

The of the differential amplifier:
. is defined for a differential amplifier as follows:
* The
* The

Differential Amplifier Circuits

The

eIt has a

* It has a as shown
below (left) compared to the simultaneous alteration of the
two component in the original differential amplifier (right):




Differential Amplifier Circuits

The advantages of the modified differential amplifier:

( +2R)

Vol (v —v)=-(Ry /R
( 1 1) ( 4 ') v, ,,/(V4 - t3) =(R4 R3)

Ry ‘.
V3 O

Some Important
Applications of
OP-AMPs



Comparators

Why we need comparators ( ):

Comparators

Why we need comparators (Examples):

1%
A ———(f /' V |——| Comparator ﬂ
ECG




Comparators

Why we need comparators (Examples):

Comparators

If (v;>v,.9 Then vp= -vpr

If (v; <V Then vp= +*vgc

The Op-Amp itself




Comparators

A Comparator

M= (3 # Ve /2

[«(-) > 0] or in other words
(Vi > - Veed Vo= - Vee

[«(-) < 0] or in other words
(¥ <= Veed) Vo= * Vee

e

Comparators

A Comparator

o If the mput signal is noisy, then a comparator with
hysteresis will help




Comparators

A Comparator with Hvsteresis

. (the earth) on the positive mnput of
the op-amp, is used.

Vio=(VoRjy /(R;+R))

-

Comparators

A Comparator with Hysteresis

Vio=(Vo Ry /(R; 7 Rj)

W)= (V; # Ve 2

The mput-output
characteristic of the
hysteresis comparator




. is necessary in defining the

x

E=] x()?

=0

» Some applications can be found in

* Due to the of most of the bio-potentials a

-

Rectifiers

A full wave precision rectifier
» When

* The at
the top is active making v>0.

* It can be shown that:

mE
; >——° ~.  The mput impedance of
| - the rectifier is very high.




Rectifiers

A full wave precision rectifier

» When

* The
making v, >0

* It can be shown that:

* The gamn of the circuit is
simply controlled by only a
potentiometer (R )

Rectifiers

A full wave precision rectifier

e The of

the full wave precision rectffier

e



* The makes use of the

® I
=0.060 log ( /Ly
ks l VBE
vge: Base-Emitter voltage ——
Ir: Collector Current I

Is: Reverse saturation current, 1013 A at 27 ©C

“

Logarithmic Amplifiers

The using an Op-Amp is
as follows:




Logarithmic Amplifiers

Vo= -VaE
vo=- =-0.060log ( /1y
Ir=v;/R;

l

=-0.060log ( / R; [y

The logarithmic relationship
.

Logarithmic Amplifiers

An_ of output:

vp /10 = -vge

vo/l0 =- =-0060log ( /L
Ir=v;/R;

l

Vo= log (v;/ R; Iy

The logarithmic relationship

between the v; and the v, with




Logarithmic Amplifiers

Some.
. (signals)
Log [A9 p(9] = Log [49] + Log [(D]
. (signals)

Log [A9) / p(9] = Log [43)] - Log [(D]

. to small ones

» When it is necessary to find the . we
can use an analogue integrator.

* Some . and the
cardiac output estimation from the volume variation signal
of the left ventricular.

-
-

E=_|x2

eIn . we use the
. which is as follows:

V.

t1 ¢
v.= (1/0) [i.dt i |
M o




Integrator

*An

circuit 1s shown here.

* When the
units of
time, a current

producing following
output voltage: d 1

t1 t1

vo<1/0) /‘gv,u-R) dt 1RO 4 dt

Integrator

* The

is easily
analyzed as follows:

V. Jw) Z 11w C
Vi(jw) Z R

where

As can be seen the gain
of the circuit is decreases

R




Integrator

« ):

A . which
generates electrical charge can be achieved by an integrator.

cA

generates electncal

charge (current) that must
be amplified before using.

of the above system {=Kdzat ’ ;
R e &- .
“~——
Integrator

Application Example (A charge amplifier):

The

as shown below.




Integrator

Application Example (A charge amplifier):

BN Bccause the FET-op-amp negative input is a virtual ground, i,

Lg = 0. Hence long cables may be used without changing sensor sensitivity

or time constant, as is the case with voltage amplifiers. [INEGNNNEGEEE

Sy

Inteosrator

Application Example (A charge amplifier):

Therefore, . permitting the
whole charge to pass to the integrator.

e



Integrator

Application Example (A charge amplifier):

. it can be written:

: e

[ dooc | OS6sec | 182sec
» When it is | ’
\
| Pa | ¥ a
,_/\\’ o, & vl p— : A r
~L’ Vi g /
x
-
» An example application
s to define the location HRV Time series
of the © 2 ™
. for heart rate ? ¥ Ii,"l"{
sariability studies or z Ak ool A M WA
) x wm ‘“'k'”. 1‘*,“'” "x’m‘.‘.‘\' A ‘A"‘ 11 ' ol
~ . |

asuring the heart rate. f ' '
k ‘ ln'mr Index :
\




 Similar to an analogue integrator in
we use the
. which 1s as follows:

L= C (dv./d —

Differentiator




Differentiator

» Considering the . the capacitors current
and the output voltage can be computed as below:

Differentiator

» The
is easily
analyzed as follows:

Vi(jw) Z R
Vijw) Z, 1/jw(

JwRC JwT »nO

where 7=RC. ®=2mfand
fis frequency.

As can be seen the gain of the circuit is



Filtering
N
| {, (\,\1(
4 Low pass filter VK—_\
150Hz 7

150Hz 7
~—




Active Filters

A low-pass filter

(1 + jwR/( l/\), R, |

where =R ®=2mfand fis frequency.

* As can be seen

» For . gain is . but f £ goes to infinite gain goes to 0.
Active Filters

A low-pass filter

Low pass filter
4

v




Active Filters

oy

Active Filters

A high-pass filter

‘.‘,( ,(1)) /r l(:
Viljw) VA l/jwC, + R,
/mR.( ., R; JwT
| + JwC\R,; R 1 + jor

where 7=R.C; ®=2mfand fis frequency.

» For .gain is 0, but f f goes to infinite gain goes to

S~



Active Filters

A high-pass filter

High pass filter

4

Active Filters




Active Filters

A band-pass filter

(I\,. /ll)( ,)
Vol jw) Z; [(VjwC)) + R/
Vi(jw) Z ljwC, + R,

/(')l(y(‘. .
(1 + jwCR)(1 + joR,C)

Where o=2mfand fis frequency.

e For . gain is 0, but when f increases gain first reaches
and then by further increase of fgain goes to 0 again.

* The lower and higher corner cut off frequencies are
F;\ respectively.

Active Filters

A band-pass filter

Band pass filter

4




End of Chapter 5
(Ch3, Webster)

Please See the Problems at
the End of the Chapter

e



Phase Sensitive Demodulator

In Chapter 3 we learnt about the
( ) as a displacement sensor

: "
wor

ri‘f’"‘\
G | N I

180 dagree
Phass changs

The amplitude of the rectified . . /\ o
output signal is proportional  new \/ ™\
to the displacement, but dose .
not provide the direction - -
. e Negune
Phase Sensitive Demodulator
» It is necessary to use a phase sensitive
in order to correctly detect the
direction of the displacement.
» When using a (demodulator),

we get the same signal for both of the following signals:

gy

/NN
/ NV




Phase Sensitive Demodulator

» But, what we need is a phase sensitive demodulator so the
outputs for the two mputs with 180 degree phase difference to be
as follows:

: /\/ VA

A \ N
* In this way we can detect the direction of the displacement from
the sign of the amplitude of the resulting demodulated signal.

e

Phase Sensitive Demodulator

e A is shown below:




Phase Sensitive Demodulator

* The to the phase sensitive demodulator
as shown below:

D,

<
U
Ty
)

Phase Sensitive Demodulator

* The LVDT must connected to the phase sensitive demodulator
as shown below:




Phase Sensitive Demodulator

* The LVDT must connected to the phase sensitive demodulator
as shown below:

Phase Sensitive Demodulator

* The LVDT must connected to the phase sensittve demodulator
as shown below:

v
J
&

+ 1
,-
_1::. .

2




Phase Sensitive Demodulator

* The LVDT must connected to the phase sensitive demodulator
as shown below:

)
é

= . |
w3
+:

N

Phase Sensitive Demodulator

» Therefore, the output of the phase sensitive demodulator is as
follows:




Common Op-Amp Circuits

Application Example:

The output of a bio-potential preamplifier that
measures the (Section 4.7), is an undesired ds
voltage of (Section
5.1), with a desired signal of £1 V superimposed. Design a
circuit that will balance the dc voltage to zero and provide a gain
of -10 for the desired signal without saturating the op-amp.

Common Op-Amp Circuits

Application Example:

1
ANSWER Figure below shows the design. We assume that v, the balancing

voltage available trom the 5-k{} potentiometer, is =10 V. The undesired
voltage at v, = 5 V. For v, = 0, the current through Ry is zero. Therefore
the sum of the currents through R, and R, is zero.

v, vV
— e = ()
R, R,
' 0t 0
R, Ryv, 1 (- 10) 2 % 10° O
Vi b
.4
1002
‘m‘




Common Op-Amp Circuits

Application Example:

For a gain of 10, (3.1) requires R/R, 10, or R, 100 k2. The circuit
cquanon 1s
! vV )
R, :
' ( Ri s Rg )
Vs
O
- . ( 10* m‘) U e 1T
) 10 ( ) ) / \
- +gn
£, —
8 Y = i, = —
=
- . L,

Logarithmic Amplifiers

The mput-output characteristic of the loganthmic amplifier

» For

and the
relationship between the
mput and output voltages
are logarthmic as we
saw before and shown in
the figure.

e For
and the

op-amp is saturated to
=
\




Integrator

and
tl units of Re Rie
time, producing output o P
: s
voltage: “ .
vo<XI/RO) [v;dt + v, | it
. k. S,
QQM—
0
' -

allowing areadout
of the output voltage.

e

Integrator

*If an is
need to apply to the output
Rg R“
voltage, the 0 O WA wy
as shown here. s,’
1L
kl "\
0 C

This turns the . "R
circuit to be an ' Lo
making output i ki

voltage (hence the
capacitor)

T
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