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Title of the Course: Smart Materials

Category: Professional Elective — 11
Couse Code: 23A036ET
Branch/es: Mechanical Engineering
Year & Semester: Il Year Il Semester
Lecture Hours Tutorial Hours Practice Hours Credits
3 0 0 3

Course Objectives:

1. To understand the fundamental characteristics of different metals and gain insight into smart
materials, including their classification and real-world applications.

2. To acquire knowledge of various types of smart materials, including electro-rheological fluids
and shape memory materials.

3. To explore the processing techniques of smart materials and fluids, with emphasis on synthesis
and fabrication methods such as metallization and UV curing.

4. To develop an understanding of different types of sensors, including advanced carbon nanotube
and polymer-based sensors.

5. To comprehend the principles, types, and applications of actuators used in smart systems,
including electro-thermal actuators.

Course Outcomes:

At the end of the course, the student will be able to

1. Explain and distinguish between traditional engineering materials and smart materials, and
identify appropriate smart materials for various engineering applications.

2. Explain the working principles, properties, and applications of different smart materials and
evaluate their suitability for specific engineering and technological applications.

3. Describe and apply suitable processing and fabrication techniques for different smart materials
in engineering applications.

4. Identify, describe, and equate different sensor technologies and select appropriate sensors for
engineering applications.

5. Demonstrate the working mechanisms of various actuators compare and select suitable
actuation methods for different smart materials for create system applications.

Unit 1 08
Introduction: Characteristics of metals, polymers and ceramics. Introduction to smart materials.
Classification of smart materials, Components of a smart System, Applications of smart material.

Unit 2 08
Smart Materials Piezoelectric materials, Electro strictive Materials, Magnetostrictive materials,
Magnetoelectric materials, Magnetorheological Electrorheological fluids, Shape Memory materials.

Unit 3 08
Processing of Smart Materials Semiconductors and their processing, Metals and metallization
techniques, Ceramics and their processing, Polymers and their synthesis, UV radiation curing of
polymers, fluids.

Unit 4 08
Sensors Introduction, Conductometric sensors, Capacitive sensors, Piezoelectric sensors,
Magnetostrictive sensors, Piezoresistive sensors, Optical sensors, Resonant sensors, semiconductor-




based sensors, Acoustic sensors, polymerize sensors, Carbon nanotube sensors.

Unit 5 08
Actuators Introduction, Electrostatic transducers, Electromagnetic transducers, Electrodynamic
transducers, Piezoelectric transducers, Electro-strictive transducers, Magneto-strictive transducers,
Electro thermal actuators, Comparison of actuation, Applications

Prescribed Textbooks:

1. Smart Material Systems and MEMS: Design and Development Methodologies, V. K. Varadan, K. J.
Vinoy, S. Gopalakrishnan, John Wiley and Sons, England, 2006

2. Smart Structures and Materials, Brain Culshaw, Artech House, London, 1996

3. Smart Materials and Structures, Mukesh V. Gandhi, Brian S. Thompson, , Springer, May- 1992.

Reference Books:

1. Smart Structures: Analysis and Design, A. V. Srinivasan, Cambridge University Press, Cambridge,
New York, 2001.

2. Smart Structures, P. Gauenzi, Wiley, 2009.

3. Piezoelectric Sensorics: Force, Strain, Pressure, Acceleration and Acoustic Emission Sensors,
Materials and Amplifiers, G. Gautschi, Springer, Berlin, New York, 2002

4. Analysis and Performance of Fiber Composites, B. D. Agarwal and L. J. Broutman, John Wiley &
Sons

5. Engineering aspects of Shape memory Alloys, T. W. Duerig, K. N. Melton, D. Stockel,C.

Online Learning Resources:

e https://nptel.ac.in/courses/112104173/

e www.iop.org/El/article/0964-1726/5/3/002/sm6301.ps.gz
https://nptel.ac.in/courses/112104173/
https://nptel.ac.in/courses/112104251/

CO-PO Mapping:

ool & gg 5E |2 |2, g g %w £
Outcomes éé é %g §§%E§L % %é g.g ¥ é; é %% % 2 | D
£ |87 EgsS|F |&7 2 |S |g |5
23A036ET.1 3 2 2 - - 1 - - - - - 2 2 2
23A036ET.2 3 3 2 2 - - - - - - - 2 2 3
23A036ET.3 3 2 3 2 2 - - - - - - 2 3 3
23A036ET .4 3 2 2 2 3 - - - - - - 2 2 2
23A036ET.5 3 2 3 2 2 - - - - - - 2 2 3



https://nptel.ac.in/courses/112104173/
http://www.iop.org/EJ/article/0964-1726/5/3/002/sm6301.ps.gz
https://nptel.ac.in/courses/112104173/
https://nptel.ac.in/courses/112104251/

e —r———— L3 T C-—0

" slimuli—RespomSe Behaviouy’ In Sharvt mmaterialy

LA PGl —YesPsnte Behavisny meert —tre =4 t‘t"a & =
Marerial *6 Senge Thaage e kg E&\VIYDHMQ_D%—CSGMU\W_&)

—ra YegSosna “e T N Sy eadickalhle sSma WVLe A \:\\,\_U

T apadk C B mOWs) —> fnaderiad Yesdcts — out _Q're_gQ\.h&e_)

Gakhok 1< TRone\WS 2

A S AraoIwstS ﬂ"‘\o < Xrermed Thense Suok =

e T S pe¥a=ture

« Cxrvell oy Svslin

e Clectyie Hea

. Mﬂ-‘hﬁ—-«o_btr_ Heaa '
- L‘\%\-\-\*

Cx—lapl cal ecVironnent

e O \St U\ v

vakhat g e Re gearie 1

T he conatexi ol rwa—a vesgeon = by Crenajng -
* Shap=

* S\2e

« StaEfregs

T Ca\0Yy

*Electrical yeiSremnce

- Vi SCn&ik—t:

ax QJ'\:) Chermical ox P\naj*\ Call P>s Py Heyg,




E\,Lc_)o-@le_s =& < ‘r:: MmO Re Ses» LIve SrmekeXiad(

I* Shaee rereery S\tey g C stn)
¢ SHtiMm vl TEnpeYatuoNe p
s e sgQon e
s é:e_‘z_e.'@e.ch‘c_ AoAex \=
e T OlolNT e dh anl Call Sf“?-c'_g‘;
« ResgenSe : Genexsh=eg =tect e volvt=aQ.
3 Eleckyo=aciive PS'Hm™mens
e Sk Al v Bleceve HReia
* Relpangea: Chaney Shepe
Q. Maame o koo lsgicel —o\Qy
e SEOLOST Mc:_%-ne_)q‘\c_ fier=
« Re cPoni: Qramnge ViSCo S8 Y
S- TheY™raCT hvafrmc TMmare riold g
« SOl Teesceg e x QroV

-

Reg P orse. Q*\“ﬂ"\%ﬂ__ N\ ¥

WO A G v deant e Creaa@sie E-_na‘f.-\q._u Mg Vi)

e Se vy s Sed adxaRory
- Pul=a Ve S wuCoare .y
e View s han Cantyo) SjS*“-'m

¢ Sexft resting ~arexianl

* AN O PP =N L=NSaN nchfnc*_qb: '=—pq:>\'§ c:qﬁ-{c,\-:f

Qerovns 4o FiSin=SC thapc wren Neaieq

S S




Po\\;\NM-S

Po\ \QNEYS Oore lem

%-—C)(\Q:ﬂ'\ Q‘«(‘SM'KC__ ~oal\e ule g Covamey
b'\:} Caveatant bonsling.

O e Yilag

1. Low D&x\g;\—b—-— ,‘.I%“n—\— et raverial g

2 Lewvs Stven Qth — NS Soidcsnml\e for besny, Losay

2. po % e stmear Cam=iO C""’\"‘“\—:)" Seooar hear At \Dhavg

e qux E\leCvicaol TN CH\:‘\\-E —_ USQJ;L =t VRSN Sy

S Lowt e H—%"\% pﬁ-‘\n—-'r —_ Sb‘@'\-e_n =N m«mekexc:.)ce__*-'e—ﬁ"t@k

oSV YE

é- c,‘gbbd Caysxogian Qe_g'\ e nCe — D Ymutr Yoyt C-E‘_G—_&'\kb

T G2 e Xible =na Elashhe — C = Dnt::\&ﬂsva \Svq e

dg-&: ¥ o RN -

Etomples:

.« =\ Qe_—k-’\-\ dke.m e (P=)

c PV
e N VY o
s Ruowlbsex

- Tl s

.ﬁ-qpp\i C oXxen

- pc,c_,\-f..c_%: ~9 AR x = g

e Plas e Py

+r Ble v iCall hSelaxion

c Pedsical Sdevicey




M etall

e actex S ax

v G ond el\ecx¥ Call Ceaes A SN *-3

9. oea revm al S =D C.»lsvl\-\:'

S Bigh Sovesn s

W Ovar\e ( con e dxr=tanwints weivey )

O saaneshsie (Ssn == beorrexea e Sheak)
Ge Shimy Csskress SecEacs)

o). \—\-‘1%\“ d»%?\‘ﬁ:’

£ Genexallg FRR meing oSt

f—k E T yoniCal B hariovy

o "r‘c;qa\-\ e St rvans

- uhc;_g_ﬁc%a P\a__jﬁc_ dc-_i-cﬂ‘fme..ki.mﬁ e faxe ﬁrn_c‘_w'r(__

Exoa-pless

2 Skeel ,ﬁ\um“n\um , So@Pex |, TN —itene T

~ 0 =S o T,

L] ““\ﬂ_ u\‘l‘\a_ C.ht‘r— ?Cﬁhw
° %-\-—ow«bi@\\t_ PM\_S
v Chrwuo Chruw ey

e B\ CXNYIC ol walreg

Definatican o meisisg

Mt ] =rc=_ et Sk S U Ry ,__\3 e A\ L;\‘h:;ﬁ.,;“a e

C:,_Y\asl;cl.\'\ne_ [ofom sl T




CeNasnices

ex - A b
C SN CSS O xe \V"\QY%QJ:‘\;C_ , MO —rre t==Alc gat=1nth SV

wait TN LOonic o CoNasAR ot bar\dzi“«\a .

Clhaoaxacorex '\S,-H.'c‘_._w, '

a- \—\—-‘t%\-\ Carrm PX< NI e S‘.*vrre_ﬁe;\-\

.3_:»: =« e NSAAYe — R e i Swo .,.;,.x%\b Las ey PSSO
::-LQ_GB“'N‘: oxtan '

G VETY ‘r\'\ﬁ% ME\-&—?h%'-‘;Q;m.g

o PesY Fl=CriCa Srnalo erivivg Cres i g

Y Eyce\\ % Luesx I N e

[ é___‘chq:_-.c!h T C ol TN =N CayYr= Siavry e L\ S ~Ce

R as—piNel

e Alerelna (At O3

« S\\lcan Cexp i=e 8ic)

&S\ S S

- C 2 e oA

- Pexcellex

APpuRcatons

" C:_c_ﬁ't_“ﬁ"\%_\_h“\—s
- P-e.(:rc.—.,_.c:_\—orn 9:\“"“?
s BlecrwiCcal insu\Q ey

E_-—T\a'a\—n.(:, C—”“""‘F’““aﬁw—:




Whoatr @ve CTroarr mateiall

—

De SinaXion

S e et s\ o \S =~ m_{—e__r'\m_\ﬁ Aok Con S&nfe

C}“@ﬁ%d tn Frelir 20 Gyt C_g,&-—;r\hqﬁ) A YR e dNS

eg-fcmc:x{cﬁca\\\:) E‘r-\:_zp DT e o\ o~y Chﬁ{*’h\\q% S na

=D

S oreon T mareriani Sxe ek TEs K= Y _Ce e Yo

e siex =S 'Q."{—t‘l\—\“\'{_ Svaw =4 &—?-m?e_xﬂk'uve. , Sty=_sC ,e\ec—
AN\ Aeia |, e gnenc e, Wght, S Pyt b\:'é.
C}\M%\ﬁ% el pyoeex ey .-5‘\-\(—-&_ Sy=ee |, _(','H@GYNQ_SJ
Y, @A CxeVCal] e o S N\es<? A N

Clecaifcaeian =< SN * ma&—a_.{\cl\&

t- P{GLZQ Sl\e Cx¥ic mMmaxesiaill

5. EleCiya STYiaRve S N

2. R egnte S ERNVE mEkRxial)

. ma—g-)h-e_—ﬁ-n e e vic. Mmadesd st

S e Snererhes SRS mekosisig (e oA g
G- Elecxvyoxreo \ag sl mStevw iy Gv) Faeiag
- S\@?L e e ey M\qas

ST Chx=sant @ onorewial(

<. E=le Caxvoaoxive nmmakxeaisa

o - Sev& keanuin %m%yi g

([t At =P Ve CarnfPolivre mmarxe el

12 St Saevew Sxuvan N .

R ——




| -

} Cq.‘) Prc:_:_n elecrric ~maresxyal(

—_—

’ S S ha sl L RUR mMme ChacCal Skves sy
i e e

|

|

oo pensSes G 2neYsve S\ CxriC Sheige_

._%Wb Caryext e Chaal call ane_va\s s e ere ot vt

e_xxexﬁn ——a ViCe VexSa.

Ex=replest RDo=x*= , P27

SO\ Ction Se ~Cavg | ACtuShaxs, O RS (el Sevicegl
#—-—"'—'_'__- ——

»

() E\e e Y\ CRve arevex ol

SHrmoWws. Blecr<\< Hea

e A ot ek Ste faxtmor o,

Qeggbhrm‘.
- —T".—-«-.-_'_'D c:_}rﬂ::ur\Q\Se_ Sra pe Lsren ledyvic Veltage eV

e =\ -
P\;QQHQH-_ P‘ce:C‘_i O ACrO akovs ) NAC emc;t.'n—-\m?m

—

=k2_:~r"\ o= 8.

SHN\Q\\JS " A c:_%\--.-e_k—\c_‘_ "(“‘ A"

Q_E,S?hrge_; C:r-\%ae— i \%%*J\" Sv “"A'I‘“"""“-—T"S\\h.h.

—3 wAen a.mncarerﬂc‘_ Rerlad @ D llest e rnraseri=\{
e Qo =\s =% Cranmtrae CxS .

ErarmpleS. Texf=rax-o

S oo\ caxon . eraxoakorYl Wibratian, CRaieral

L‘=‘L) o O e e Cl\e Cx~ric MYy ey
EI_ = =S

SEAMDLONSY e gnetic e

e cesn el

(s Ce clecrric PR\SA2 Now




|—>’Th‘\£ N k= c =\ { Sksouag Cﬁ‘-:b?\'\ﬁ% e rine o r\-\q._a\me_-

.Hc_ ey =h EA-C—.'_C\—%\c:_ P\—'m?e‘__r‘\"’\%,

POV CaBsnlt Qe ngavs v S ol cewg a0y ey <

(e) masrererreosaienh Lids Cme)

S oo ss nﬁa—g"ﬂ@_ﬁ =) -~ e

gesgsrie: Cyr=age= e \:'{&Clu)&‘\\-\ﬁ

S EVA o ergeX Fxamr Loosit o Seofi—Ssis Shsx=

Qe yrae x 'maﬁe_)ﬁ'\g e .

eV catian. e d ale Tev eS¢ , CUnt e <Usa.pewg .

) Blecers Y‘t‘w-&ﬁkhg\ car oy CE)

tnolas Y, e Cxxh = 'C'?@-J\d,

Qe spenis! e RS \/'\Sc_c::s;l\—b

\fe,.\t:c_;\—b TACNKe=Sge .l OIVv= =\ vl G‘E-\ch (SN Q_PQ\S

FePev auliner, mlaPiive Shsealfinn’ Syovenee

SHM\D\QE.‘- F_‘—E__W\PEJ\(QMY.:_

2e Sp=vte Cecaverx sV Qin ar Shaec
— e e oY rraxtan. .

Pl amm@i= NS ey C ol =Sy .
|

O PPN Qo Atcad Ot 2
N y S=raceace Tamo—

Pe=c=c .




Cc:mPhﬁar\-\—S oo Smoaxt S;t]g!—e.rn

A St X Snsm T8 2N \'\"‘_‘e.%m“\'e—si ?2_{4“(.:\., ‘ot Oy

SenNse , OvSCa-S5 Secide Sna o Ca %"_Q“"‘%c_cb\ls‘ﬁ

‘

Ye Sosrle ) 'E'_x\\f‘\ TN et Q\\M%e_,g

4. Sen~Ssr (( T O S\ence )

+ Detechs Phygcsil Shenges Aee Ammpex shiwe
ercsace , Sxvrsin U Sre Visx SNen, erc '
s Cantvvexit Praticead ayRentity s ehe O Qe
S“-_-.t%w-\ax‘
E*m@\%l
cpPlearRcxria Sfnlev CS'*"""E‘—S-T-—% V“\*‘“—ae_)
f T rmaeaCoofl\e C“‘*—“‘PQ‘ Q—\“TL—% W\‘&-—mgg__)

e A=y e=in Jonqe C Svyryain— vefil ‘rance Q\%%&)

2. TyreanSlncey

« CmaVearits ane. £ e eaﬁianqca.:) s A S TR .

s ServmeElorel SeclS anrnd YyorSashace v Sve L= N
N Q_.&

=00\

s '\/\\C'.'_‘Jrl:b(b\'\tbme_ Cg-r.au e — F__?-‘..\e_c:,\-'\—’\ (=i O gtcahq_k)

2. S omat. Cansl Bantagy QN A

° AN\Q\\\@:e—S A e g::cax-\mg‘
s Fildex e melSe

e Caomr~\Ne Y k< S S8 g;?hn\ I d_;a‘\\_‘cs)\ S;:a @k

— teepPEriont becaoose Yo Cernmae 3 .
‘.&M 8 e le Q“:r

L€ =S o~ r\\'\_gb,




rl

G Cavryrrellex / PeeCesSS oy

e € Sy & X e S.\\:)S\-i*r\.
c Re Cewes p‘—aCeS'Se,ci Stav\‘_\\.

Chmpm..—_ et e Fex ente \yalae

e Maneces Ao iSNang Q_;t;;_l\\a P“"%‘Y%Lcﬁ el
Ey oo el

. AR COxes T Ke\\eXx

. NN CT s \‘ac"-bc:e_,SS e~

P-x—c:,ci\rczav ey \._csinc_ C-Lh'?“*\\\@_}r\ Q':‘\-Q_)

< A~ Cj_mcs«\-&ﬂ( Cc;t-.a-—t——(:kb"r' LAR crme_\Y)

?rcc::!usa cec rmeThrantCal fraivme ~T SY P“Q--S\ asd.
Chrean Qe

e N shacxk e CaN SIJPe= e S MeCOrhsal ca
S O A -

E a<cepres

R S BV R Y ‘33

e ©ren s ela Cievic e-ckiaakar

o \e cownmic Nmahay

e PR =S OYCT S Sssh—peaaae
= N

CTe =A< c:u-\-@ﬂ‘v—h\nm—-@_&:_ dw CTun "\"'U‘Q\\Q_r
SN il =y = < ey Qs =i .Q"—Q’::.i\'ﬂ—b

- Towym S o S\sfed loea P st»am

= P aex Sy

® m\s\d.e__‘: uax%ts.\_ta Seosc S CarmtNnT ) \VRx ow <A
o s akSe

T an be betrtex o evterrn TOWex Cavveo




chﬁ&—agg& € Trmaxt AR rial g

I ce i Aexsakion Saesiol vy

e aci af baftr Sent ars =k AC x<y ke .

- Pe v = € ne=d Cov Canras\S e TUreaTcax Sulven,

E"* EE N e e pt =T e e Oy ﬁ*w\m_s _

P -@'-':-._g-k— e g?br\gg_

8. thawx F‘)-("Q.C-Enf:e-\""\ =r~

- Pm(g-..{"\.:.\j?_. — C c wyx = Canem Tt )

- Respira auqtc:_\r_m e escde ol SErre ovas .

e e Ance o2 — s\ \-h-be-l%,"‘\’\‘ ‘-‘-‘C‘ Q:j _c\r-Q_rhS_

—7 T Qu\(-&rc:ﬁ-l._— T oSivoe SO RCe. oo o & Ty,

— Carnyewxxt e rex %3 d;“;'—c""b e e @n TS Q-AE_C&-—?«:‘_Q_\\

‘SBSM'

S BP-C clucedh ML N Qe

-7 e vse=x n«-u“\ba FM\-i

-—> Le S 3 tose Sue = eSS

Q" e % R \:\’\':) D~ m’\-ﬁm:\_ﬂhﬁ

—y Aot =r C}_}c""\c.‘_‘_ci\:l AL JOAN AT S ~Nvem NS anea Q"““S
2|

) T OFs v g :\\_7_[ ey PeXYfercrQrca e Sm&*‘b

- V& GO OIS\l S

e ——

d—e\-\gk =~ ;n.' ¥ !Vi\.}\*i N R ""\G Q

C S Clag 7T =<Cro t:)"ihn)




L Mt S ong Q‘G S N N oAl

X H.“—Q-S“ CaoS ¥

—) EAPerntwe Moo e ckuving PrecsSs
) A vonced askxexiand ke SMA cca PV SV Cocly

9. Linmlbead FoavYc= ackQuk

2, - Chmpke__bﬂ ;mhm\ Q\Q.S\"Q—N\

- fearive =cdAv=nSed SAXCOsnIQ Cte&“‘\"‘*c;\\«a_xs

- S Cxease s st\——uﬁ S a~apv Yy

L Fr—*-—r\--\@ e s IV Ye ce st A2y \’\3
: — e 5

- ?M%TMWQE W_Q:S V-:..arb \p“\\r\\ -\—c_m()mww“

-_> S/ e (j"e"c;e:;-:_‘v \"{Qtd CA.LQ{DQJ‘\‘A. . ki ﬂa\b (=N o '\-—%m@_
= ea=—Sex \Q\ QQHQQ,E;

% : - g2 i
- Re =it e 40 R TRE T o TEsleEe T

A_@?\,‘ Ca Xk~ asm ot Crrax— rhcak—o:ﬁm:\}

|« eve vy SPoca &= ha?mlﬁs
9. Els el car S PONTSEIng
2 e etics

- Delecce apPolcs Qan

_ &~ Q-f\e,c;w'\cs .




—

LN T—11

—_—_—

Smo-—'\"'t‘ MotexiaolsS

D P{Cmaﬁﬂc‘t_‘r;c caake T o\ S

i Pyiod C.Ipte_

%e_n exate on Q_‘Qe_(_‘_k“r\(: C}\a«%-e_. V- S s leChkra +HoO

F?C.‘:-QE‘JLQ (_‘_{—v‘\c_ oaxeriall ore a Cle-ss a-c C')nca_l-tzr\'q\_g ek

me.:‘_cr_kcf\'“nc:_a-l— St vyess aond C-"h"‘\\fe-lrgdt) Uhde—"ba e

ha'f"\\
Sl eadintey Wi SemSUng SOy QSN an

The e Ove A 0 —Q:naw*c—n\ P\e_za::.e_&e_cjr—v\e_ MQM\““\J
- —

1 Divec Pi== a0 lecxic el Cecx
« Mo O CxyvesSt Clecxvical C‘_%cm\—se_ ;
. W3S @ek AN Seng s Al Sae~xgy Yaxveg ey
QA CawexX s (:)te_‘;.mQJ\@_CA-%\c_ < (Feon
c ER\eCryilcak Liera —> e aciCol defov QXS

e U ges N ccruakavy SDea YV OaNRen Seace g

't ) —_—— - -_ ﬁ' # altea 3&
I @ r/';-;E CM@‘-"\' 2
| | Vo\r-ose
TS (& otpot)

S =
\\‘.____|’)

Ei_,__

Strecs Cavvest )’
‘RS: C.bh\f&ﬂ'_ie.. Crle2 seleCknc
elfecieo

Qa.!L A= fwxraskhan Bhe mn e ‘a}ec,k—v\c_-@e_e 8 =0\~

e . T kg ceNexsiple f@leatryamechaciCal behansdd o




&
( Correression)

iria

(N1 St“fc_sg-

6 S Cavy @ @xjam

™ - )

Nc\-\a\__g P‘(\‘r\ o\=-2

— varen = reChan cal -Qo-r-:-.-_ CC»mp'rc..Ssmn /+'Cn2~°r) el

e @li=s

e i d_g__&"\’m-_-—l—
—2 Thre irntex nal LY:‘Q—QL ST YysCruve D

Pl Pt o i

- L '\-‘ U
= o StHve a.a rnegsShVs Shravqe Sha-f

4 =—ra L Csreasked Sy =l e Chxxc ﬁ;“za\e_ O s = )
- rtemc<e f e\ e cx i voltaege (g ?‘hmm - S &

-+ AT A\ oAt

Ceo ey P‘\‘e_:!,a&ke.c-k’\r‘kc‘_. enake X\ §

Qg_)-..‘('\-—l Cg‘;ul_')-._ﬂg-{-c:.btg_’ Wte d A QIS Y Y
o -~
s Se.ngzh‘w;‘;-b Cat A=y

DS e

Lea & I v i e sz_‘r) =

& v iy <2ke_ @ﬂl—:\_‘\ 033 — C ey < Teaa L e Oy i

[ RVl

poiy i pldang Flouwvide (EYNDT) CReriete SOo\Ymw @ie—

[iz C oy a axe~c Uy

=K+ ve SPav-s o
e 1S Sen 3\\:—‘\u‘\\b

< el SN sP S cemant

v



ElectsoStrickive HHatexiadg

T Eleck Yo SkriCrive moatexials Y e e mSteiall —Xroa—
Ly raAe x 33 e b dLC\OWm::__:\':\bh C g—\-—\—-czc\ﬂ ) u-:\r\%

CLie Chwmer Ao =n @cckvic RKera.

S On\ e - ng—;;_:: Sle oxric, O=tenals , et~y £ el oo, aco-

et W =\ A2 CxTric oSmiRxicag , k=ur o e & Caca—

W sﬁaﬁt-ﬁ‘gcp.ﬂ-\— c::h‘:j T Seorkaiy Cevaaiog ara sy
mer(g .

L\.ﬁ \e= 3

L et

LT ORG
QQ G

'\\) Z > A
oY e
LSS e pibre
fexivre S‘:’Dacej
Se=cet
Ele Cxyo Si~ctHherm g QU SIkx=SC fle xrreTReShSn\ c ¢

Couwp\i S Orevrs m=rman in L © 4 e (Ao c2aA Chweoln
erecvic Gera |, vegevdlass ofre Gand dive arlen

2
ShHaiv X Es

DAY I Y\ Ny e

Kagen Tl O ors to sua @32 Cxwia Resd e ch{\.;w>

C'J-\cvrca.a:; lovwg C= Eevare |, -lr-r\l-_—re_lab %%b\")ﬁ, \

At e Clae o < Cell o Yeg‘u\Hh'S <y E'—W-P“f\f:ﬁr\




LS DIiMmens tase el %w%& & o o }Ruc )\ adl Wwne, e ‘\“'p\\)e:-

N o QoovEa =)\e Odc QA

7 e e A ~Fex ance Bl G‘—kC-lC-*—‘(c:S.‘R“r\ Q.*'{U*;—-Q-r"\':&.
il a Ty %——Q"Q._\"\ﬁ-ks. "f Thakx e Qs deegw «—
<hHe Q@ﬁh-\—é_muu_s QQ\M‘waﬁ- e Lok o
SpentanenON e=VER\aakRen “NmESNS o ie xR -
SErVviCx e mokesci Ul SUSESYy LitHe ef ne hySiRxegy,

e N O \r\'(%\ﬁez{ ('?Y:Mant:_t-e.&

AN o =S e

——)\.&:«rb o Ceanlli Hue =S~9 QQcUvra -
I Vexy lawy Weyorecegns and Choanse
el Cspeel by T evexs high PryoCisy=.
Y rmasve pyeCile Awan st €S o e @ OeN S

e ldtage =na il O sxSan.

1< cdnon =3

- VMD Law temp St=loitiiyy.
— TThec A& v\ cal S apgautSmnc= YS gyl =S
hi3\~ s pie>e e Crwic P R A

- Tanpsssple CSE'-»c\arcn-e- e oSkive ST Siw
ﬁEQ\: c=tSon

i) @@HC::J— Q&K%\nmu-\r Aerniice y

=) pvecig'e EaieTiny, Sytem y

2) e anshon Canvvsd SsvRan




Mﬂ.aﬁm St rvacplive Osrec\alg

"?Hﬂg;C,o.L powen ot Mo gMnetl ovsed peaPle Q'@enrlb
C oVt D vy Q_s.’ = Chtr=ng-< Lovyee Cvace e e g

e ottty Shoes = Swaoavqd s warthhouk— Yo e\l
L A

—  Te 8y 2 Toocrel Qoule YWakea Thoa fexvvrsrnasrirc
- A= 3.\._‘_\ i e o of\Tcak e

o L— e c::u.-%‘t\-a\:'{sfv'\ .

OSNCSVZSVS

D
H

* g = o d.ﬂ =
- Hc-'_ca-r\m S o (e) ™ mereaal < =N

m‘\c:sx‘c:.h'uﬂ =~ yeariemtarlavy O ens c:a_ib()\?e_si. f‘V‘ﬂ.SY\thL
hcrd -

etic
3 Xl a Qn_'r::),s\—-::)\ s fexvara sn e v orexial S

trhR ety P = Caoevesdsa Shste. | e @ GCdecs
o & e e ts Yl C Rarm =i o2l Soave OV SNCea |
3 = S Ot e rvess TWOA— Nhhe VIR gy o .

O o eNe 8 Fo¥ Coarmmih O Soxu vyakra e
S o At STHe=iw C_C’?m)- .




e ————— ——————eee e e

fere Mmagarye fhnchve X g\ @AY

. Magmetsirvic-| Guxie |
M bere el :._@
Aon CPP“'“J < e Clﬂ—) .
e 3 * &3z
i ' o = I NN §
o <o .' 2 s
Pesm=A\o :j 2 R .
Db-@lc.,__ ' &6 &2k |
T etrFe =632 T3

O\’\H')? T o

(i 4
D |L LtAL /

| 1

d, H

.\ (: b L« o

%

K > .

{+

o \f‘\\‘:"‘(j E@‘Ftci-; =2 = a3 — At |
E e [T E RN ,5-_: S{_—-»rm_;“ 'e,._ mq.ghn_ﬁgm;ls?\m_w

L — pex e oA N p —dg —PE R NEex DYy CTans ot

A PO C =X 0N

T Soawrm = %S'H.m Coq}u:\_)
2 - pasiYion (enlex

D S CA O/




(J() Hamvhm\achc_a&. ‘C‘\u‘u‘ii

3 S S e o Stsca
g~ ng“m%%\ﬁg Cal st d _HQ

W hen SOeeCted o = e g o= Gei

ola v O,

%Tcgﬁb TS ea-g By Ty e fPren’T \f“&@&‘\*\:) ,-—Ha o

oSN e:.-r-‘—-"\:bg-cb"‘t:-f\g a wvileels (Ko ot

. C‘aﬂ("(ic—* at)

N 3-'.\‘)-\:_ r)c:u\rHCJ@i\’

]
; Ly "l_ ,L ‘k
"O.‘ ‘ l: ‘ % :
> 40 " as
3 P . H e .,
o L] 4

-? Mﬁ—%r\m xreola %\Cﬂ.&. —ﬁq;d \th—_ﬂ o vy TmeRic 'FTC.‘_LQL \S.Qeci\:‘

E'E’CHQ L\Qﬂh\ﬁ3‘\ ¢ "&\: \-.dj

Slecrrohes lesicat (ER) ANV e SoreeYT £ P em Ry
‘e ‘H%S‘?Hmﬂ F\rq;m = RHauuis YO o gel "-&—t\cﬂ\ Sa\i=s
N AW\ Cecavial) ugren an Vlechkic Crena (S agf\t=a |

NenNecliang ncones QH—\j hem AL ey
= c YRt e Q’\P\S\-\WQ_@&G— S r=aging | Fronn S

dlaye\d o=  Sesd—So\l= Opnden =n e_.ke_cks-o\q‘&“%

= e Aea fevces STuseerien o= RSieq ) TS Sroln-
L e CevoCruoive & S =, = R —a Lo e e
Vela steess Ty) Lersw wnltea Ser—ay  Sol\lay =ra

Stoenve Rah S RS st ginshee PN,

=




Mc.ﬂne_kbf“e—p\gﬁ; cd Wi Elcarvorsissnices —huiyy

Mo gne xa < hea\s sicer

E-K;crmvku\ S g lCe

Ay () Aot fora
\ Chf\"(""ra\\\!\s' L A e (el E‘-Ee_c;!c—?;c_
e\ e ?\‘;‘C:.__\.;_

3. O=vwcley
Osead

ey wve e r ek

CAiven) pPerviiSaes

o ehe Ol Cnae rra g
rexSc FMHClL;;)

Nl

e

SN\ (¢ prleevel | Liieon)

TAAgihaxhn gy Y

e Navkaeae
D PR o L

——

S ———

Levd Vs ltege( 1220w

o Wel b= se (N =Sxw)

§- € ;....Tc‘rcar-\\-—

FRS A C b Y omg

Loswus CSalNoyvyeat

L

T~ T O e
Lsw
G Vierd Han =
Sk—e=§x
' eyl B Suikalde £ov Liswe
i SR S G\l \e
=P r\j VE*Q_V:) Ln deaas.

S Sens {\—:\\;\:3

lLegl SecsivmuiYyy

STengithve 4= AnaNAYTS

< A~

R eex-

Ll v

- M(‘)\\Cﬂ’:\'h
. o2

gh—c:;c %brh;:»am‘s ,

qum g V‘\\bi‘@k—;\f\
Car e\ .

CAOX ey | DAY
Pre ciian SAea Sy,




S .
Shrosgl SAEMOY 1 SWEYSL Rrnd)

Qg}qq@c N Ere v cx-k\smz]; C.S'Viﬁ') o e T ‘::L\\t:bg S R
N S Yginay
A ange s Shape Fremn ixry Shopce A rew Shepe saa
~
whi\e \-\zca)r!\ﬁ% ,Cﬁt}\:\ﬂj Mo\l TEXOYTn s W OIS i neX Shepe,
D EHE wat Aiean o teExivRa Tt 192 v Covwa @Eaclngun,
-Pdt:wa-
— “ThavTee -*rﬂi;e.; o S MM H oo Czq"t-‘-q,,.\ﬂj OSE S\
« Cuozn AA
e i AA R
sty Cewen) .
T flogvore 1§ CarnrrerChal. Oyl (e -9 NIEVANoL -
CwoL— Naoyal sradAiae S e LV sy ko vy |, WS A)

’

. BYe. N e FfFear e ~natexial =low “-";33 e AR SN

— ] —

-

R SRR y,

s Toga W L“;F'C__CL\—: s g TP U e\ i M"\% TR CENRL e

A TPy o r2 e o= \N\an ‘e OVvje o=
S Sk g, ORGSR

M e choring Snae

-3 SralPe rEocDr m\gb o= Ol LAY e Cogrimy

s irmem Vo Tawnne AN e rZien Y Qr TV"\:::;{*,C:Q—]’““ relny,
Y poriies o e e v = MRAlOR A, Dy S Sy we
A rmaeAl ™Y E VN o e

—) o ‘\_"‘\3&‘.5'* P i“hn_tn \ﬁﬁ--\-— Yo ywves T A s"“h'&n""" oA

=k Sar.Se Mu‘r\*_\*a S =ane O s ~vre
\_,-&\'-\("-':_. )

The— Ve




/

ﬁus—f—-e.a W S v

iy
9
Q

I qusk-eni\e]
' +

ﬁ e_=_44h3
L mg\‘hﬁ G) @
Y Winne= ) efova
M arttng, Moy teng!
)

X
L4

oyt L

Cye cHon o “

PO AV &




