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Electrical and Magnetic Properties of Materials

Slgal) duunblisally 4L ¢Sl ol gl

> Electrical Properties of Materials 3/goll 4505gSIl jolg5el!
Electrical properties describe how a material responds to an applied electric field. Based on their
ability to conduct electricity, materials are classified into conductors, semiconductors, and
insulators.
el sbygSll o o g3 e 2 e Gaaoll (JLygSIl Jlrol) 8olell dylowinl 348 J) 48056801 (olg3ll pid
Jilgeg cwdoga oluily codloge J) olgall
1. Conductors <o gel!
Definition: Materials that allow the easy flow of electric current due to a high number of free
electrons.
Byl g IV o S 205 o @iyt e gy St S 35045 rosd @1 olgall (o iyl
Characteristics: ya3\Las|
- Low electrical resistivity (p) and high conductivity (c = 1/p)
(0= 1/p).(deglanll (osSxa)ddle ddiogag (p) dunasiio A5l 14S doglie
- Electron movement: Free electrons in the conduction band move easily under an electric field.
QLS Jlonadl 5T o Wggamw Joo gl Blas (§ 8yoll lig ASIYI 2y 1 lig ASIYI ASy>
- Temperature effect: Resistance increases with temperature due to increased electron scattering.
U ASIY Sloslias 83b) G Bylymell Ay $LS)1 ao dagliell 31055 :Bylymedl dmys 156
Examples:
Metals: Copper (Cu), Silver (Ag), Gold (Au), Aluminum (Al)
(A). 59 ¢ (Au)eddl  (Ag)aaall ¢ (Cu)oelnl :5baal
Graphene and Carbon Nanotubes D91 090, bl cndly=edl 5,3 slge
Applications:&\igdai)
- Electrical wiring (copper, aluminum) (el ¢ pulodl) 450,680 Y
- Circuit components 45b ¢Sl 319l @lisSo
- Busbars in power distribution LS J&5 bglas
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2. Semiconductors. <duo gall sl
Definition: Materials with electrical conductivity between conductors and insulators, which can
be controlled by impurities (doping), temperature, or external fields.
5 elppenlarll) Colg2dl I 50 gy (Sl (SKavg cilsalls blogall (5 AloygS drbio g i Slga 1Lt yadl
) 50,5 Y xad! ol (8)lymell dmys
Characteristics: aibasdl|
- Moderate resistivity dawgio doglie
- Band gap: Small (~0.1 to 3 eV), allowing electrons to jump from the valence band to the
conduction band with external energy.
s Juogidl @lai ] $981 Blas oo 3a8JL g ASIW zraw law (cdgd 098] 3 4] 0.17) Spiuo A8l Bgmd -
A5 Bl Laug s
- Doping effect: Can be altered by adding impurities (n-type and p-type doping).
(ol N g5l oo kel i) 315 AL Aubpuo g2l pad Sy (Doping): peadaid! 86 -

- Temperature effect: Conductivity increases with temperature due to increased carrier

generation.
Byol b9 AV s 83b) Gy Bylymell Ay Skl po duduo gl 1335 :Bylyzedl Ay S
Examples:
Silicon OsSukeud! (Si), Germanium pgsleyl (Ge)
Applications:&\édail)

- Electronics: Transistors, diodes, microchips 4a8ul wladlaall el ol el gz Al il AU
- Solar cells: Photovoltaic energy conversion &L ,gS J) 48 gl d8lall g5 1duunaiid! LIS

- Sensors y\aidw 8¢

3. Insulators Jjlg!

Definition: Materials that do not conduct electricity easily due to a large band gap (>3 eV),

preventing electron flow.

(g8 03,780 3<)(mosil e ooladl 858 suoxs) Sl ABUall Bgamd s A g sl eSIl Jiogin ol Y 3lge 1 yadll
ol ASIY (335 i Lo

Characteristics: ja5uasl

- High electrical resistivity dJle 450,48 doglio

- No free electrons in the conduction band Jue gl GUas § 8> g ASI] e Sgis Y
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- Temperature effect: At very high temperatures, some insulators can become conductive
(breakdown effect).
(3UeS 51 8,85) Ao go Jilgall pams gaas U3 di dndiyall Bylall il wis 1Blyodll Ay A5G

Examples:
Ceramics: Alumina (Al20s), Glass ACS T [ERR T W PO
Polymers: Rubber, Teflon Ogladl cblasll :elyed gl
Mica and Quartz ~ 33)1sSJl (Saall 15,31 slge
Applications: <\éudaill

- Electrical insulation in power lines and transformers <Y g=ally ddlall bglas- 3 30,481 5!

- Capacitors and dielectric materials 45 SJl 3lgls laiSell § Al sl gall

- Protective coatings for electronic circuits 49 ASIYN @b oSl dlased djlall lsDUall

» Band Theory and Its Role in Electrical Conductivity
4L Sl koo gil! (§ Wyg09 CBUaMI dyylas 3>
Band Theory explains why materials differ in electrical conductivity by analyzing the
distribution of electrons in a solid. This theory is based on the concept of energy bands, which
determine a material's ability to conduct electricity.
Je dylaidl 04 daiad Baledl (3 OUg ASIYI ajg8 Jakoxd IS (10 ¢sbyaSIl Jiwo g5 (3 3l gadl M orw _wundS Bl dyy1a3
LS Ll J&S e 8olall 8)ud suxs (&lg « (Energy Bands)ddUall Blas pggde

1. Fundamentals of Band Theory — <BUail &,k Oluslud
In isolated atoms, electrons occupy discrete energy levels. However, when atoms combine to
form a solid, these energy levels overlap and form bands:
Obgiue JSI5 dedio 83l ¢poSH Wbl geats bodie o) laiie dBlo Whgiue OUg AP ellind Bayaidl WL 3
Bl & 4Se dBUall
Valence Band: Contains electrons bound to atoms that do not move freely.
Ay o5 Y (@l b dad el lig ASIY e (g (Valence Band): §9801 @Uas
Conduction Band: Contains free electrons that can move and contribute to electrical conduction.
QbyeSl Juo gl § ASlally ol e 8)3al 8yal g ASIYI e (g3 (Conduction Band): Jue gl @las
Band Gap: The energy difference between the valence and conduction bands, which determines

whether electrons can transition to the conduction band.
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oo JBY! adaig 09 ASIY 0813 Lo s (g cdmo gl Blady 3981 3Uas ¢y 43Ul ddLused! (Band Gap): 48Uall 8goed
Jrogill Blas ] §8851 Bl
2. Role of Band Theory in Electrical Conductivity &sbS3l dduogidl § ©BUal &4ka5 593
Based on the band gap, materials are classified as conductors, semiconductors, and insulators:
13lse9 «dloge oleil cMuogo ) algall Casinal (Soy ABllall By e 3Ly
A. Conductors <daogall
Example: Metals like copper and silver.  &aally (uld! Jie Oolaall :Jbe
No significant band gap (or overlapping bands), allowing electrons to move freely.
A gga Jaall 8yl g ASIW zran law o(Blaidl J3-1uis o) Gy A8 §aed g3 Y
When an electric field is applied, electrons in the conduction band move, generating an electric
current.
(BUeS L I a8 lae cJuogill Blas (§ g AP x5 ¢ 3L gS Jloms (3audad e
B. Semiconductors <Muogoll ol
Example: Silicon (Si) and Germanium (Ge) . (Ge) pgwiloyzly (Si)OsSukd! : b
- Small band gap (~0.1to 3 eV).  (cJs5 098] 3 U1 0.17) byue A8l b gxd cllial
At room temperature, some electrons gain enough energy to jump into the conduction band,
allowing conductivity.
2348 S g o Low cduso gl Bl ] JiDU 486 A3lo il ASIYI (s ellial cdd,all 8yl Ay s
Conductivity can be enhanced through doping, by adding impurities such as phosphorus or boron.
1092541 91 )3 gl Jio CSlg 23LoL (Doping) seakil! Goybo e ddkuo il (e (S
C. Insulators J)s2!
Example: Glass, rubber, plastics .l cboladl qzla3)l :Jbe
- Large band gap (>3 eV), preventing electrons from reaching the conduction band.
o5l B J) 5880 cpm gAY hag Lo o5 039,75)] 3<) 88 BBl 5 clliss -
They do not conduct electricity unless subjected to very high voltage, which can cause

breakdown.
DI bl dl 8352 10 aiiye gz die V) syl Juo g oS Y

3. Effect of Temperature on Electrical Conductivity 45U ygS) dduo gl e 8ylymdl domys U
In conductors: As temperature increases, resistance increases due to increased electron scattering.

bl re g AIYI pabial o dagliall 31935 ¢Bylyadl Ay B3b) ie 1Mo gall §



Lec(6)

In semiconductors: As temperature increases, conductivity increases because more electrons
jump to the conduction band.

gl Blas ] 5285 Uy AP ¢pe dzall OY dubimgall 31335 d)lyaell dys B3L) i 1Mo gall bl 3
In insulators: The effect is minimal, except at very high temperatures where electrical

breakdown may occur.

REIVL I RUNESNCYOVER NN [ SIEH FEHESCRE DY P SETIN CUI R PRSI

+ Band Theory explains the differences in electrical conductivity among materials based on
the presence or absence of a band gap. This theory is fundamental in modern electronics,
from conductors used in wiring to semiconductors in computers and smartphones.

ode aali 48U Bgaxd 3929 pie 51 S99 e Flu JLyeSIl Juo gt (§ Slgall M Cw lBlatl] Lylas ripgs o
Gl 3 CMogall olad ] MY § dodsuiuwall cUogall (po «lig ASIY) polas (§ Gwll 1595 &,lall
ASII Caslggllg

» Magnetic Properties of Materials 3/gol deudoliaall (ol gl
Magnetic properties describe how a material responds to an applied magnetic field. Based on
their behavior, materials are classified into ferromagnetic, paramagnetic, and diamagnetic.
dl Slsell ilad gl s 3Ly L amlid) gubliaedl dlrell Bolall Gl £aS ) dupblined) Golssdl psd
drautboliznbidg cdrundolizel)bg cdrundolineg 16
1. Ferromagnetic Materials dcubliogadll 3lgal!
Definition: Materials that exhibit strong magnetization even in the absence of an external
magnetic field.
(@ publiaall Jlradl Ol § 5 L8 Alniia yglad olge syl
Characteristics : ya3basl!
Have permanent magnetic moments due to unpaired electrons.
Az9350)l_ue OUg ASIY G AaS1d duidoliseo g3 lliiad
Magnetic domains (regions of aligned atomic dipoles) form naturally.
S el (§ )l pgiall Calasal Cu> (Magnetic Domains) duaboliae 3ble (e Sy
Exhibit hysteresis, meaning they retain magnetization after the external field is removed.
(@G ool A dns daiielly Jadiond @il (o Los ¢ (Hysteresis)duumb ol 4alsll 8,05 4las
Have high magnetic permeability (respond strongly to external fields).
Ao lidall Y eald 898 oz lghazn low cddle duundolide D3l aiels
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Examples:

Iron (Fe), Nickel (Ni), Cobalt (Co), and their alloys.

gl sl elild! jang ¢ (Co)edbsSIl ¢ (Ni) Sl ¢ (Fe)apasd!

Applications:&\éudail|

Permanent magnets (used in motors, generators, and speakers).

(©lelawdly Sl gally ©Eall (§ pussiall) @l pulblisall geisas
Magnetic storage devices (hard drives).  (&ball 2,391 Jie) (guoliaall oyl 86> .
Transformers and electromagnets. 48U Oluabliaaly @Y gxall

2. Paramagnetic Materials duulolsoelyldl 3lg0l!

Definition: Materials that exhibit weak attraction to an external magnetic field but do not retain

magnetization when the field is removed.

ool Q] das Aniially Jaiions Y S guatbolisiall ool ] s S odonid Slgo scinyaid] -

Characteristics: ya3basd|

Contain unpaired electrons, but magnetic moments do not align strongly.
By Calasal Y dnboliaall pgsall (SJg cdz9d3e a8 U9 S| e Sy -
No natural magnetic domains.
b liieg ndll Slgoll 3 LS Leibliin $blin e S5 Y -
Magnetization is proportional to the applied field and disappears when the field is
removed.
Jlomad) A1) i 4155 (S0 ¢ gabaod) Jomall o Aaiiall Cosslils -

Weak magnetic susceptibility (y > 0) 4909 daod dundolize 41 ellias

Examples:

Aluminum (Al), Titanium (Ti), Platinum (Pt), and Oxygen (O:) in gaseous form.

AW adl> (3 (0,) cnzaSYlg ¢ (PH)enidUl ¢ (Ti)pgudbd! ¢ (Al)pgaedd!

Applications:\aulasd)

Used in MRI machines . (MRI) swuablioll 8506 ygad) 83421 (3 posind
Enhancing magnetic properties of materials in certain applications.

e luall Gligdatl] (3 olgall and dbolizall (@ilasdl s -
Scientific research in magnetism.

Lcarb liaall dlazed] duaal Bl -
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3. Diamagnetic MaterialsduuuboUasbul 5l goll
Definition: Materials that create a weak opposing magnetic field when exposed to an external
magnetic field.
(G (b lite Jloma) Lgayas dis LaSlas luasd Gabolito Ylowa guisd ol go syt
Characteristics: yailasdl|
- No unpaired electrons (all electrons are paired).

(329350 DU ATV apez) dzg30 e WUg A Je i Y -

Induced magnetization is opposite to the applied field.
b liall Jlomall 2o Capnd 305 J) (535 Las ¢(gebaall Jlmol) duSlas dlaiio U3 -

Weak repulsion from magnetic fields.

b liaall Yl o Ciiass 85 -

Magnetic susceptibility (y < 0), meaning they slightly reduce the external field.
() b liaall Jlomadl 86 (0 S il gm0 Los ¢ (X < 0)Aasg Ao Lrboline A6 el
Examples:
Copper (Cu), Gold (Au), Silver (Ag), Water (H20), and Graphite.
cdllly ¢ (Hy0)elell ¢ (Ag)aadl ¢ (Au)eddl ¢ (Cu)oelond
Applications: &\l
- Magnetic levitation (e.g., levitating superconductors).
b lise (B35 S gl 45 o3le (3la3) Juo gl 4851 slgall &8y Jie (Magnetic Levitation) (guablias)l ad))l) -
(Al Guadls 095
- Shielding sensitive instruments from magnetic fields.
b laed) OYlxadl (o dulusdl B3¢V ble> -
- Superconducting materials exhibit perfect diamagnetism (Meissner effect).

(Meissner Effect) siwso 0 46l dloliaobal) 8,85 1ala3 Lo g1l 4850 ) 9ol

» Applications in Electronics and Power Generation
Material science plays a critical role in the development of Wearable Energy Harvesting
(WER) technologies. Advanced materials enable efficient energy conversion from
mechanical, thermal, and biochemical sources, enhancing applications in electronics and

power generation.
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@ dediiall gl @alud Cys ¢ (WER)sMHW Ablall dBlall udgs colids shai (3 Guslud 793 Slgall e canly
Igis Wlig ASIYI § wlindatll G300 Las (diguad! A5LeSIly dylyaly LSl abasll oo BBlall g (ppens
PN

1. Materials for WER in Electronics
L9 ASIW WER (3 dodsiuall Slgall
These materials improve energy harvesting efficiency in wearable and flexible electronic
devices:
& y0dlg 3y ALl 459 ASIYI 83421 (§ dBUall pox BLaS punsxd (3 Slgell 0dd uelud
a) Piezoelectric Materials (Mechanical Energy Harvesting)
8 sl ASxll o Bl 4l 5) dkaio Sl ol gl (1
Materials: Lead zirconate titanate (PZT), Polyvinylidene fluoride (PVDF), Zinc Oxide
(ZnO) nanowires
(ZnO)bisl 4T o o33l 3N ¢ (PVDF)sptlid S5l dgld « (PZT)ooliogll coblass lis 5 ol
Application:
Converts body movements into electricity for smartwatches, fitness trackers, and medical
Sensors.
Agdall el 54219 cdiad) AL A Bygrt (AS I Wilelud) Juiidd 45U yS Bl ] puucrd) a8y Jagos 1 Gandaid)
b) Thermoelectric Materials (Heat-to-Electricity Conversion)
(54 ) Byl Jogx3) AuilygIl gyl gl (0
Materials: Bismuth telluride (Bi:Tes), Lead telluride (PbTe), Flexible polymer
composites
Gyall yad gl LSy ¢ (PbTe)uobe ! L)ghi ¢ (BisTes)gonl dyghd 15190l
Application:
Generates power from body heat for wearable health monitors and IoT sensors.

sVl 5] Bygrly douall ddlye Bgl Juaadd puudl Byl cpo A8Uall ud g5 Bandad]

¢) Triboelectric Materials (Friction-Based Energy Harvesting)
(LEESYI o A8l ud 95) &l g &SEZ>Y1 Slgall (z
Materials: Polydimethylsiloxane (PDMS), Teflon, Nanostructured surfaces
sl adl coglisll « (PDMIS)oluSshes s (J 52 151900
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Application: Powers self-charging electronic textiles and touch-responsive devices.
el Ao il 550735 (yeid) &315 39 ASIY! lomgioll ik £ Gl
d) Photovoltaic Materials (Solar Energy Harvesting)
(sl 23Ul 4 5) 354294501 313l (5
Materials: Perovskite solar cells, Organic photovoltaic (OPV) materials
(OPV)asgan)l 455,650 Slsall ela ] by WIS 22150
Application: Embedded in smart clothing and wearables for continuous power supply.
RSO UZERWSTEPAURRMURIEESPEL PR RSSO IN I VESRRR W]
2. Materials for WER in Power Generation
AUl a9 WER § dodseinll Sgali2.
WER technologies in large-scale power generation rely on innovative materials:
ol i BB Jglo pb g 8,Shue Slge e d8Uall Al gi) WER ol doiad
a) Biodegradable and Bio-compatible Materials
lorshgur 43153allg (5050 Howild AL 1ol
Materials: Silk fibroin, Carbon-based materials (Graphene, Carbon Nanotubes)
(LB 092,50 bl e ly2l) & 93,501 3l gadl €3 900801 5,201 3190l
Application: Implantable medical devices (pacemakers, biosensors) that generate power

from body fluids.

o)) B el (Lgamd] Olyadidinaly Cldl SUps 0dais 55021 Jio) £30 Al dadall 83421 Jpidd : asdaid!

b) Flexible and Stretchable Conductors
Sl Aldlg & pell Mo gall (0
Materials: Silver nanowires, Conductive polymers, Liquid metal alloys (e.g., Galinstan)
Galinstan)Jie (5Ll Oolaedl el cdluo godl Ol padd gl (g3l &saa)l S5l 131 gl
Application: Wearable power banks and flexible batteries for energy storage in military
and outdoor applications.
oyl oy Sawal) Slipdasd] (§ galasins elsyM ALl 83l ging L0 byllay ) : Gandad!
¢) Shape-Memory and Self-Healing Materials
41N 3 SIM g 7 Dal) Aiid 48X 3 gal) (2
Materials: Shape-memory alloys (Nickel-Titanium), Self-healing polymer composites
2o 4513 yad gl LSpe ¢(p gl ) JSa 8,515 Shilws 319l

Application: Enhances the durability of wearable power systems and flexible electronics.
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D padl L9 ATV 613D Alall dBUall delail dilie 325 1 Gandal!

Trends in WER Materials 3lgo § dudiiiual! Ol
Hybrid Materials: Combining piezoelectric, triboelectric, and thermoelectric properties
for higher efficiency.

86101 83L3) AL, gSI1 dylymelly sl eSI1 ASEEoY cdudains oSl olgadl o ol :diuegll Sl gall
Nano-engineered Surfaces: Improving energy conversion efficiency in self-powered
electronics.

Jeradl) &313 OLig ASIYN (3 Bl Jogoed ¢ppawsnd Aol Lg3U1 el
Biocompatible and Sustainable Materials: Developing eco-friendly solutions for

medical implants and smart textiles.

ASU Ol guially dadall oley3l (8 lgolusuiwd dal) ddue Jolo pglal :dalbiuelly Bgam didlgiad! ol gall
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