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Customized Designs in RF & MW
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3) Education: Portable Smart 
STEM Solutions, Training 
Materials, Policy Frameworks

4) Flexible & Printed Sensors

Innovative 
Systems & 
Solutions 

Laboratories

MicroNano
Lab

Bio-Imaging 
& 

Bio-Sensing

AI 
&

Computation

Smart Energy 
& 

Photovoltaics

Environment
& 

Sustainability

Additive 
Manufacturing 

&
STEM 

Education

Biomedical 
Circuit 

& Systems



Fabless Ecosystem: Capabilities to Outsourcing
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Teaching & Training Plan
(Lectures & Lab Sessions)

Optics & It’s Impact



Te
am

 
Lectures

Dr. Muhammad  Qasim Mehmood
Chairperson Electrical Engineering Dept.  & Director 

of Micronano Lab,
Information Technology of the Punjab, Pakistan

Flat optics: Enabling Novel Science & 
Applications

Dr. Muhammad  Zubair
Associate Professor,

Information Technology of the Punjab, Pakistan

Computational EM & Photonics: 
Conventional solvers to fractional

Formulations

Dr. Waqas Sultani
Associate Professor,

Information Technology of the Punjab, 
Pakistan

AI-Driven Biomedical imaging for
Smart Diagnostics
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Laboratory Sessions on Modelling & Design 

• Essentials of 
system level 
packaging for 
optical devices

CAD

• Open-source Ray 
Tracing 
Optimization for 
Conventional 
Optics

Ray tracing 
(Part-I)

• Open-source Ray 
Tracing 
Optimization for 
Meta-Optics

EM Solvers

• Design & 
Optimization of 
Meta-Optical 
Devices Through 
Computational 
Solvers

Ray tracing 
(Part-I)

• Design & 
Optimization of 
Meta-Optical 
Devices Through 
AI

Meta-
Mogus

• Artificial 
Intelligence For 
Disease Diagnosis

Biomedical 
Imaging
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Optics & It’s Impact



Optics & it’s Market Impact
Intro

ducti
on

Ø Optics: is the branch of physics that studies light and its behaviors.
Ø Optics Markets: There are many applications of optical systems integrated within different fields of study

such as medical, materials & manufacturing, and communications applications.
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such as medical, materials & manufacturing, and communications applications.

Optics & it’s Market Impact
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Career Potential in Optics

“OPTICS IS AN AMAZING FIELD TO BE INVOLVED IN.”
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Career Potential in Optics

“OPTICS HAS A GREAT FUTURE. 
MAKE SURE YOU DON’T SHY AWAY FROM ASKING THINGS YOU DON’T KNOW.”
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EM Wave & It’s Solution

Optics & It’s Impact



Optical Constants of Materials
Intro
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Refractive Index (Optical Constants: 𝒏 &, 𝒌) of Materials:

Ø Refractive index is a complex number

𝒩! = 𝑛 + 𝑖𝑘 ! = 𝜀"𝜇"
Ø 𝑛 = ⁄𝑐 𝑣 . It quantifies the 𝑉𝑒𝑐𝑙𝑜𝑐𝑖𝑡𝑦 & 𝑃ℎ𝑎𝑠𝑒 of an EM wave through the medium.

Ø Phase constant: 𝛽 = 𝛽# 𝑛 =
$
%
𝑛, Extinction Coefficient = k, Absorption Coefficient: 𝛼 = 2𝛽#𝑘 = 2$

%
𝑘

Ø Mathematically, there are two solutions for the refractive index

𝒩 = 𝑛 + 𝑖𝑘 = ± 𝜀"𝜇" = ± 1 + 𝜒& 1 + 𝜒'
Where, 𝜒& and 𝜒& are electric and magnetic susceptibilities

The four possible sign combinations in the pair 𝜀", 𝜇" are (+,+), (+,−), (−,+), and (−,−). 



Optical Constants of Materials
Intro
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Relationship between 𝒩 and permittivity & permeability:
Ø For now, we ignore the magnetic response

𝑛 + 𝑖𝑘 = ± 𝜀"( + 𝑖𝜀"(( ⟹ 𝑛+ 𝑖𝑘 ! = 𝜀"( + 𝑖𝜀"(( ⟹ 𝑛! − 𝑘! + 𝑖2𝑛𝑘 = 𝜀"( + 𝑖𝜀"((

Ø Equating real and imaginary parts, we get
𝜀"( = 𝑛! − 𝑘!, 𝜀"(( = 2𝑛𝑘

𝓔𝒚 𝑥, 𝑡 = &𝒚𝐸DE𝑒
F GH I J𝑒K

G
H L J𝑒FKGM

𝑯𝒛 𝑥, 𝑡 = +𝒛𝐻DO𝑒
F GH I J𝑒K

G
H L J𝑒FKGM

Amplitude Phase

Polarization
For,	𝑘 = 0 For,	𝑘 ≠ 0
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+,+ ⟹ 𝜀" > 0, 𝜇"> 0 ⟹ 𝓔𝒚 𝑥, 𝑡 = e𝒚𝐸#*𝑒
+$% ,!-! .𝑒/+$0 ⟹

−,+ ⟹ 𝜀" < 0, 𝜇"> 0 ⟹ 𝓔𝒚 𝑥, 𝑡 = e𝒚𝐸#*𝑒
/$% ,!-! .𝑒/+$0 ⟹

+,− ⟹ 𝜀" > 0, 𝜇"< 0 ⟹ 𝓔𝒚 𝑥, 𝑡 = e𝒚𝐸#*𝑒
/$% ,!-! .𝑒/+$0 ⟹

−,− ⟹ 𝜀" < 0, 𝜇"< 0 ⟹ 𝓔𝒚 𝑥, 𝑡 = e𝒚𝐸#*𝑒
/+$% ,!-! .𝑒/+$0 ⟹

Refractive Index (Optical Constants: 𝒏 &, 𝒌) of Materials:
Ø For a lossless medium, 𝒩 = 𝑛 + 𝑖𝑘 = ± 𝜀"𝜇", wave expressions for four possible sign combinations in 

the pair 𝜀", 𝜇" are (+,+), (+,−), (−,+), and (−,−).
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AIR

DPS (𝜺 > 0, 𝜇 > 0)
𝒩 = + 𝜀𝜇 𝜖 ℝ

AIR

ENG (𝜺 < 0, 𝝁 > 0)
No Transmission

AIR

DNG (𝜺 < 0, 𝝁 < 0)

Veselago’s Materials/ 
Left-Handed Materials

Right-Handed 
Materials

Plasmas
𝜔 < 𝜔1&

AIR

MNG (𝜺 > 0, 𝝁 < 0)

𝝁
(permeability)

𝜺
(permittivity)

(1,1)

(1,1)

Forward Propagation

Water, Air, Glass, Rubber etc.

Isotropic Dielectrics
Abundant in nature

𝒩 > 0
𝒩 = 𝑖 𝜀𝜇 𝜖 𝕀Evanescent wave/

No Transmission

metals at optical 
frequencies

Au, Ag, W, Ni, etc.

Evanescent wave/
No Transmission

Water, Air, Glass, Rubber etc.

Ferromagnetic Materials

Backward 
Propagation

metals at optical 
frequencies

Au, Ag, W, Ni, etc.

𝒩 = − 𝜀𝜇 𝜖 ℝ, 𝒩 < 0 

Ferrites
𝜔 < 𝜔1'

𝒩 = 𝑖 𝜀𝜇 𝜖 𝕀

𝑬𝒚 𝑥 = e𝒚𝐸#*𝑒/2" ,!-! .

𝑬𝒚 𝑥 = e𝒚𝐸#*𝑒+2" ,!-! .

𝑬𝒚 𝑥 = e𝒚𝐸#*𝑒/+2" ,!-! .

𝑬𝒚 𝑥 = e𝒚𝐸#*𝑒/2" ,!-! .
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Metamaterials
A New Paradigm of Science and Engineering

Meta
mate

ria
ls

Metamaterials: from the Greek word meta, meaning “beyond” or “after”, and the Latin word materia,
meaning “matter” or “material”) is any material engineered to have a property that is not found in naturally
occurring materials.
Ø They are made from repeated patterns of multiple sub-wavelength elements (fashioned from composite

materials such as metals and plastics).
Ø They derive their properties not from the properties of the base materials, but from their newly designed

structures.



Metamaterials
A New Paradigm of Science and Engineering
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Metamaterials: from the Greek word meta, meaning “beyond” or “after”, and the Latin word materia,
meaning “matter” or “material”) is any material engineered to have a property that is not found in naturally
occurring materials.

Natural Material Metamaterial (artificial)

atom
meta atom

Effective Constitutive Parameters:
Permeability (𝜺𝒆𝒇𝒇), Permittivity (𝝁𝒆𝒇𝒇), Mass density (𝝆𝒆𝒇𝒇), Bulk modulus 
(𝑲𝒆𝒇𝒇), etc.
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Anomalous Response: Like Negative Refraction & Invesibiltiy (Cloaking), Compactnes, Enhanced Performance

MetablockerSonoblind

Metamaterials
A New Paradigm of Science and Engineering



Metamaterials
Companies & Market

Meta
mate
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ls

Bill Gates backed VC 
firm specifically for 

metamaterials

62 Million USD Fund

CAGR: compound annual growth rate

End Users: Automotive, Aerospace & 
Defense, Medical Instrumentation, 
telecommunication, and Optics.
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Meta/Flat-Optics → Entry to Industry

Victor Georgievich Veselago
1929 - 2018

Ø In 1967, Viktor Veselago visionary speculation on the existence of “substances
with simultaneously negative values of ε and μ”.

Ø He called these “substances” LH to express the fact that they would allow the
propagation of electromagnetic waves with 𝑬, 𝑯, and wave vector building a left-
handed triad.

Ø He recognized, “Unfortunately, . . . , we do not know of even a single substance
which could be isotropic and have μ < 0.” thereby pointing out how difficult it
seemed to realize a practical LH structure.
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Meta/Flat-Optics → Entry to Industry

Victor Georgievich Veselago
1929 - 2018

Several fundamental phenomena occurring in or in association with LH media

were predicted by Veselago

Ø Reversal of the boundary conditions relating the normal components of the

electric and magnetic fields at the interface between a conventional/right-

handed (RH) medium and an LH medium.

Ø Reversal of Snell’s law.

Ø Subsequent negative refraction at the interface between a RH medium and a

LH medium.

Ø Transformation of a point source into a point image by a LH slab.

Ø Interchange of convergence and divergence effects in convex and concave

lenses.
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Lorentz Oscillator Model for Dielectrics

The Lorentz model uses Newton’s equation of motion to describe an electron displacement from
equilibrium within an atom.

𝐹3%%&4&"30+56 = 𝐹74&%0"+% − 𝐹83'1+56 − 𝐹9&:0;"+56/=1"+56

𝑚&
𝜕!𝒓𝒆
𝜕𝑡!

= 𝑞&𝑬 −𝑚&𝛾
𝜕𝒓𝒆
𝜕𝑡

− 𝑘?;;@&𝒓𝒆 = 𝑞&𝑬 −𝑚&𝛾
𝜕𝒓𝒆
𝜕𝑡

− 𝑚&𝜔#!𝒓𝒆

Where, 𝜔# = ⁄𝑘?;;@& 𝑚& is the natural oscillation frequency (or resonant frequency) associated with the 
electron mass and the spring constant.
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Lorentz Oscillator Model for Dielectrics

𝑛 + 𝑖𝑘 ! = 𝜀"( + 𝑖𝜀"(( = 1 + 𝜒& = 1 +
𝜔1!

𝜔#! − 𝜔! − 𝑖𝜔𝛾
,

𝒏𝟐 − 𝒌𝟐 = 𝜺𝒓( = 𝟏 +𝝎𝒑
𝟐 𝝎𝟎

𝟐 −𝝎𝟐

𝝎𝟎
𝟐 −𝝎𝟐 𝟐 +𝝎𝟐𝜸𝟐

,

𝟐𝒏𝒌 = 𝜺𝒓(( = 𝝎𝒑
𝟐 𝝎𝜸

𝝎𝟎
𝟐 −𝝎𝟐 𝟐

+𝝎𝟐𝜸𝟐

𝜔𝒑 =
𝑁𝑞&!

𝜺𝟎𝑚&
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Drude Model for Metals

𝑚&
𝜕!𝒓𝒆
𝜕𝑡!

= 𝑞&𝑬 −𝑚&𝛾
𝜕𝒓𝒆
𝜕𝑡

− 𝑘?;;@&𝒓𝒆

= 𝑞&𝑬 −𝑚&𝛾
𝜕𝒓𝒆
𝜕𝑡

− 𝑚&𝜔#!𝒓𝒆

𝑛 + 𝑖𝑘 ! = 𝜀"( + 𝑖𝜀"(( = 1 + 𝜒& = 1 −
𝜔1!

𝜔! + 𝑖𝜔𝛾

𝒏𝟐 − 𝒌𝟐 = 𝜺𝒓( = 𝟏 −𝝎𝒑
𝟐 𝝎𝟐

𝝎𝟒 +𝝎𝟐𝜸𝟐

𝟐𝒏𝒌 = 𝜺𝒓(( = 𝝎𝒑
𝟐 𝝎𝜸
𝝎𝟒 +𝝎𝟐𝜸𝟐

Ø Near the plasma frequency, both the real and imaginary parts of permittivity are significant, and metals are
very lossy.

Ø At very high frequencies above the plasma frequency, loss vanishes, and metals become transparent.

Ø Below the plasma frequency, the dielectric constant is
mostly imaginary, and metals behave like good
conductors.
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Drude Model for Metals

Ø Below the plasma frequency, the dielectric constant is mostly imaginary, and metals behave like good
conductors.

Ø At very high frequencies above the plasma frequency, loss vanishes, and metals become transparent.
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Negative: 𝜀z Positive: 𝜇z 𝜀z < 0, 𝜇z > 0

𝜀" 𝜔 = 1 −
𝜔1&!

𝜔! − 𝑖𝜔𝛾 = 1 −
𝜔1&!

𝜔! + 𝛾! − 𝑖
𝛾𝜔1&!

𝜔 𝜔! + 𝛾!

𝜔1& = electric plasma frequency = ⁄2𝜋𝑐! 𝑝!𝑙𝑛 ⁄𝑝 𝑎

a: radius of the wires, 𝛾 = damping factor = 𝜀# }⁄𝑝𝜔1& 𝑎
!
𝜋𝜎

It clearly appears in this formula that

Re 𝜀" < 0, 𝜔! < 𝜔1&! − 𝛾!
Which, for 𝛾 = 0, reduces to

𝜀" < 0, 𝑓𝑜𝑟 𝜔 < 𝜔1&
On the other hand, permeability is simply 𝜇 = 𝜇# since no magnetic material is present and no magnetic dipole
moment is generated.

For, E parallel to the wire axis induces a current along them and generates equivalent electric dipole moments, exhibiting a
plasmonic-type permittivity frequency function.

J B Pendry et al 1998 J. Phys.: Condens. Matter 10 4785
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Artificial Permittivity

D. Schurig et al, Appl. Phys. Lett. 88, 041109 (2006)
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𝜇" 𝜔 = 1 −
𝐹𝜔!

𝜔! − 𝜔#'! + 𝑖𝜔𝛾

= 1 −
𝐹𝜔! 𝜔! − 𝜔#'!

𝜔! − 𝜔#'! ! + 𝜔𝛾 ! − 𝑖
𝐹𝜔!𝛾

𝜔! − 𝜔#'! ! + 𝜔𝛾 !

𝜔;' = 𝑐 ⁄3𝑝 𝜋𝑙𝑛 ⁄2𝑤𝑎F 𝛿 ,

𝜔;': magnetic resonance frequency, 𝑤: width of the ring,
𝛿: 𝑟𝑎𝑑𝑖𝑎𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔, 𝐹 = 𝜋 ⁄𝑎 𝑝 !, a: inner radius of the smaller ring, 𝛾 = ⁄2𝑝𝑅( 𝜇#

Artificial Plasma Frequency (SRR) 
Positive: 𝜀z Negative: 𝜇z i. e. , 𝜀z < 0, 𝜇z > 0

For, H perpendicular to the plane of the rings induces resonating currents in the loop and generate equivalent magnetic
dipole moments, exhibiting a plasmonic-type permeability frequency function.

Hence, a frequency range can exist in which Re(𝜇#) < 0

𝜇# < 0, 𝑓𝑜𝑟 𝜔$% < 𝜔 <
𝜔$%
1 − 𝐹

= 𝜔&% = magnetic plasma frequency

J. B. Pendry, "IEEE Transactions on Microwave Theory and Techniques, vol. 47, no. 11, pp. 2075-2084, Nov. 1999.
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Artificial Permeability

J. B. Pendry, IEEE Transactions on Microwave Theory and Techniques, vol. 47, no. 11, pp. 2075-2084, Nov. 1999.
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Experimental Demonstration Of Left-handedness

Smith et al. combined the TW and SRR structures of Pendry into the composite structure, which represented
the first experimental LH MTM prototype.

D. R. Smith et al.” Phys. Rev. Lett., vol. 84, no. 18, pp. 4184–4187, May 2000.
R. A. Shelby et. al,” Science, vol. 292, pp. 77–79, April 2001
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Experimental Demonstration Of Left-handedness
Credit Slide: Dr. Raymond C. Rumpf University of Texas at El Paso (UTEP)
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Experimental Demonstration Of Left-handedness

Negative Refraction                                                                 “FLAT LH LENS”
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Experimental Demonstration Of Left-handedness



Meta
mate

ria
ls

Anomalous Response: Like Negative Refraction & Invesibiltiy (Cloaking), Compactnes, Enhanced Performance

MetablockerSonoblind

Metamaterials
A New Paradigm of Science and Engineering
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Experimental Demonstration Of Left-handedness

Extra Slides
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Lorentz Oscillator Model for Dielectrics

Taking the Fourier transform,
𝑚& 𝑖𝜔 ! +𝑚&𝛾 𝑖𝜔 + 𝑚&𝜔#! 𝒓𝒆 = 𝑞&𝑬

𝒓𝒆 =
𝑞&
𝑚&

𝑬
𝜔#! − 𝜔! − 𝑖𝜔𝛾

, 𝑃 = 𝑁× 𝑑𝑖𝑝𝑜𝑙𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 = 𝑁𝑞&𝒓𝒆 =
𝑁𝑞&!

𝑚&

𝑬
𝜔#! − 𝜔! − 𝑖𝜔𝛾

= 𝜀#𝜒&𝑬

𝜒& =
𝑁𝑞&!

𝜀#𝑚&

1
𝜔#! − 𝜔! − 𝑖𝜔𝛾

=
𝜔1!

𝜔#! − 𝜔! − 𝑖𝜔𝛾
, 𝜔𝒑 =

𝑁𝑞&!

𝜺𝟎𝑚&

𝑛 + 𝑖𝑘 ! = 𝜀"( + 𝑖𝜀"(( = 1 + 𝜒& = 1 +
𝜔1!

𝜔#! − 𝜔! − 𝑖𝜔𝛾
, 𝜔𝒑 =

𝑁𝑞&!

𝜺𝟎𝑚&

𝒏𝟐 − 𝒌𝟐 = 𝜺𝒓( = 𝟏 +𝝎𝒑
𝟐 𝝎𝟎

𝟐 −𝝎𝟐

𝝎𝟎
𝟐 −𝝎𝟐 𝟐

+𝝎𝟐𝜸𝟐
, 𝟐𝒏𝒌 = 𝜺𝒓(( = 𝝎𝒑

𝟐 𝝎𝜸

𝝎𝟎
𝟐 −𝝎𝟐 𝟐

+𝝎𝟐𝜸𝟐


