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Wireless Power Transfer: Principles and Prospects 



NYU WIRELESS: Mission and Expertise

Leading academic center in wireless communications

25 faculty, post-docs, research engineers

60 students

15 industrial affiliates

Largest research center in NYU Tandon

Our mission:

Create future leaders

Fundamentalresearch:Lead the way to the next generations

Solveproblemsfor industry

Current in force funding

Over $10 Million/annually  from  NSF,  NIH, and Corporate sponsors
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NYU WIRELESS: Technologies and students that impact the real world!

²Ŝ ŦƻŎǳǎ ƻƴ ǿƛǊŜƭŜǎǎ ǘŜŎƘƴƻƭƻƎƛŜǎΥ άŜƴŘ-to-ŜƴŘέ
oHow wireless interacts with upper layer protocols and applications
oHow wireless works in the real world!

NYU WIRELESS tools are widely-used in industry and academia
oNYUSIM Statistical Channel Model
oChannel Sounders, Propagation Data,  software, chips
oNs3 network simulator
oWidespread industry and academic use ςover 80,000 NYUSIM users

NYU WIRELESS has leading roles in two largest 
nationwide testbed programs

oNSF PAWR: COSMOS:  Large-scale city widetestbed in NYC
oSRC/DARPA:  JUMP:  Multi-university center on THz

Theory to Practice



NYU WIRELESS Research Thrusts
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NYU WIRELESS INDUSTRIAL AFFILIATES
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Tom Marzetta ïAn Introduction
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Å Born 1951, Washington, D.C.

Å Licensed radio amateur, WN(A)3BQK, 1964

Å Gonzaga College High School, Washington, D.C., 1964-1968

Å Working career
ÅPetroleum exploration (Schlumberger-Doll Research, 1978-1987)

ÅDefense (Nichols Research, 1987-1995)

ÅTelecommunications (Bell Labs [AT&T, Lucent Technologies, Alcatel-Lucent, Nokia], 1995-2017)

ÅNYU, 2017-present



ÅWhy go after it? Not because itôs easy, but because itôs hard!

ÅIncalculable potential pay-offs; what if we could wirelessly power:

Ådrones?

Åoperating room instruments and devices?

Åfactory robots?

ÅWeôre still far from realizing this promise!

ÅThere is no known physical principle standing in the way

Wireless Power Transfer



ÅTransmitted power 

ÅPower density

ÅReceived power

ÅTransfer efficiency

Å

Classical Beamforming Isnôt the Answer
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Circuit Theory of Wireless Power Transfer

M.T. Ivrlac and J.A. Nossek, ñToward a circuit theory of communicationò, IEEE Trans. Circuits and 

Systems, July 2010

M.N. Abdallah, T.K. Sarkar, M. Salazar-Palma, ñMaximum power transfer versus efficiencyò, IEEE 

Antennas and Propagation Society International Symposium, 2016

T.L. Marzetta, ñSuper-directive antenna arrays: Fundamentals and new perspectivesò, Proc. 53nd

Asilomar Conference on Signals, Systems, and Computers,2019



ÅPorted device

ÅLinear time-invariant system of n ported devices completely described 

by         complex-valued impedance matrix 

Åreciprocity                                                    (unconjugatedtranspose)

Åreal power dissipation is non-negative

Any System of n Transmit/Receive Antennas is an n-Port Network
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Å Classical solution: optimize the load impedance

How to Draw Maximum Power From a Voltage Source
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Å Classical solution: optimize the load impedance

Å Alternative solution technique: optimize the load current ïa useful trick!

Only 50% efficient!
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Power Transfer Between Two Arrays

Å Transmit power

Å Receive power
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Strategies for Choosing Transmit & Receive Currents

Å Power transfer efficiency

Å Greedy strategy (non-cooperative)
Å given the transmit current, choose receive current to maximize receive power:

Å choosetransmit current to maximize resulting efficiency

Å efficiency never exceeds 50%

Å Optimum strategy: jointly choose transmit and receiver currents to maximize efficiency
Åoptimizedtransfer efficiency is the same in both directions
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Special Case: Mx1

Å Optimizedefficiency

Å 100% efficient if                                               (perfectly coupled) 

Å Greedy (non-cooperative) strategy
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Super-Directivity

S.A. Schelkunoff, ñA mathematical theory of linear arraysò, Bell Systems Technical Journal, 1943

G.J. Foschini and M.J. Gans, ñOn limits of wireless communication in a fading environment when 

using multiple antennasò, Bell Systems Technical Memorandum, Sept. 1995

ñFor example, consider a transmitting horn antenna, with an aperture about 10 wavelengths on 

a side, located in outer space roughly aimed at the earth, With a one wavelength diameter 

supergainantenna on the earth it is possible to receive virtually all of the power radiated by the 

horn antenna.ò



Super-Directivity: Deliberately Create and Exploit Mutual Coupling;

Distinct From Super-Resolution

Å Super-resolution

ÅPretends that propagating field is spatially bandlimited (it really isnôt ïevanescent waves!)

ÅA bandlimited field is analytic: measured field can, in theory, be extrapolated to create a 

larger, higher-resolution, array (prolate spheroidal wave functions)

ÅApplicable to synthetic apertures

Å Super-directivity

ÅRelies on mutual coupling among antennas

ÅCanôt be used with synthetic apertures



ÅImpedance matrix

ÅObject is to maximize open-circuit receiver voltage, subject to transmit power constraint

Example: End-Fire Linear Array
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ÅIf we ignore mutual coupling (maximum-ratio; time-reversal beamforming)

ÅSuper-directive beam-forming

ÅSuper-directivity increases beamforming gain from 
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M=8: Array Gain Relative to Single-Antenna Gain



Broad-Side Linear Array (Receiver Normal to Array Axis): No 

Super-Directivity; Mutual Coupling Only Makes Things Worse!

Array-Gain/M



ÅLimit current distribution, dĄ0:

Ånote: a short dipole is equivalent to a two-element super-directive array!

ÅMathematical interpretation: find a sub-space of the real part of the mutual impedance 

matrix, having small eigenvalues, that contains at least a portion of the propagation vector
Åthese modes can be driven by large currents

ÅPlane-wave expansion of field
Åutilize closely-spaced antennas to create super-wavenumber (           ) plane-waves in 

direction of receiver                                       , so transverse wavenumbers are imaginary

Åtransversely, the super-wavenumber plane-waves are evanescent!

Åthey decay exponentially and carry only reactive power transversely

Åexplains why broad-side operation doesnôt support super-directivity

How to Explain Super-Directivity?
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ÅLinear array, end-fire operation, range 5 wavelengths

ÅAccount for antenna internal losses:

ohmic-resistance/radiation-resistance 

Super-Directive Power Transfer: 10-Antenna Array


