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Electromagnetic Exposure
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• RF-based consumer applications increases human 
exposure to electromagnetic fields (EMF).

• Human sensitivity to EM exposure is known:
• Skin responses
• Musculoskeletal pain 
• Headaches
• Dizziness



Human Skin Penetration Depth 



What can EM interact with?

• EMF penetrates upper skin layers

[4] Alhallak, K., et al. "Skin, light and their interactions, an in-depth review for modern light-based skin therapies." J Clin Derm Ther 7.2 (2021): 081.



EM interaction at Epidermis

[4] Alhallak, K., et al. "Skin, light and their interactions, an in-depth review for modern light-based skin therapies." J Clin Derm Ther 7.2 (2021): 081.

• Interacting with the capillary network. 
• Inducing nonthermal effects on the circulating blood.
• Effects may be transferred into internal organs.  



What is Blood?

https://www.britannica.com/science/blood-biochemistry



Blood components

https://my.clevelandclinic.org/health/body/22865-plasma

EM exposure targets:
- 45% erythrocyte (red blood cells)

Transfer oxygen 

- 4% Protein (Albumin, Globulins)
Protect from diseases , transport



Electro-Magnetic Structure of RBC



The Main Conjecture

EM field

Interact with charged part 
of RBC

EM forces deform the RBC

Mutation

Deceases

Merab, Beraia & Guram, Beraia. (2024). Electromagnetism - Properties of Erythrocytes. Global Journal of Health Science. 16. 16-16.



EMF Effect on RBC

• EMF-> forces on membrane charges
• Affects RBC deformability 



RBC Mutations are Associated with Diseases 

Siqi Song, Hong Zhang, Xiaoya Wang, Wei Chen, Wenxuan Cao, Zhe Zhang, Chunying Shi,”The role of mechanosensitive Piezo1 channel in diseases,” Progress in Biophysics and Molecular Biology, Volume 
172, 2022, Pages 39-49.
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Motivation and Existing Gap 

• The existing EMF exposure systems expose only static blood.
• Cannot be indicative to practical circulating blood conditions.

[5] Vazquez, F.; Villareal, A.; Rodriguez, A.; Martin, R.; Solis-Najera, S.; Melendez, O.R.M. Electric Field Sensing with a Modified SRR for Wireless Telecommunications Dosimetry. Electronics 2021, 10, 295.
[6] Perera, Tharushi & Nguyen, The Hong Phong & Dekiwadia, Chaitali & Wandiyanto, Jason & Sbarski, Igor & Bazaka, Olga & Bazaka, Kateryna & Crawford, Russell & Croft, Rodney & Ivanova, Elena. 
(2018). Exposure to high-frequency electromagnetic field triggers rapid uptake of large nanosphere clusters by pheochromocytoma cells. International Journal of Nanomedicine. Volume 13. 8429-8442.



The Challenge



The Main Focus

• EMF exposure system design:
• Part I: Near-field EMF exposure system
• Part II: Far-field EMF exposure system



The Main Goal

• Design exposure system
to ensure: uniform EMF 







Near-Field EMF Exposure System



EM Simulation of the Exposure Cuvette

• CST simulation 
• Gold-coted electrodes with electric conductivity of 4.561 ⋅ 107𝑆𝑆/𝑚𝑚 and 

thermal expansion coefficient 14 ⋅ 10−61/𝐾𝐾
• Simulated frequencies: 0.7, 1, 1.95, 2.45, 3.5 𝐺𝐺𝐺𝐺𝐺𝐺
• Average transmit power: 10𝑑𝑑𝑑𝑑𝑑𝑑
• Cuvette of lead glass  with permittivity 6 and conductivity 10−12𝑆𝑆/𝑚𝑚, permeability 1𝐻𝐻/𝑚𝑚.



Monopole Antenna Within Exposure Cuvette

• Nonuniform distribution of the electromagnetic field.
• Significant variations with increasing frequency. 



Dipole Antenna Outside the Exposure Cuvette

The standing wave pattern within the
exposure cuvette compromises the 
EMF uniformity.



Cylindrical Electrodes E-Field & Power Flow



Plane Electrodes: Transverse Electromagnetic (TEM) Cell

Power flow H-field

E-field

• H-field is relatively uniform
• Power flow is real and time-invariant



E-Field Uniformity

• The E-field uniformity 
degrades with increased 
frequency

• 7.5 mm diameter provides
the E-field ~uniformity. 



Influence of Suspension Level 

The E-field uniformity degrades with the reduced suspension level



Near-Field EMF Exposure System

Zurich University Hebrew University 



Spectroscopy Measurement

Setup

• EMF frequency: 0.7-5 GHz
• EMF power: 10 dBm
• Plate electrodes
• Exposure time: 20 minutes
• Sample RBC volume: 5 ml
• Waveform: 

pulse of 4.0 μsec, 50% duty cycle





Far-Field EMF Exposure System -Design



Far-Field EMF Exposure System -Design



Antenna-Design



Antenna-Design



Chamber CST - Model

Chamber with absorption material E-field free-space E-field with absorption material



Cuvette Design



Cuvette Design



E-field Distribution in Cuvette



E-field Distribution in Cuvette



Specific Absorption Rate (SAR)

SAR- EMF energy absorption rate in tissue [W/kg]

𝜎𝜎 – electric conductivity of the sample
E- Electric field 
𝜌𝜌- density of the sample
V- volume of the sample



Far-Field EMF Exposure Cell CST Simulation: SAR



Specific Absorption Rate (SAR)



Specific Absorption Rate (SAR)



Specific Absorption Rate (SAR)



Far-Field EMF Exposure System-Implementation





Far-Field EMF Exposure System Isolation

(b) (a)

(a) Rx outside the chamber
(b) Rx inside the chamber



Complete Far-Field EMF Exposure System



Far-Field EMF Exposure System Components

Chamber CuvetteExposure System









RBC Deformability



Experiment RBC Deformability Setup



RBC Deformability



RBC Deformability



RBC Deformability





Experiment Erythrocyte sedimentation rate (ESR)



RBC deformability parameters after incubation at 40°C.

Experiment: Thermal Effects



Thermal Experiment -Conclusion







The Method: Dielectric Spectroscopy

• DS - study the electrical 
properties of material

• Measuring response to 
EMF

• Information about:
• material's structure
• molecular dynamics
• relaxational 

processes

https://www.ieee.org/ns/periodicals/NxtBooks/MM/PDF/MM_Apr2023.pdf



The Method: Dielectric Spectroscopy

• Complex permittivity:
𝜀𝜀 𝑓𝑓 = 𝜀𝜀′ 𝑓𝑓 − 𝑗𝑗𝑗𝑗′′ 𝑓𝑓

• Determines - material’s 
responds to EMF

• Calculated from 
reflection + 
transmission. 

• Described by:
S-parameters

• Measured by a VNA 
https://www.ieee.org/ns/periodicals/NxtBooks/MM/PDF/MM_Apr2023.pdf



Cindy J. Galindo , PhD thesis Presentation, HUJI, 2024

• Complex permittivity spectrum of biological material = EM fingerprint

The Method: Dielectric Spectroscopy



The Method: Dielectric Spectroscopy

Complex permittivity

𝜺𝜺 𝒇𝒇 = 𝜺𝜺′ 𝒇𝒇 − 𝒋𝒋𝒋𝒋′′ 𝒇𝒇



Time- dependent fields: 

Polarization:

• EMF–induces polarization
• Polarization is described by

complex permittivity:
Magnitude – polarization extent
Phase – polarization delay

The Method: Dielectric Spectroscopy



Relaxation Phenomena

https://read.nxtbook.com/ieee/microwave/microwave_april_2023/dielectric_spectroscopy.html

Dielectric relaxation
Time-dependent process  
when material’s polarization
adjusts to varying EMF



Relaxation Phenomena in BioMatter

https://read.nxtbook.com/ieee/microwave/microwave_april_2023/dielectric_spectroscopy.html• α –dispersion: tangential flow of ions across cell surfaces 
• β –dispersion: build-up of charge at cell membranes (Maxwell-Wagner effect) 
• γ -dispersion is due to the dipolar rotation of small molecules 

(water) – the major part of any biomatter

β-dispersion



Cole-Cole Model
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Relation between relaxation and dielectric parameters

Dielectric strength 
Broadening of the relaxation distribution

Vacuum permittivity

Relaxation time
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Effect of EMF exposure of MetHb solution

• Dielectric measurement of MetHb
solution before/after EMF exposure

• MetHb provides a controlled
biochemical state allowing:

• Isolate EMF effects
• Compare with normal Hb or 

RBC response
• Measure changes in:

• Absorption
• Relaxation



Dielectric Relaxation Time
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Possible Reason





Experiment Hemolysate



Hemolysis



Experiment Hemolysate- Setup

• Exposure for 40 min
• Circulating hemolysate
• Temperature-controlled
• Unmodulated EMF 
• High hemoglobin concentration:

- Centrifugation removed plasma from blood
- cell concentrate was hemolyzed.

Hemoglobin concentration: 20.5 ± 1.2%.



Experiment Hemolysate- Dielectric Strength 



Experiment Hemolysate- Conductivity



Experiment PBS (Control)



Modulation Impact



Irreversibility of EMF Effects



Experiment Protein Level- outside RBC 
(plasma)

94



Albumin Solution Exposure



Albumin Solution Exposure



EMF–blood



Next Steps

• Build the model explaining ionic changes within EMF

• Predict the health effects of the EMF exposure
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