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From Physics to Practice
Electric field modeling in TMS
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Device-Facing

Evaluate Devices
Compare focality, depth of 
penetration, and field 
strength across coil designs 
on realistic head models

Quantify Preclinical Dose

Human & Clinical

Benchmark Sham
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Inform New Devices
Optimize coil geometry, 
winding patterns, and pulse 
waveforms in silico before 
committing to hardware 
prototypes
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Quantify Preclinical Dose
Translate animal/in vitro 
parameters into human-
equivalent field strengths, 
enabling cross-species 
inference

Preclinical & Mechanistic

Study Mechanism
Couple macroscopic field 
models to neuronal 
ultrastructures to predict 
activation site and threshold

5 Benchmark Technique
Verify control conditions 
deliver negligible cortical field, 
ruling out unintended active 
stimulation in blinded trials

Individualize Dosing
Adjust intensity and targeting 
per subject based on head 
anatomy, skull thickness, and 
target location, moving 
beyond % machine output
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Helekar et al., J Neurosci Methods, 309:153-160, 2018 Leuchter et al., Brain Stimul, 8:787-794, 2015



 Axially magnetized cylindrical neodymium 
magnets (N52 grade)

 3/8” long and 1/4” in diameter
 7179 Gauss surface field strength at each pole, i.e. 

Brmax = 1.48 T
 manufacturer: K & J Magnetics

 Magnet is rotated perpendicular to the scalp
 Distance between the closest pole of the magnet 

and the scalp is 5 mm
 Speed of rotation is up to 24,000 rpm

Robins et al., Bioengineering, 2025



rotating mesh interface 

axis of rotation

N

S

direction of rotation
right hand ruleConductive part of the rotor 

is modeled using

Nonconductive part of both rotor and stator 
are modeled using

Robins et al., Bioengineering, 2025





Leuchter et al., Front Hum Neurosci, 7:37, 2013

Diametrically magnetized magnets
Rotating parallel to the scalp
1 inch in diameter and height
Surface field 0.64 T
~10 Hz (IAF) rotation

Synchronized TMS





Rotational frequency 10.05 Hz
Max |E|: 0.082 V/m

Pulse frequency: 3448 Hz
Max |E|: 401.5 V/m

Robins et al., Bioengineering, 2025







“lower IAF predicted poorer  
response in participants who 
received 10 weeks of active 
sTMS (p = 0.001)





Robins et al., Bioengineering, 2025
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Robins et al., Bioengineering, 2025





Peak E-field 
on the order of
~1-10 V/m

LFMS: Rodent model

Rachel Sherrard, MD/PhD

Sorbonne

Jenny Rodger, PhD

UWA



left Cbm right Cbm

ML

GL

left Cbm

ML

GL

Left pedunculotomy
+ sham stimulation

Biomimetic high frequency 
stimulation (BHFS)

Dufor et al., Sci Adv, 2019

In vivo experiment
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BHFS nearly doubled 
the number of cfos-
positive cells compared 
to sham

Dufor et al., Sci Adv, 2019

LFMS: Cellular activation



P
C

 %
 V

G
LU

T
2/

C
B

40

30

20

10

0
WT WT DKO DKO

Sham BHFS BHFS BDNF

*** ***

In explant cultures from 
Cry1-/-Cry2-/- DKO mice, 
BHFS no longer induces 
reinnervation

Dufor et al., Sci Adv, 2019

LFMS: KO experiment











Elements of valid sham TMS

Should look and sound like active
Should reproduce the same somatic 
sensation (coil vibration, scalp nerve 
and muscle activation)
No active brain stimulation, i.e., 
minimum E-field













Concurrent cutaneous 
electrical stimulation
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Why pulse shape matters… 
strength–duration properties of 
sensory fibers
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Deng et al., Biomedicines, 2023



Deng et al., Biomedicines, 2023

5-cm rule
underdoses

F3 targeting is more accurate, but 
not necessarily more precise

MRI-guided. Good. 
Can we do even better?



Deng et al., Biomedicines, 2023





Dannhauer et al., Biol Psychiatry, 2025



Deng et al., Biomedicines, 2023
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Numssen et al., Imaging Neurosci, 2024



Weise et al., PLoS Comput Biol 2026



Li, et al. Neuroimage, 264:119705, 2022

And fasterMore detailed

Weise, et al.; Qi et al; Makaroff et al.







Unpublished



Future work: Generative models for targeting

Get ULF images, perform super-
resolution image reconstruction
Make structural connectome 
from DTI
Embed neural mass models at 
each parcellation node
Structural connectivity weighted 
network defines inter-node 
coupling
Use foundation fMRI model’s
learned latent-representations of 
resting-state dynamics to infer 
subject-specific parameters
Simulate resting-state FC 
between DLPFC and sgACC to 
identify treatment target
E-field modeling to optimize coil 
placement



www.zzzdeng.net
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