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BAND FREQUENCY | WAVELENGTH
Extremely Low Frequency ELF 300 - 3,000 Hz 1,000 - 100 Km
Very Low Frequency VLF 3-30 KHz 100 - 10 Km
Low Frequency LF 30 - 300 KHz 10-1Km
Medium Frequency MF 300 - 3,000 KHz I-0.1 Km
High Frequency HF 3-30 MHz 100 - 10 m
Very High Frequency VHF 30 - 300 MHz 10-1m
Ultra High Frequency UHF 300 - 3,000 MHz 1-0.1m

L 1-2GHz
S 2-4GHz
Super High Frequency SHF 3-30 GHz 10-1cm
C 4 -8 GHz
X 8- 12 GHz
Ku 12 - 18 GHz
K 18 -26.5 GHz
Ka 26.5 - 40 GHz
Extremely High Frequency | EHF 30 - 300 GHz 1-0.1cm
\Y 40 - 75 GHz
\\ 75-110 GHz
Sub-millimeter (TeraHertz) 300 - 3,000 GHz 1 —0.1 mm
Far infra-red 3-30THz 100 — 10 pm
Infra-red 30 -300 THz 10 -1 um
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Unique Spectral Lines of
Explosives and Drugs

Feature band centre position

Material frequency (THz)
Explosive
Semtex-H 072, 1.29, 1.73, 1.88, 2,15, 245,257
PE4 072, 1.29,1.73, 1.94, 221, 2,48, 2.60
RDX/ C4 072, .26, 1.73
e B
Ny

PETN® l
PETN? 2.
HMX?® 1.58,
HMXP |
TNT? 1
TNT® I
TNT 5.6
NH4NO: 4,7
Drugs

Methamphetamine |

MDMA

Lactose a-monohvdrate 0.
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[cing sugar L4, 161, 1.82, 5
Co-codamol 1.85, 2.09, 2,03

Aspirin, soluble 1.38,3.26

Aspirin, caplets 1.4,2.24
Acetaminophen 6.5

Terfenadine 3.2

Naproxen sodium 52,65
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1.05 3.2510.11 33.846 |14.2 [396.5
1.52 3.1210.325 |104.16 |59.2 |563.0
1.9 3.1 10.157 [50.645 |36.2 |700.8
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Fig. 2. The spectral extinction coefficient
(base ¢) and refractive index of RDX (100 mg
in polyethylene).
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Fig. 1. The spectral extinction coefficient
(base ¢) and refractive index of PETN (100 mg
in polyethylene).
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THz properties — clothes & packs
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Absorption in Clothes
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Fabric Morphology Origin 0r
Wool Nap Animal :
Linen Woven Plant (flax) b
Leather Compound Animal S -10 $--1
polymer (mammal) S ' 2 ieeRtlhe
: a | —— rayon a/--r-,
Denim Woven Plant (cotton) E | —— nylon . : ' N A
: g —— silk A A A N N
Naugahyde Homogeneous Synthetic 2 -20[| —= naugahyde R S A +
polymer { —— denim : : ; :
. . : | —=— leather '
Silk Woven Animal (insect) —o— linen
. } - || ==— wool
Nylon Knit Synthetic -30 0 — Y
Rayon Woven Synthetic '
-3dB Attenuation
Thickness Density Frequency At 1 TH7 g’
Fabric [mm] [kg/m?3] [THZz] [dB] (100kHz)
Wool 2.2 214 0.35 11.0 1.6
Linen 1.1 509 0.35 8.0 2.9
Leather 0.75 813 0.40 10.0 5.1
Denim 0.96 490 0.50 6.5 2.3
Naugahyde 0.65 800 0.70 5.5 2.6
Silk 0.36 256 1.0 3.0 1.4
Nylon 0.19 379 1.0 3.0 1.9
Rayon 0.15 733 >1.0 2.5 1.9




-3dB Attenuation

Thickness Density Frequency At 1 THz P
Fabric [mm] [kg/m?3] [THZ] [dB] (100kHz)
Wool 2.2 214 0.35 11.0 1.6
Linen 1.1 509 0.35 8.0 2.9
Leather 0.75 813 0.40 10.0 5.1
Denim 0.96 490 0.50 6.5 23
Naugahyde 0.65 800 0.70 5.5 2.6
Silk 0.36 256 1.0 3.0 1.4
Nylon 0.19 379 1.0 3.0 1.9
Rayon 0.15 733 >1.0 2.5 1.9
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Outlook: interferometric

homodyne detection scheme

1-THz BWO
: 2 — THz detector
3 — Focusing lenses
4 — Chopper
B 5 — Reflecting mirror

35 6 — Quasi-optical
A ™ splitter
) I'II -I'I \ ‘I|'|l '; _.-".: 7 - Sh utter-
|I I| | | Solid box - shut,
y i \ y ‘l ‘ dashed - open
3 < > 6 4 :.:fl 5
R S "'




Antenna + Detector
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Experimental set-up

# Manufacturer

#

1 | THz source GBWO-103 (Power Gycom, Nizhny Novgorod,
Supply) Russia

2 | Pyro-electric Detector Microtech Instruments, Inc
(based on LiTaO, Crystal)

3 | High-Performance Mid-Range Newport Corporation
Travel Linear Stage ILS-100PP
With Universal Motion
controller ESP-300

4 | THz Absolute Power Meter Thomas Keating LTD, UK

System




Frequency Measurements
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Calibration curve: frequency vs. e-beam energy
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THz lenses

Optical lenses : unbearable losses > 10 dB
piece =>

Home-made lenses’ production



THz lenses

Mm-wave lenses: teflon

THz lenses: polyethylene (PE)
lower material losses ~ 20%

higher refraction index ~ 10%



THz lenses

« Home-made THz lens design software
MathCad

« Lenses’ design

« Manufacturing

(Weizmann Institute workshop)



THz lenses

Home-made: $ 75 piece

Microtech Inc. $ 700
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Experimental

set-up
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Experimental set-up

L Lena
Mirror
L)cmf\ 12¢cm § ___I :
eas!

THz [*—* F ___________
Source \_/ Optic axis

[ Ocm

Transmission mode

+ : Absorption measurable
— : Impossible to measure high-loss samples



Experimental set-up

L Lena
Mirror
L)cmf\ 12cm L
H

B e
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THz :
S n ____I ||-__________?\
Source \_/ Optic axis

;— Sample

Detector

Reflection mode
— : Impossible to measure absorption

+ : Possible to measure high-loss samples
(refraction index)



Data processing - reflection

R(TE) = | r(TE) |2
R(TM) = | r(TM) |2

where

r(TE) = { cos (6,)— [e, - sin?(O)]1} |
{ cos (0,) + [e, — sin2(6,)] }

r(TM) = { ¢, cos 0,)— [, — sin2®O)]1} |
{ ¢, cos (@,)+ [e,— sin26,)]}
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Data processing - transmission

A radiation wavelength (in vacuum)
n+ik Complex refraction index
Complex dielectric constant

n+ik=1(e+e"
a=4mkK/A

€ +i¢€" =(n+iK)?
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Measurements: clothes




clothes

Measurements




Transmitted, pW

Reflected, pyW

Measurements: clothes
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Absorption, dB

Measurements: clothes

Power Meter
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Measurements: clothes

Power Meter
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Measurements:

Bio-materials




Measurements:

Bio-materials




Measurements:

Bio-materials
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Measurements: Powders




Measurements: Powders
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Absorption coeff, cm
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Experiment: dummy explosives
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