There WIll be

Sept. 12 2015

3 v
DRECR I

Email: mfchang@nctu.edu.tw

L Y



Various Aspects of

e Let There be

—Big Bang & Cosmic Microwave
Background (CMB)

within Electromagnetic Wave (EM)
Spectrum

as Signhal & Noise

In Humanities
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F H % >  The Expanding Universe
Universe started from a “ ”!
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Origin of ’ Origin of
Life Consciousness
Copyright © 2005 Pearson Prentice Hall, Inc.

Origin of
Particles

Origin of
Structure
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Galactic Evolution Since Big Bang

Astrophysics Drivers for THz Sensors

THz is the primary freq. for line and continuum radiation from cool
(5-100 K) gas (atoms and molecules) and dust.

DUST EMISSION

5/ HEAVY MOLECULES
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VIBRATION-ROTATION SPECTRA
OF POLYAGCETYLENES AND PAH's
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DUST RESONANGES

2.7 K COSMIC BACKGROUND

2ml

1 1 L L
m imm 500um  200pm 100um

(from Tom Phillips, IEEE Proc., 80, mS. 11, 1992).
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Useful for Studying
Stellar and Galactic
Constituents and
Evolution,

Intensity [MJy/sr]
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Cosmology, Dust & T

Gas Chemistry, °
Cosmic Background
Physics.

Cosmic Microwave Background
(CMB) was detected by Arno
Penzias and Rob Wilson in 1964

by using a Radiometer

Cosmic Microwave Background Spectrum from COBE
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Electromagnetic Wave Spectrum
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1 Tera-Hertz = 101%/sec (one trillion cycles per sec)
US National GDP $14.2 trillion (Courtesy JPL)
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CMB Polarizations

infation

Lenerates
Two Types of 'l:
Waves

[ s sity Waves
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Detect CMB B-Mode Polarization

N polarizations modes

4h - | Tylytoly
y E-mode polarization: Density ‘ '-‘ir‘.':‘:”m[[”'*f
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Gravitational waves

Planar Phased Arrays:

e Horn arrays are difficult to fabricate

¢ Planar arrays have fully occupied
focal plane

¢ Easy integration with planar feeding
lines

¢ Direct stray radiation coupling to

the detectors JPL SPIDER Phased Array

(Courtesy JPL)
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B-Mode Detection Instrument

BICEP-2 Antenna

BICEP-2 |
Detectors — B vt
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First Direct Evidence
of Cosmic Inflation??
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B-Mode CMB Polarization
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March 17, 2014.
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Earth/Planetary Sciences JPBL

e Stratospheric and Tropospheric Chemistry oOur first 2.5 THz O; retrievals

- ozone layer modeling i i
- economics vs. environment e U
- water distribution/pollutants g

e Clouds: Global Warming e

- ice crystal: size & distribution
e Aerosols, Volcanism, Dust
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Remote Sensing with Fine Height Resolutlon (=1 km) via Limb Scannlng
heterodyne measurements yield Temp, Pressure, and ppm abundances

(Courtesy JPL)



PISSARRO 600 GHz SpectrometeerL

PISSARRO is a side-band
separating, dual polarization 600
GHz Spectrometer for many
planetary missions and carries out
several key science investigations
highly desired by NASA.

Mostly developed with moons like
Europa (Jupiter’s moon) and Titan
: in mind.
Some of PISSARRO’s Science Objectives to Characterize
1. Distribution of shallow subsurface water and structure of icy shells
2. Correlate surface features material exchange of surface, ice shell, and ocean
3. Gas phase molecules
4. Details of sputtering process in water
5. Temperature and diurnal effects
6. Escape probability in sputtered water
: 7. Specific chemical compounds

% Isotopic ratio and enrichment rates in water to "date" the immediate surface
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PISSARRO 600 GHz Spectrometer =0
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PISSARRO —AmmoniaLine JM=L
BT

- ‘3;),: :i:ith and Avg
Expected Bin 193
Peak Bin 193
SNR (Linear) 9.86/2.65 =
3.7
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NH, (572.498 GHz) [l
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572.300 572.400 572.500
Frequency (GHz)

The first demonstration of a CMOS-based spectrometer instrument
capturing real science data...
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as the Source of Noise

Black-body radiation is the type of Sky at temperature T
electromagnetic radiation within or /_\
surrounding a body in thermodynamic /\
equilibrium with its environment, V

12 Pn = kTB

Classical theory (5000 K)
8 Noise power
. | Pn=kTB Watts
o (In long-wavelength [imit)

7 /TN k: Boltzmann constant

2 4 'y m\\\\\\ (1.38 x 103J/k)

o /// | | ¥=——; T: Temperature in Kelvin

0 05 1 15 2 25 3 B: Bandwidth (HZ)

Wavelength {(pm)
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AL @ B (Human Sight)

~100M photo receptors

Sclera Choroid

Ciliary body

Ak Rk 16



Goal of Retinal Prosthesis at UCLA/USC

“Model 2 (Argus 2 - 60 pixels; mobility aid)
Received CE Mark and USA FDA Approval
Implantable chips designed by UCLA team

Patients with hand motions or worse vision
“Model 4 (1000+ pixels; reading/face recognition)

Expect prototype device (2014)
= Implantable chips designed by UCLA team

Patients with 20/200 or worse vision
Patients with retinal blindness (macular degeneration)

Courtesy Prof. Wen-Tai Liu, UCLA
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Light in University Mottos

dpH & B

Let there be light !
£ %, 3F 7%,

Light and Truth !
kP aEE
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http://upload.wikimedia.org/wikipedia/en/c/ce/University_of_California_Seal.svg
http://upload.wikimedia.org/wikipedia/en/0/07/Yale_University_Shield_1.svg
//upload.wikimedia.org/wikipedia/zh/6/6b/NCTU_emblem.svg
//upload.wikimedia.org/wikipedia/zh/6/6b/NCTU_emblem.svg
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=rqpoUpyoE-f0iQL__IGwAg&zoom=1&ved=1t:3588,r:2,s:0,i:96&iact=rc&page=1&tbnh=220&tbnw=229&start=0&ndsp=4&tx=136.4000244140625&ty=158.20001220703125
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=rqpoUpyoE-f0iQL__IGwAg&zoom=1&ved=1t:3588,r:2,s:0,i:96&iact=rc&page=1&tbnh=220&tbnw=229&start=0&ndsp=4&tx=136.4000244140625&ty=158.20001220703125
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=rqpoUpyoE-f0iQL__IGwAg&zoom=1&ved=1t:3588,r:2,s:0,i:96&iact=rc&page=1&tbnh=220&tbnw=229&start=0&ndsp=4&tx=50&ty=113.4000244140625
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=rqpoUpyoE-f0iQL__IGwAg&zoom=1&ved=1t:3588,r:2,s:0,i:96&iact=rc&page=1&tbnh=220&tbnw=229&start=0&ndsp=4&tx=50&ty=113.4000244140625
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
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http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
http://www.google.com/imgres?sa=X&biw=1024&bih=546&tbm=isch&tbnid=MKhq6GZWW-9m-M:&imgrefurl=http://www.fas.harvard.edu/~topdownsynthbio/index.cgi&docid=kOF_eU7_Ei-ySM&imgurl=http://www.fas.harvard.edu/~topdownsynthbio/images/harvard_logo.jpg&w=316&h=304&ei=m61oUonvH6WejAKCzoDgBw&zoom=1&ved=1t:3588,r:1,s:0,i:84&iact=rc&page=1&tbnh=206&tbnw=214&start=0&ndsp=10&tx=59.4000244140625&ty=156
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IN Humanities

Hope is being able to see that there is
despite all of the darkness (Desmond Tutu)

Darkness cannot drive out darkness: only
can do that. Hate cannot drive out hate:
only love can do that (Martin Luther King Jr.)

We can easily forgive a child who is afraid of
the dark; the real tragedy of life is when men
are afraid of the (Plato)

There is a crack in everything. That's how the
gets in (Leonard Cohen)
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http://www.brainyquote.com/quotes/authors/d/desmond_tutu.html
http://www.goodreads.com/author/show/23924.Martin_Luther_King_Jr_
http://www.goodreads.com/author/show/879.Plato
http://www.goodreads.com/author/show/52060.Leonard_Cohen

There Will be

INn driving out
Fear, Hate, Darkness and
through Cracks
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