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~ Introduction — Horn Telescopes -

~« This taIk s the result of 2 sufmmers attendmg
the RET DSPIRA program at WVU and GBO
. The horn telescopes descrlbed here are.
desrgned to detect the 21 cm radio waves e
transmltted by neutral atomlc hydrogen (HI) :
emltted by mterstellar hyd rogen in the galaxy_.'v_}-"-f?




- " Horn Telescope Design- . -

Horn
e aluminized
insulation board

e 60cm x 75 cm horn
opening

& Stand - constructed
¥ from 2” x2” and 2” x
= 4” wood

Waveguide & Antenna
e 4% " x6%"” metal can

e % wave antenna: 5.25 cm



P ShEathIng bodrd (nae
A’ Socioty.of Jesting

N INStalhove ! extonon studs wuskig'a, 7/16 " «
Coners ShoUId b
ardr ot . 7 e s
Do Am0Ima O, he Shoatl o Wil helo ke Y 7o
SDCrure, D QT LA G50 19, batenCOme)

Giarn capidiy
i o Jopa porod
BOYING officm for spac s8en




'Low noise ampllfler o - |
' * optimized for. 21 cm radlo waves at 1420 4 MHz
* gain =50 db T :
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. Stablllzed for operatlon |n urlwn SNVro.
'we g |
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Horn Telescope Operatlon

.Software Defmed Radlo (SDR)
o Alrspy radlo N

o 24 MHz — 1800 MHz range
~' ~ — 10 MHz bandwidth

. Gnuradlo program

- —usedto perform the S|gnal processmg =
— free & open source i
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spectrometer&continuum w cal % | spectrometer_w_cal %  fm_radio JLM %
Variable Variable Variable
. Import .
1D: vec_length 1D: integration time |mport: datetime 1D: timenow
Value: 4.096k Value: 40 o Value: 2018-09-18 18,5851

Multiply Const
‘Constant: custom_window[-v.
Vec Length: 4.096k

» calibration
¥ Core

Options
1D; top_block
Generate Optiens: QT GUI

Variable Variable
1D: samp rate 1D: freq r
Value: 10M Value: 14196 3
strean

osmocom Source 44 Delay _ } i Stream to Vector
Delay: 4.096k Num Items: 4.096k
Device Arguments: ai...pack=0 ! um Items:

Sample Rate (sps): 10M
ChO: Frequency (Hz): 1.41%G

Variable Variable Variable » Audio
1D: integration 1D: prefix 1D: recfile
Value: 2 Value: jhome/ds...ndata_2018/ Value: home/ds...51 demo.h3

» Boolean Operators

» Byte Operators
» Channelizers

* Channel Models
# Coding

» Control Port

» Debug Tools

* Deprecated

) 4

FFT
FFT Size: 4.096k
Forward/Reverse: Forward
Window: window.rectangular...
Shift: Yes
Num. Threads: 1

Multiply Const
Constant: custom_window[2*..
Vec Length: 4.096k

Add
Vec Length: 4.096k

» Digital Television
» Equalizers

g
]
)
ChoO: Freq. Corr. {ppm): 0 Multiply Const g v
Cho: DC Offset Mode: Off I—;}i De:e- ';‘;m H :m::' tn.m;: Constant: custom window[ve... = 5 » Error Coding
Cho: 10 Balance Mode: Off o um ftems: & Vee Length: 4.006k i E » FCD
ChO: Gain Mode: Manual Vec Length: 4.096k = i
€ho: RF Gain (dB): 14 EX * File Operators
Cho: IF Gain (dB): 12 Dela Stream to Vector Multiply Const o 3 > Fi
. : Y Constant: custom window[0: 29 = E Filters
Cho: BB Gain (dB): 12 Delay: 12.288k Num Items: 4096k - 58 ) )
Ve Length: 4.006k § : : ¥ Fourier Analysis
§§ 8 8 > GUIWidgets
c - .
Import QT GUI Histogram Sink = E i o 5 £ » Impairment Models
. . 0 L .
LmE ::::::::muéum i i.E hdf5 sink » Instrumentation
Wﬂ Autoscale: Yes 2« g ;. P o » Level Controllers
Variable A Mo b - 1 i save_toggle: False
g5 35 BE filename: /nome..51 demo.hs > Math Operators
1D: sinc_sample |ocations Min x-axis: -1 sl ok F) R p— =
Value: np.arange(-np.pi*4).. Max x-axis: 1 g § g E 22 £ po "t:'ﬂ_um » Measurement Tools
[t it | SR g st e
igyé i freq_step: 244141k essage Tools
Variable E gs E E 8 notes: b Misc
1D: sinc
[
Value: np.sinc(sinc_sample... QT GUI Chooser Modulators
) » Networking Tools
Variable 1D: save toggle
D — Label: Save File P NOAA
\lalllle' sinchnphammi (4%, Num Options: 2 » OFDM
FEE AL Default Value: False
— Option 0: True P 5 5 » Packet Operators
able . =] o =] =
ID: req stat :pl::o.lerltletn File % E § X x E § N x g § N > Pager
: n L: False T oAnEdg " O~ & AN
Value: 14146 e —— g o ; g E{ g o ; g g » ; g5 » Peak Detectors
! g23¢5t 223¢% §23i56 » Resamplers
Variable s38v " LR X B <55cn
ID: freq stey QT GUI Chooser ciEesgfio| |cEteysLlc| |cPtegsiic » Stream Operators
eqstep 1D: collect 2agd EEg| |22 E2 EES ER-E-N EES
Value: 244141k ¢ COTEC POLRGIE558) |G9aA3I558 phah3sss e » Stream Tag Tools
Label: Collect Data Efoggagad| |5Egggaged SEEErErE
QT GUI Range fuum Options: & iiiggggﬁ iiiggggﬁ §EEEEEEE > Symbol Coding
ID: ymin Default Value: nocal » Synchronizers
A Option 0: nocal
::L:c;:“ 0 Label 0: Spectru...alibration » Trellis Codmg
Start100 CriEE - || » Type Converters

* UHD

LIEE |5EE N/ Fdisel S1Uly TVl UELdily)
Id Value - | P Variables -
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. Collect Data: Spectrum with calibration ~ ~

Capture Latest Spectrum Save File: | Not writing to file -

u Data 0

u Min Hold
¥ Max Hold

1.420+09 14220409
Frequency

B Data0 W Data 0 W Data 0

® Min Hold ¥ Min Hold
= Max Hold ® Max Hold

System Temperature

e ——————
14140409 14160409 14182409 1.42e409 1.422e+09 1.414e+09 1.416e+09 1.418e+09 1.42¢409 1.
frequency frequency




- Horn CaI
o Slgnals detected mclude |nputs from extr‘ ‘_ SO

.. o Pmeasu'ted B G X( bJect Tsvstem) 3 ' *
| P,"nea;t,,e; > detected SIgnaI * R
o G '_— gain - SF P 7 7' ‘These.are all
= ,';'.Tobject g f S|gnal from object of mterest - S ¥function's of‘

| “(galaxy, pulsar, etc.) e Ifreq“e"CV

E T, ”--S|gnal from. extraneous sources o A '.-;' il

. o, system <

| S', 0 Callbratlon mvolves measurlng spectra of 2 known temperatures
"Thot 4 temperature of ground 300 K (assumed)
B

cold

e = temperature of empty sky 10 K (assumed)

....



~’,By coIIecting spectra of the ground and i
' 'temperature can be determmed o

- " ; g ¥ ey T
» o A A ne -' ‘ MRy & & - ol Y, o, P ’ &5

w 4 2R R S YK L .’. "\- . 3 9 L . 4

4 )

Phot Py 50 A N

cold g v T R

Thot .Told | D * g

: C
. / . i. . : ¢ . =) ] ) '
3 . o HEE R -

B Tl Pl

system T

L2

R (LT L




Collect Data: | spectrum with no calibration ~

Capture Latest Spectrum

//'” ot A AN N s AR

14138409 1.416e409 1418¢+09 1426409
Frequency

u Data0
= Min Hold
= Max Hold

B B e
14142409 1.4166+09 14180409 1.42+09 14220405 1.4140+09 1.4160+09 14180409 1.420+09 14220405

frequency frequency

save File: | Not writing to file ~

= Data0
= Min Hold
= Max Hold

14226409

= Data0 = Data 0
= Min Hold
= MaxHold




Features of the Calibration Block & Display

@llect Data: | Spectrum with no calibration -

f Capture Latest Spectrum ave File: | Not writing to file =
o

/ ® Data D

Adjust Collection Print display Writeto [

1 signal scale /Display to file .h5 fi
E . Option ———

I 1 AEIEHI'J I 1.AEZIE+09 I
Frequency
Source
W Data0 ] al 600

System [ {  Histogram
= Max Hold ]
Temperature

Noow
g 8
1

na

=]

=3
1

System Temperature
g
1

g 8
1

-5 =

o

T T T T T T T T T T
1.414e+09 1.416e+09 1.418e+09 1.42e+09 1.422e+09
frequency

T T T T T T T T T T
1.414e+09 1.416e+09 1.418e+09 1.42e+09 1.422e+09
frequency




ymin 0 - [SENHEER spectrum with no calibration . 1. POint and COIIect

Spectrum with calibration

ymax 20000 = Hot calibration m co I d ca I i b rat i O n

Cold calibration

20,000 —

2. Point and collect
hot calibration

15,000 |

§oe 3. Choose

Aol -t g

o] /‘\ o s o ‘ ) Spectruniwnth
Calibratio\n

s

S

o - o
; . . ; . ) | . T . . . ) . . T
1.414e+09 1.416e+09 1.418e+09 1.42e+09 1.422e+09
Frequency
400 m Data 0 ] = Data 0 ] ® Datao ¢
10 700
350 = Min Hold i = Min Hold ]
= Max Hold 1 u Max Hold 203
@ 300 g ]
57 500
B 250 1
E_ e € 400
o 200 L] s ]
- © o 5] ]
300
E 150 ]
% ]
@ 400 200
-5 - ]
50 100
0 [
r T T T T T T T T T r T T T T T T T T T T T T T T
1.414e+09 1.416e+09 1.418e+09 1.42e+09 1.422e+09 1.4148+09 1.4162+03 1.4182+09 1.42e+09 1.422e+09 B 05 0 05 1
frequency frequency Value




-'C‘al.ibr.ateld. Spectrum Displayed.

Collect Data: Spectrum with calibration

Capture Latest Spectrum Save File: | Not writing to file -

W Data0

= Min Hold
= Max Hold

T T
1.42e+09 1.422e+09

141 5‘e+09
Frequency

m Data 0 u Data 0

~ 75 K in Hold = Min Hold
ys —_— ® Max Hold = Max Hold

T

S

System Temperature

o

T 1
1.418e409 1.42e+09 1.422e+09
frequency

T
1.416e+09

T T T T f
1.418e+09 1.42e+09 1.422e+09 1.414e+09

frequency

T T
1.414e+09 1.416e+09
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Collect Data: Spectrum with calibration Order piZZa |

Capture Latest Spectrum Save File: | Not writing to file ~

u Data 0

1. Integration input ¥ i

] ] = Max Hol
2. Save calibrations for future ’
runs

T u T T
1.416e+09 1.42e+09 1.422e+09

Frequency

W Data 0 u Data 0

m Min Hold ® Min Hold
= Max Hold = Max Hold

L | | ? ? %

System Temperature
g

M

g

[}

-

o

T T T T f T T T T
1.418e+09 1.42e+09 1.422e+09 1.414e+09 1.416e+09 1.418e409 1.42e+09 1.422e+09

frequency frequency

T T
1.414e+09 1.416e+09




Horn TeIesc0pe Performance

e Can detect neutral hydrogen (HI) from the 54
M'lky Way Galaxy e _,m R .

100 150 200 250 300 350
galactic longitude




- Students can measure the Doppler shlft of. the &
] hydrogen srgnal from the expected 1420.4 |V|HZ- o
' -) the I\/IW galax,y is rQ., atmg' e

,.4; g

Signal vs. Frequency
60
HEEEEEN

50 Gal. Long. =53°

40

30

20

: t

unshifted

0- .
1419.0 1419.5 1420.0 1420.5 1421.0 1421.5 1422.0

Frequency (MHz)




MWG Rotation Curve
from horn data 7/26/18
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Implementatron in the classroom :

 Utilizing a hOm telescope covers ma ,??"' STEM standards

¢ Math —in aII phases of use AW
. Englneerlng &Technology bulld/dé5|gn horns

| test/modn‘y Bycle:-- “+% "y | .

Computer programmlng gnuradlo python

0 Astronomy ¢ o

radlo waves, EM spectrum 5|gnals energy | |
_j", — telescopes purpose &de5|gn astronomlcal measurements"{;ﬁ_
& structure and motion-of gaIaX|es ol | B g '

Phy5|cs | o e i
- — Keplerslaws motlons of galaxres dark matter




RICh m Suence Standards
NGSS HS Space Systems

Horn Telescope | Science & Engineering | Disciplinary Core Crosscutting =
Activity Practices Ideas Concepts °

Developing and using  ESS1.B—Kepler’s  Scale, Proportion,
models laws, orbits, etc. and Quantity

Using mathematical PS4.B—-EM Interdependence of
and computational Radiation Science, Engineering,

thinking and Technology

Measuring H1
spectrum;
determining
rotation curve

Constructing Scientific Knowledge

Explanations and Assumes an Order

Designing Solutions and Consistency in
Natural Systems

Science Models, Laws,
Mechanisms, and
Theories Explain
Natural Phenomena




“Horn teIescopes offer s» i g, -
'~'R'Ch STEM e><I3€rlence for studentsy '_".'.' X

SUIVIIVIARY

aw'»} ;.

. Hands on scnence Iearn by domg . L
A.".Abl|lty for students to develop and/or test models of
 nature f”?ﬁ'f ; i »-_’ : Ll | , .:'" 1 :t .
o '.Ablllty for students to experlence a part of the world
of dlgltal 5|gnals | e
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