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Sky Calculus
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Our hometown
Bishop, California




Microbes at the Edge of Space
Halobacteria NRC-1







Trips into the Stratosphere?
o

How Much Carbon Dioxide Does
Sunlight Release from Lakes?

[ Project Update  © 7 April 2015
Fire in the Hole: Recreating
Volcanic Eruptions with Cannon
Blasts




Who
needs a
tripod?

Oct. 23, 2014, Partial Solar Eclipse
photographed from the Stratosphere

A

108,896 ft 81,146 ft 71,188 ft

AR

62101 ft 42,720 ft 38,434 ft

f iy Astrophotography
| \ W | from a rapidly
spinning, rocking

platform hurtling
16,674 ft 15,120 ft 9,393 ft
upward at 15 mph




Hero3+
camera

SPACE WEATHER BUQOY

altimeter

e K-mart lunchbox

* Berkeley Nucleonics Radiation Sensor (10 keV
— 20 MeV, X-rays and gamma rays)

e Two SPOT Trackers (for recovery)

e Two Hero3+ cameras

* Cryogenic Temperature Probe

 Garmin GPS altimeter radiation S\

- sensor

.~ cryogenic
~ temperature —__
*Hardware cost = $2300 B probe: i

* Lots of hand warmers

* Launch cost = S400



lonizing Radiation (uR/hr) -- March 16, 2014
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WHERE DOES THIS RADIATION COME FROM?

black holes

solar flares

COSMIC RAYS




pion-nucleus
interaction

Development of cosmic-ray air showets

| F:arti'ﬂ'e_ Easi:_a[le'

Hadrons
Primary particle 2 Proton
(e.g. iron nucleus) Neutre
OOQ@® Pions
@ Kaon
leptons
first interaction - Electr
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Photons
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Radiation Profile -- Dec. 24, 2014
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Cryogenic Temperature Data -- Mar 16, 2014
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Cryogenic Temperature Data -- Mar 16, 2014
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Altitude (meters)

Altitude Profile -- Sept. 27, 2013

700 mph
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Radiation vs. Altitude, Mayv 10, 2014
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RADIATION BUOY FLIGHTS

2013-2015
Oct. 27,2013 ° June 19,2014
Dec. 14,2013 * Aug. 8, 2014
Dec. 21,2013 * Aug. 22,2014
Jan. 1, 2014 * Sep. 12,2014
Jan. §, 2014 * Sep. 28,2014
Mar. 16, 2014 « QOct. 8, 2014
Apr. 20,2014 . ot 23,2014
May 4, 2014 . Nov. 23,2014
May 10, 2014 pec. 8, 2014
June 7, 2014

* Dec. 24, 2014

Jan 10, 2015
Jan 14, 2015
Jan 28, 2015
Feb 1, 2015
Feb. 19, 2015
Mar 13, 2015
Mar 17, 2015
Mar 21, 2015
Mar 24, 2015
April 1, 2015
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In the stratosphere on Sept. 12, 2014

geomagnetic storm in progress....



We expected to see
an increase in
radiation......



dose rate (microrads/hr)
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Oulu Neutron Monitor +4..25%,
4 2014-85-81 B80:88 - 2814-18-15 88:88 UT, Resolution: 128 mins, Huerag.:uunt rate: 6177.27
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Radiation Profile -- Dec. 24, 2014
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Oulu Neutron Monitor
E52914-12-19 00:00 - 2015-61-18 80:00 UT, Resolution: 38 mins, Average count rate: 6616,89
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Oulu Neutron Monitor
5 2814-12-19 80:88 - 2815-81-18 668:88 UT, Resolution: 380 mins. Average count rate: 6016,.89
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March 17, 2015 - -

A glancing blow from a CME sparks the stronge st .
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In the stratosphere on March 17, 20%5

Geomagnetic storm in progress......




lonizing Radiation Profile (uR/hr) -- March 24, 2015
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We expected to see a
Herease decrease in
radiation......



Radiation in the Stratosphere -- March-April 2015
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Oulu Neutron Monitor
2615-83-81 80:880 - 20815-04-89 868:88 UT, Resolution: 38 mins, Average count rate: 6611.9
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Where is the Pfotzer Maximum?

Average height = 66,892 ft +/- 1400 ft
Average width = 25,633 ft +/- 2600 ft




What’s Next?

1. Cross calibrate our sensors with more sophisticated
instruments and particle beams

2. Summer in Brazil! in June we will conduct a simultaneous
balloon launch from California and Brazil—right into the South
Atlantic Anomaly.

3. Add Neutron Detectors to our payload
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RADS ON

210 uR/hr

S

5 uR/hr



PILOTS ARE “OCCUPATIONAL RADIATION WORKERS™

(passengers are exposed too — 100,000 miles = 20 chest X-rays)
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High-altitude radiation
measurements are also
important for space
tourism /



WHERE DOES THIS RADIATION COME FROM?

black holes

solar flares

COSMIC RAYS




Flying from Reno to Phoenix, Nov. 11, 2014

1

-

290 uR/hr \\@

10 uR/hr

RADS ON A PLANE: On Nov. 11th, we flew from California to
Washington DC. We took a radiation sensor onboard the
plane—the same one we fly on our balloons. During the apex
of the flight to DC, cruising 39,000 feet above the desert
between Reno and Phoenix, we recorded a dose rate almost 30

~ times higher than on the ground below:

Radiation Dose Rate
US Airways 562, Reno->PHX, Nov. 11, 2014

350

300

0 10 20 30 40 50 G0 70 &0
minutes after take-off

9



What a difference 11,000 feet makes

November 2014 NSF trip

350
300 DC to Chicago |
39,000 ft Reno to Phoenix
250
E 200
o
= 0 280001t

100
50
0 s
0 20 40 60 380 100

minutes after take-off

The radiation inside these planes comes from space--that is, cosmic rays that penetrate Earth's atmosphere
and reach down to aviation altitudes. In the plot we can see what a difference altitude makes: Cruising at
39,000 feet, the Reno to Phoenix flight was closer to space and thus experienced double the radiation of
the DC to Chicago flight cruising at 28,000 feet. Altitudes in this plot are as reported by the pilots.
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What a difference 1,100 feet makes

December 2014 AGU trip
R Reno to San Francisco and Back Again
140 Dec. 17 and 18, 2014 (Sensor #1)
120 Qg,gm}ﬂ
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40
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Reno to San Francisco and Back Again

R Dec. 17 and 18, 2014 (Sensor #2)

120 <5,9{}th
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20
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uR/hr

Reno to Phoenix again -- Jan. 5, 2015

Radiation Dose Rate
250 US Airways 5582, Jan. 5, 2015

38,700 ft
200

150

At the same
altitude, dose rates
were 40% lower
than in Nov. 2014

50

1 11 21 31 41 51 61 71 81 W H Y ?
[ ]

Minutes after takeoff



In the stratosphere on Sept. 12, 2014

geomagnetic storm in progress....



Sunset in the Stratosphere




HOW DO WE PAY FOR ALL THIS?
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Test your Cubesat at the Edge of Space




o Sky Calculus LLC

Amelia Koske-Phillips, Michael White, Sam Johnson, Justin Gilpin,
Carson Reid, Olivia Grah, Rachel Molina, Ginger Perez, Aaron Lamb







PHOTOGRAPHING METEOR SHOWERS (LYRIDS AND ORIONIDS)

Saturn gamma Leo (m=2)
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Balloon payloads floating in
the calm stratosphere make
an excellent platform for
astrophotography
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NASA LOW LIGHT CAMERA
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MONITORING THE CALIFORNIA DROUGHT
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EXTRA SLIDES
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MICROBES AT THE EDGE OF SPACE

Halobacteria exposed
to a solar radiation
storm — May 22, 2013




PETUNIAS
IN
SPACE




ON THE WAY UP WE PASS
THROUGH AVIATION ALTITUDES




lonizing Radiation (uR/hr) -- Jan. 8, 2014
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lonizing Radiation (uR/hr) -- March 16, 2014
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Solar Flare and Radiation Storm

OZONE MEASUREMENTS
o | | |
May 22, 2013: ’Suborbital Flight to the Stratospheré
Ozone vs. Altitude i | gl
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Space

NAIRAS

Environment

Technologies Nowcast of Atmospheric lonizing Radiation System

Northern Hemisphere Dose Global Dose Selected Flight Path Dose Geomagnetic Cutoff Rigidity

Global view at selected altitudes and viewing perspective

Effective Dose Rate(E) at 15km for 2014-04-06 17:00-18:00 GMT

Effective Dose Rale‘(E) for 2014-04-06 17:00-18:00 GMT

S5km (16,000 feet) Radiative Dose Rate (uSv/hr)
lat 90S-60S 60S-40S 40S-20S 20S-0 0-20N 20N-40N 40N-60N 60-S0ON
avg 2.95 2.29 1.40 0.70 0.64 1.1 2.26 2.80
max 3.23 3.10 2.39 g B v 1.52 241 2.89 3.00

11km (35,000 feet) Radiative Dose Rate (uSv/hr) == Static View

lat 90S-60S 60S-40S 40S-20S 20S-0 0-20N 20N-40N 40N-60N 60-SON i
avg 10.53 8.15 4.09 1.59 1.41 2.99 7.85 10.49 Y
max 10.99 10.61 9.09 3.43 4.43 9.00 10.65 10.91 5km

15km (49,000 feet) Radiative Dose Rate (uSv/hr)
lat 90S-60S 60S-40S 40S-20S 20S-0 0-20N 20N-30N 40N-60N 60-90ON 11km
15km

avg 14.71 11.27 5.12 1.81 1.60 3.60 10.56 14.88
max 15.37 14.91 13.03 414 5.50 12.54 15.03 15.40

Representative High-Latitude Flights

2014-04-06 17:00-18:00 GMT

Flight Name Time Rate' Dose' Safety Signal Dynamic View

hours uSv/hr mSv Aircrew2 F’ublic3 Prenatzal"lz

London,GBR - New York,USA 5.50 954 0.052
Chicago,USA - Stockholm, SWE 8.50 10.09 0.086
Chicago,USA - Munich,DEU 8.50 967 0.082
Chicago,USA - Beijing,CHN 1350 9.75 0.132

5km
11km

CcwihpUononmoooooo

> 15km
Signal Aircrew? Public® Prenatal® 1.
Max_Annual(800hrs) one_trip one_trip 0.
0-6.0mSv 0-0.330mSv 0-0.167mSv 0.
6.0-12.0mSv 0.330-0.670mSv 0.167-0.333mSv 0.
= >12.0mSv >0.670mSv >0.333mSv 0.
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