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Data from Dynamo Rockets: 21.140 (July 4, 2013) and 21.141 (July 10, 2011)

In-situ Magnetometer Data and Current Calculations

GSFC Fluxgate Magnetometer
JPL/UCLA Magnetometer

Electric Field Observations

Plasma Density (and Electron Temperature) Observations

Langmuir Probe (Jeff Klenzing)
Impedance Probe (Doug Rowland)

Neutral Density, Temperature, Winds, lon Composition (Jim Clemmons, Aerospace)

Lithium wind observations (Miguel Larsen, Clemson; JAXA, Japan)

Atmosphere Data from Falling Sphere Experiment (Chad Fish, USU)




Electric Field, Magnetic Field, Plasma Density Experiments -- Dynamo Rockets

Langmuir Probe
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Dynamo Il Mission
Rockets 21.140 and 41.090

Launch: July 4, 2013



Launch Operations

Vehicle and Payload Performance

Rockets 21.140 and 41.090

Launches of July 4, 2013



Wallops Island, Virginia —— 21.140
4 July 2013, 14:31:25.0 U.T.

Black — Measured data, Red — Polynomial fit
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Wallops Island, Virginia —— 21.140 (Dynamo II)
4 July 2013, 14:31:25.0 U.T.
Altitude (k
itu eg(om)

50 60 70 100 110
__ 1000
2
nt
e 3 500
o Vi2A
O T T T T T T T
__ 1000
2
©0c
e 3 500
o V34A
04 T T T T T T T
1000
w’,,? NMACS Mag Z
5 900
e
800 T T T T T T T
__ 1000
12
n2
¥5 s00
< o
S ;1 NMACS Mag Y
T T T T T T T
__ 1000
~2
¥5 s00
< O
S ;1 NMACS Mag x
T T T T T T T T
__ 600
w2
Y5 500
< Q
A NMACS Yaw Rate
400 T T T T T T T
__ 600
n
<2
5 500
<0
< NMACS Pitch Rate
400 T T T T T T T
~ 1000 -
12
~2
<5 800
< o
© 600 NMACS Roll Rate
T T T T T T
A Despin SCM 8 [A16]
A Payload Separation SCM 9 [A17]
N Aft Skirt SCM 4 [A12]
N Nose Cone SCM 1 [A9]
n
2
;g Pfaff Boom 1 Potentiometer [AS54
5 Pfaff Boom 2 Potentiometer [AS55
= Pfaff Boom 3 Potentiometer [A56
S Pfaff Boom 4 Potentiometer [A57
&
8, 10007 : ; ; —— NMACS Roll Valves [A158]
20 : i I ! Iﬂ rrrrr NMACS Pointing Valves [A159]
= : .
>g 500 T T
8e : '
< O B T T T T T T T
50 60 70 80 90 100 110 120 130

Seconds Since Launch

21140_BoomMonitorEvents A16-A159_allitudes_50sec—130sec.ps

SCM Mon Jul 15 10:18:52 2013



Wallops Island, Virginia —— 21.140 (Dynamo II)

ACS Va|Ve “|eak” 4 July 2013, 14:31:25.0 U.T.
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Magnetic Field Observations

GSFC Fluxgate Magnetometer

Rocket 21.140

Launch: July 4, 2013



Rocket 21.140 -- Attitude, Non-orthogonality “optimized”

21.140 —— Magnitude of B

BLACK: Orthogonalized/Calibrated Magnetomer; GREEN: IGRF Model

Bx = 1.03617 B1 + 0.00889 B2 + 0.00041 B3 —33.18 nT (Bl= X mag)

By =-0.00659 B1 + 1.03153 B2 + 0.00245 B3 +62.28 nT (B2=-Y mag)

J/J

Bz =-0.00259 B1 + 0.00235 B2 + 1.03478 B3 — 1.17 nT (B3=-7Z mag) /L

p=:0.0008,-.0003,-.1365; 0.0347,—0.0737}° (attitude rotations: X,Y,Z; Up,West)
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Rocket 21.140 -- Magnetic Components — IGRF

21.140 —— North AB Magupy—IGRF Model Adjusted Attitude (8/7/13)
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Rocket 21.140 -- Measured Mag — IGRF (smoothed over spin)

21.140 ——= North AB: Magupmy—IGRF Model ,jiysteq attitude (8/7/13),

smoothed over spin

28; mean abs. difference = 12.9 nT
20 3
0 f .
_20% /\/_’
—40 Tl
—-60 4 i i i i
100 150 200 250
Seconds Since Launch
21.140 —— West AB: Magqpmy—IGRF Model ,yiysteq attitude (8/7/13), smoothed over spin
28; mean abs. difference = 6.3 nT
20 -
~20 Zpre—”
—40
—-60 4 i i i i
100 150 200 250
Seconds Since Launch
21.140 —— Up AB: Maggpy—IGRF Model Adjusted Attitude (8/7/13), smoothed over spin
38, mean abs. difference = 5.0 nT
187 ——— e~
_10- T
_20,
—-30 i i i i
100 150 200 250
Seconds Since Launch
21.140 —— Magnitude of B: Magggry — IGRF Model ,4justea attitude (8/7/13), smoothed over spin
38, mean abs. difference = 3.8 nT
10 -
0 R /]
———
_10,
_20— //
-30 == —— ‘ ‘ ‘
100 150 200 250

Seconds Since Launch

HF 8/08/13 11:12



Altitude (km)

80

Rocket 21.140 -- Magnitude of B — IGRF Model

21.140 (Dynamo 2) —— Magnitude of B — IGRF Model
1 \ Slope is clear indication
- of Westward Current
E upleg downleg
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Compare Equatorial Electrojet Current Measurements

Electrojet
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Rocket 21.140 -- Upleg Currents smoothed to remove coning
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Rocket 21.140 -- Downleg Currents smoothed to remove coning
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Electric Field Observations

Rocket 21.140

Launch: July 4, 2013



Rocket 21.140 -- E12 Data and Sine Fits

21.140 —— E12 and Sine Fits (BLUE)
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Rocket 21.140 E34 Data and Sine Fits
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Rocket 21.140 -- Amplitudes of E12, E34,V x B

21.140 —— Amplitude of E12 (BLUE) and E34 (BLACK)

DASHED line = magnitude of VxB
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MF34 (kHz) MF12 (kHz)

LP (em™)

Wallops Island, Virginia —— 21.140 (Dynamo II)

Mg, kom 4 July 2013, 14:31:25.0 U.T.
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Emer (mV m_l)

Rocket 21.140

21.140 (Dynamo 2), E in Magnetic Coordinates
Wallops Island, VA, 4 July 2013
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Rocket 21.140

DC Electric Fields (- V x B)
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Plasma Density Observations

GSFC Langmuir Probe (Klenzing)

GSFC Impedance Probe (Rowland)

Rocket 21.140

Launch: July 4, 2013



Altitude (km’

NASA 21.140 -- Wallop Island, VA
4 July2|7013, 1431 :I25 uT

140 1 L1111
—Upleg
——Downleg
VIPIR
—CTIPe
130 | ——IRI-2012 3 -
1
3
X 4
3
120 4 :E -
110 B
100 B
90 _
80 | i
70 _
60 AN T T T il "
10' 10° 10° 10° 10° 10

lon Density (crr'g)



Frequency (Hz)

7-10°

6-10°

5¢10°

o
—
)

»

w

A

o
=)

2:10°

1-10°

21140 Initial Z probe summary

100 150 200 250 300
Time since T-0 (seconds)
[Zplasma (uncal)/ZPlasma(70 km downleg),uncal)l



Composite Plots

Measurements (ideal): E, Ex B, J Ne, Un, Nn, Mi,

meas’

Derived Quantities: Mobility (collision frequencies)

Use measured E, J, Ne to find Un that satisfies

Dynamo Equation:

J=c°*(E+UxB)
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Launch Operations

Vehicle and Payload Performance

Rockets 21.141 and 41.091

Launches of July 10, 2011






Magnetic Field Observations

GSFC Fluxgate Magnetometer

Rocket 21.141

Launch: July 10, 2011



21.141: Magnitude of B (preliminary)
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North AB Magugy—IGRF Model

smoothed over spin
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Electric Field Observations

Rocket 21.141

Launch: July 10, 2011



Wallops Island, VA —— 21.141

10 July 2011, 14:00:00.0 U.T.
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21.141: E34 (BLACK) and E12 (RED)

F 3
- S
e
o
-9
20 1M1 0 i VIV \E 3
E 4/ /\»\\\/\/\\ \\H\\\‘\M\ / \\M/ "H‘\\’\\/ "0/\\:7%
> 0 " , ‘H/\ / / "’/0, /‘ ’\/’\H H\)‘H\ W (Hw\’ )\‘ ‘f ¢ | \": -
g —20 i’ V VoW V / J / \ J' v} v‘, \ / J‘ \J u) v’ \/ VW ) vf x/ / \/‘/ /’ } / /} I
—40 -
40 4 ) ) ) ) . 2
g 2073 “\ ﬁ\/ \ ‘ “‘\ ;\ rinl \}\\ “\‘/\\ \\ \\ \ (]\!\w\‘ i N
= Of‘[\c"w\e\“/“’\c‘ /‘f\'“\/\"“/\’ /»/ ‘f\\f\‘(\/\ g
g 7207; ) ‘v‘/ )‘ v/ v/ v) / } v’ ‘v} v’ ‘v“ / J v) / ‘V“ J’ ‘/ ) | / an !
—40 - =
40 2 T T | )
SN A ‘ I \ o

AT |
g 20N AR | \»\’\‘ \‘\H\ I »\‘“ | .
= 0\/‘//'\H/H\H\W(\/H\‘\H”\ | &
SRR Mt UAVAVAU ARV AV RO RV AV AR AN |
N CWWWWWWWW W W W J W W W o

I rT T rT [T I
0 10 20 30 40

seconds after start of interval

HF 8/15/11 15:53



Offset of E34
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Sinical Index of E34
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Signal (mV/m)

Amplitudes of E34 (BLACK) and E12 (RED) Signals
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21.141, E in Magnetic Coordinates
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Plasma Density Observations

GSFC Langmuir Probe (Klenzing)

GSFC Impedance Probe (Rowland)

Rocket 21.141

Launch: July 10, 2011
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Composite Plots

Measurements: E, E x B, J Ne, Un, Nn, M,

meas’

Derived Quantities: Mobility, Conductivity, Jpiveq

Rocket 21.141

Launch: July 10, 2011
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21.141, Downleg: Ion Density, Electric Field, Current Density, Neutral Wind
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21.140, Downleg: Ion Density, Electric Field, Current Density, Neutral Wind
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Current Densities -- Both Rockets
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Some Features of Measurements Presented Thus Far....

 Westward zonal currents of 1-2 A/lkm2 near 110 km, consistent with
ground-based measurements...

» DC electric fields poleward and eastward, of ~2 mV/m (~40 m/s)
» Plasma density follows expected daytime profile

 Westward neutral winds of ~ 100 m/s needed to make measured
quantities consistent with the dynamo equation

» Sporadic-E enhanced plasma density layer present. No obvious affect
on currents.



