
Solar Flare Monitor

• A simple SID radio receiver

• Brian Fraser





Transmission of VLF through the 
Ionosphere

• Radio waves reflected by the Ionosphere –
acts like a mirror (because ions present in 
the Ionosphere)



The Sun, Ionosphere, 
and Radio waves



Ionosphere – Regions

• Different Regions of the 
Ionosphere 

– D (70 - 90 kms, ionized 
by X-rays 0.1-1 nm) 

– E (100 - 120 kms, 
ionized by EUV  80-103 
nm and X-rays 1-20 nm )

– F (forms F1 and F2
layers during the day) 
(ionized by EUV 20-80 
nm)

http://www.sel.noaa.gov/info/Iono.pdf
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Transmission of VLF through the 
Ionosphere – regular day

• When VLF transmitted, D layer is unable to reflect the 
wave as the ion density is not enough

• So penetrates the D-layer, and reflects off the E and 
F layers

• Loses energy while penetrating the D-layer
SID Data for 01/03/2004 at WSO
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Graph: A typical SID data plot



Transmission of VLF through the 
Ionosphere – regular night

• At night, the D-layer disappears and only the F layer 
and sporadic E-layers are present

• The signal strength increases as the wave no longer 
has to go through the D-layer

SID Data for 01/03/2004 at WSO
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Graph: A typical SID data plot



Transmission of VLF through the 
Ionosphere – during a SID

• During a SID, a highly ionized D-layer forms in the 
Ionosphere

• The ionization is now enough to reflect the VLF 

• Moreover, the wave does not have to lose its energy 
going through an extra ionized layer

VLF Intensity vs. Local Time (July 16th 2004 at WSO)

Local Time

R
e
la

ti
v
e
 I

n
te

n
s
it

y













-4

-3

-2

-1

0

1

2

3

4
#
 S

it
e
 =

 H
O

K

2
/1

9
/2

0
0
7
 0

:3
3

2
/1

9
/2

0
0
7
 1

:0
8

2
/1

9
/2

0
0
7
 1

:4
3

2
/1

9
/2

0
0
7
 2

:1
8

2
/1

9
/2

0
0
7
 2

:5
3

2
/1

9
/2

0
0
7
 3

:2
8

2
/1

9
/2

0
0
7
 4

:0
3

2
/1

9
/2

0
0
7
 4

:3
8

2
/1

9
/2

0
0
7
 5

:1
3

2
/1

9
/2

0
0
7
 5

:4
8

2
/1

9
/2

0
0
7
 6

:2
3

2
/1

9
/2

0
0
7
 6

:5
8

2
/1

9
/2

0
0
7
 7

:3
2

2
/1

9
/2

0
0
7
 8

:0
7

2
/1

9
/2

0
0
7
 8

:4
2

2
/1

9
/2

0
0
7
 9

:1
7

2
/1

9
/2

0
0
7
 9

:5
2

2
/1

9
/2

0
0
7
 1

0
:2

7

2
/1

9
/2

0
0
7
 1

1
:0

2

2
/1

9
/2

0
0
7
 1

1
:3

7

2
/1

9
/2

0
0
7
 1

2
:1

2

2
/1

9
/2

0
0
7
 1

2
:4

7

2
/1

9
/2

0
0
7
 1

3
:2

2

2
/1

9
/2

0
0
7
 1

3
:5

7

2
/1

9
/2

0
0
7
 1

4
:3

1

2
/1

9
/2

0
0
7
 1

5
:0

6

2
/1

9
/2

0
0
7
 1

5
:4

1

2
/1

9
/2

0
0
7
 1

6
:1

6

2
/1

9
/2

0
0
7
 1

6
:5

1

2
/1

9
/2

0
0
7
 1

7
:2

6

2
/1

9
/2

0
0
7
 1

8
:0

1

2
/1

9
/2

0
0
7
 1

8
:3

6

2
/1

9
/2

0
0
7
 1

9
:1

1

2
/1

9
/2

0
0
7
 1

9
:4

6

2
/1

9
/2

0
0
7
 2

0
:2

1

2
/1

9
/2

0
0
7
 2

0
:5

6

2
/1

9
/2

0
0
7
 2

1
:3

0

2
/1

9
/2

0
0
7
 2

2
:0

5

2
/1

9
/2

0
0
7
 2

2
:4

0

2
/1

9
/2

0
0
7
 2

3
:1

5

2
/1

9
/2

0
0
7
 2

3
:5

0



-5
-4.5

-4
-3.5

-3
-2.5

-2
-1.5

-1
-0.5

0

#
 S

it
e
 =

 H
O

K

2
/5

/2
0

0
7
 0

:3
2

2
/5

/2
0

0
7
 1

:0
6

2
/5

/2
0

0
7
 1

:3
9

2
/5

/2
0

0
7
 2

:1
3

2
/5

/2
0

0
7
 2

:4
6

2
/5

/2
0

0
7
 3

:2
0

2
/5

/2
0

0
7
 3

:5
3

2
/5

/2
0

0
7
 4

:2
7

2
/5

/2
0

0
7
 5

:0
0

2
/5

/2
0

0
7
 5

:3
4

2
/5

/2
0

0
7
 6

:0
7

2
/5

/2
0

0
7
 6

:4
1

2
/5

/2
0

0
7
 7

:1
4

2
/5

/2
0

0
7
 7

:4
8

2
/5

/2
0

0
7
 8

:2
1

2
/5

/2
0

0
7
 8

:5
5

2
/5

/2
0

0
7
 9

:2
8

2
/5

/2
0
0

7
 1

0
:0

2

2
/5

/2
0
0

7
 1

0
:3

5

2
/5

/2
0
0

7
 1

1
:0

9

2
/5

/2
0
0

7
 1

1
:4

2

2
/5

/2
0
0

7
 1

2
:1

6

2
/5

/2
0
0

7
 1

2
:4

9

2
/5

/2
0
0

7
 1

3
:2

3

2
/5

/2
0
0

7
 1

3
:5

6

2
/5

/2
0
0

7
 1

4
:3

0

2
/5

/2
0
0

7
 1

5
:0

3

2
/5

/2
0
0

7
 1

5
:3

7

-5
-4.5

-4
-3.5

-3
-2.5

-2
-1.5

-1
-0.5

0

#
 S

ite
 =

 H
O

K

2
/6

/2
0
0
7
 0

:2
9

2
/6

/2
0
0
7
 1

:0
0

2
/6

/2
0
0
7
 1

:3
1

2
/6

/2
0
0
7
 2

:0
2

2
/6

/2
0
0
7
 2

:3
2

2
/6

/2
0
0
7
 3

:0
3

2
/6

/2
0
0
7
 3

:3
4

2
/6

/2
0
0
7
 4

:0
5

2
/6

/2
0
0
7
 4

:3
5

2
/6

/2
0
0
7
 5

:0
6

2
/6

/2
0
0
7
 5

:3
7

2
/6

/2
0
0
7
 6

:0
8

2
/6

/2
0
0
7
 6

:3
8

2
/6

/2
0
0
7
 7

:0
9

2
/6

/2
0
0
7
 7

:4
0

2
/6

/2
0
0
7
 8

:1
1

2
/6

/2
0
0
7
 8

:4
1

2
/6

/2
0
0
7
 9

:1
2

2
/6

/2
0
0
7
 9

:4
3

2
/6

/2
0
0
7
 1

0
:1

4

2
/6

/2
0
0
7
 1

0
:4

4

2
/6

/2
0
0
7
 1

1
:1

5

2
/6

/2
0
0
7
 1

1
:4

6

2
/6

/2
0
0
7
 1

2
:1

7

2
/6

/2
0
0
7
 1

2
:4

7

2
/6

/2
0
0
7
 1

3
:1

8

2
/6

/2
0
0
7
 1

3
:4

9

2
/6

/2
0
0
7
 1

4
:2

0

2
/6

/2
0
0
7
 1

4
:5

0

2
/6

/2
0
0
7
 1

5
:2

1

2
/6

/2
0
0
7
 1

5
:5

2









0

0.5

1

1.5

2

2.5

3

 0
7
:0

0
:0

3

 0
7
:3

5
:3

1

 0
8
:1

0
:5

9

 0
8
:4

6
:2

7

 0
9
:2

1
:5

6

 0
9
:5

7
:2

4

 1
0
:3

2
:5

2

 1
1
:0

8
:2

0

 1
1
:4

3
:4

8

 1
2
:1

9
:1

6

 1
2
:5

4
:4

4

 1
3
:3

0
:1

2

 1
4
:0

5
:4

0

 1
4
:4

1
:0

8

 1
5
:1

6
:3

6

 1
5
:5

2
:0

4

 1
6
:2

7
:3

2

 1
7
:0

3
:0

0

 1
7
:3

8
:2

8

 1
8
:1

3
:5

6

 1
8
:4

9
:2

4

 1
9
:2

4
:5

3

 2
0
:0

0
:2

1

 2
0
:3

5
:4

9

 2
1
:1

1
:1

7

 2
1
:4

6
:4

5

 2
2
:2

2
:1

3

 2
2
:5

7
:4

1

 2
3
:3

3
:0

9

 0
0
:0

8
:3

7

 0
0
:4

4
:0

5

 0
1
:1

9
:3

3

 0
1
:5

5
:0

1

 0
2
:3

0
:2

9

 0
3
:0

5
:5

7

 0
3
:4

1
:2

5

 0
4
:1

6
:5

3

 0
4
:5

2
:2

1

 0
5
:2

7
:5

0

 0
6
:0

3
:1

8

 0
6
:3

8
:4

6

Normal 24 Hr. Day (No flares)

Local Noon

Sunrise

SunsetNighttime

Nighttime
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Time in UT



Detecting Solar Flares – SID(s)
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Local Nighttime DaytimeSunrise Local Nighttime

SID Events!

However, not all SID events are explainable. Research is 
needed to help answer “What are these events?”


