3.3 August 9t 2012

We ran the next two experiments simultaneously on Aug. 9, 2012. For this set, we set
HAARP at 4.8 MHz. We chose the downshifted plasma channel for this set instead of the
upshifted that we used in the previous two experiments. From the ionogram in Figure 44, this
frequency is right near the maximum plasma frequency of the F1 region indicated by the foF1

number on the left hand side.
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Figure 44- Digisonde lonogram from Aug. 9, 2012 at 00:00:00. Maximum plasma frequency remained between 5 and 6 MHz

throughout 01:00:00. We used 4.8 MHz, below the maximum of 5.475 MHz indicated in the top left corner.

Figure 44 indicates the height for the F1 region peak is at 187.2 km and, from the signal

to noise ratio figures below, our pulses were reflected between 180 km and 220 km. This
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indicates that we may have been passing through the tip of the F1 region and interacting with the
F2 region. If there is a well-defined indent between the F2 and F1 regions as there is in the solar
minimum lines in Figure 1, that cavity can act as a resonant chamber for the Langmuir decay.

Throughout this experiment, we held the HF of HAARP at 12° and the UHF of MUIR at
15° then varied the pulse duration from 60 msto 1 s. A comparison of pulses for this experiment
can be seen in Figure 57 and Table 3. We first set pulse length to 60 ms and pulsed the
ionosphere with the HAARP array (Figure 45).
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Figure 45- MUIR scatter return 60 ms ON/11.940 s OFF, HF 12°, 4.8 MHz, UHF 15°

As expected, the short pulse length gives us relatively weak instabilities. A 0.1 MHz by

0.8 second window of one of the pulses in Figure 45 can be seen in Figure 46 below.

57



Power Spectral Density [dB]
File: 20120805.002/d0052170.dt0.h5 Beam Direction [deg]: ¢, = -155°, &, =75°

-4.75

-4.76

477

-4.78

-4.79

-4.8

-4.81

Frequency Offset [MHz]

-4.82

-4.83

-4.84

315 316 N7 318 318 32 32.1 322 323
Time (seconds from 00:01:04.071)

Figure 46-Select pulse from Figure 45- MUIR scatter return 60 ms ON/11.940 s OFF, HF 12°, 4.8 MHz, UHF 15°

At the 12° HF and 15° UHF angles, we can start to see the cascade going up towards the
zero line even on the shortest pulse. The PDI is right above the -4.8 MHz and the first LDI in the
cascade begins at -4.79 MHz. We also start to see the out-shifted plasma line beginning to form
towards the more negative side of the figure.

Keeping the 12° HF and 15° UHF, we switched to a slightly longer 120 ms pulse (Figure

47).
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Figure 47- MUIR scatter return 120 ms ON/11.880 s OFF, HF 12°, 4.8 MHz, UHF 15°

The backscatter in Figure 47 appears much brighter than it does in Figure 45 due to the

longer heating time. A select pulse from Figure 47 can be seen Figure 48.
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Figure 48-Select pulse from Figure 47- MUIR scatter return 120 ms ON/11.880 s OFF, HF 12°, 4.8 MHz, UHF 15°

With the doubled pulse length, the PDI becomes much more visible right above the -4.8
MHz pump frequency. We can also clearly see the first and second LDI in the cascade at -4.79
MHz and -4.78 MHz. A third LDI looks like it is beginning to form at -4.77 MHz at the very
end of the pulse. Directly on the other side of the -4.8 MHz from cascade, we start to see a
“bursty” set of backscatter lines headed toward the OPL. We think this might be due to the
proximity of our pump frequency with the Fy critical plasma frequency of 4.82 MHZ from Figure
44. It appears we are causing instabilities in the F1 layer as well as picking up some reflection
from the F2 layer. The signal to noise ratio in Figure 47 supports this as its altitude appears to be

around 120km, well above the 187.2 km peak in the ionosonde.
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Next, we kept the 12° HF and 15° UHF angles but switched the pulse length to 250 ms

(Figure 49).
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Figure 49- MUIR scatter return 250 ms ON/11.750 s OFF, HF 12°, 4.8 MHz, UHF 15°

From the signal to noise ratio in Figure 49, it looks like our pulse was in the F1 region and
slightly into the F> region. On the backscatter figure, we can clearly see the OPLs going toward
the more negative end, much more so than we saw in Figure 47. A select pulse from this set can

be seen in Figure 50.
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Table 3- Experimental parameters on Aug. 9, 2012 for Figure 45 through Figure 55

Start Time UT | Freq (kHz) | Pulse (ms) | HF (degree) | UHF (degree) | Corresponding figure
0000 4800 60 12 15 Figure 45
0010 4800 120 12 15 Figure 47
0020 4800 250 12 15 Figure 49
0030 4800 500 12 15 Figure 51
0040 4800 1000 12 15 Figure 55

Figure 57- Comparison of select pulses from Figure 45 through Figure 55

From Figure 57, it appears anything longer than 500 ms will produce a sort of overshoot
effect and fade out even when the pulse is still heating. This is similar to the start of a
continuous heating experiment where the start of the HF heating produces the parametric
instabilities which fade away as the heated region develops. The 1000 ms pulse’s similarity to
the 500 ms pulse leads us to infer that, unless specifically looking for overshoot, anything longer
than 500 ms isn’t needed while looking for PDI, LDI, or OPL. The 500 ms pulse shows quite a
few cascade lines and the bursting effect in the PDI lines. In the 250 ms pulse, we don’t see the
OPL fading out like we do in the 500 ms pulse but we still see the bursting OPL, the LDI, and

the PDI. With the 120 ms and 60 ms pulses, we see the slight bursting affect start near the OPL
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