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ABSTRACT

F-region drift velocities measured at Millstone Hill from 1968 to

1974 are presented in tabular form. A brief description of the measure-

ment procedures is also given.
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The Millstone Hill incoherent scatter radar is located in Westford,

Massachusetts.	 Relevant coordinate parameters are;

Geographic latitude 42.60N

Geographic longitude 71.50W

Geomagnetic latitude l 54.1 0 N

Geomagnetic longitude 1.90W
I

L value 3.2

Inclination or dip angle 72.00

Declination 15.00W

Invariant latitude 	 (A) 56.00N

Dip latitude 	 (8) 57.00N

I Calculated from geographic coordinates, assuming magnetic

axis tilted by 11. 50 at 70.00W.

2From map in Matsushita and Campbell (1967).

3 Calculated from coo 2 A = 1/L.

4 Calculated from tan 8 = 1/2 tan I.

At Millstone Hill, one fixed vertically pointing antenna with a

parabolic reflector of diameter 67.5 m is available for operation at

UHF (X = 68 cm), and one steerable antenna, 25.6 m in diameter

operates at L band (X = 23.2 cm). Further details on the equipment are

given by Evans (1967) and Evans et al., (1970a).
f

Basically four different geometries have been used at Millstone

Hill for the measurements of ionospheric plasma drift velocities and

these are briefly described below.
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Geometry I.	 This was the first procedure followed to measure

ionospheric drifts. It uses only the UHF vertical antenna and therefore

measures only vertical drifts (see Evans et al., 1970).

Geometry II. 	 This antenna positioning procedure was used by

Evans (1 0 72) and uses only the L bard steerable antenna at small

elevation angles to measure nearly horizontal drift velocity components.

Geometry III. This uses both L band and UHF antennas

combining geometries I and II (Carpenter and Kirchhoff, 1974). Vertical

Arift velocities as well as electron density, electron and ion temperatures,

are measured with the vertically pointing fixed antenna. The steerable

antenna is then used to measure the horizontal components of drift

velocity. In this way three-dimensional drift vectors can be deduced,

and diffusion velocities and meridional neutral winds can be calculated.

Because of these features this is the most versatile geometry for drift

velocity measurements. However, since the radar is monostatic, the

measurements in different directions do not apply to the same volume of

ionospheric plasma.

Geometry IV. In a proposal for upgrading the Millstone Hill

radar for the International Magnetosphere Studies (IMS), Evans (1974)

proposes to use the L band antenna alone, pointing sequentially east and

west of magnetic north at elevation and azimuth angles such that two

drift velocities perpendicular to the magnetic field can be measured at

the same L value. Different azimuth and elevation angles allow these

drifts to be measured at different L values.

The first measurement of drift velocities perpendicular to the

magnetic field lines at Millstone Hill was made by Evans (1972), during

the daytime, and his results for 9 days in 1968-69 will be included as



3

part of this data base. As mentioned earlier geometry II was used for

these measurements. The 1971-72 data consists of either northward or

westward drifts only. For the period 1973-74 either geometry III or IV

was used, thus permitting the calculation of neutral winds.

The drift velocities in the F-region have been shown to be

approximately constant with height (Evans, 1972) so that measurements

between about 200 and 400 km are in general averaged and referred to

an average altitude of 300 km. Local standard time (GMT - 5 hrs.) is

used.

Since the conductivity along magnetic field lines is very large,

the ionospheric electric field is practically perpendicular to the magnetic

field lines and therefore the components of the drifts are separated into

westward (horizontal) and northward (at 18 0 elevation). The uncertainties

in the measurements have been studied by Evans et al., (1970), and

Kirchhoff (1975).
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SUMMARY

LIST OF MILLSTONE HILL MEASUREMENTS

Drift velocities measured at Millstone Hill are shown in the

following tables. Directions are magnetic northward at 180 elevation

angle and magnetic westward. Results are in m/sec versus local

standard time (i.e. GMT - 5 hrs.). The data for 1968/69 is from

Evans (1972), interpolated for hourly values. The other data was taken

by L. Carpenter and V. Kirchhoff with the assistance of the Millstone

Hill staff.
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â
i

^O



N

N
a

.o

a

O^
M

a

^d
H

dl
N

h
In

38

v .o o, In .o w NO .a .o

to MrlN.+l[1t^Oti001
^+ MN .••1 rl ^1

^ M	 1 1 1	 1 1 1 1 1

u
v
to

v
m

O O^ M O: Op 0
.	 •

A ..0.1	 MO Mr-	 In .-a dl
d	 v M.-/ Cn M N ^+
' O	 1 1 1	 1 1 1 1
M

a

H ^ dl M .O .o t` ^ ^ 00 t•
.^ .. .+ Il1 M ^ to N .1 O In

00 NN.Ot-wm
u r
O 

0 0 0 0 O 0 0 0 N
a

, MNNON—mot-N
dl In O In C^ t• C^ Oz M .O

u 
M	

1 1 1 1 1 1 1 1 1 1

tU
m

m L
w tJ
ty O " ^a O` 

I"!
 C^ M 

0!
 O0 C7l O Ill

'a

	 p	 1 1 1 1 1 1 1 1	 1 1

co

a Ma

a^

H	 .00 t`w0owwo-t-.o
.-1 .0 In M. In M . M M

F+	 O6^N NM
D.fr'	 NNNN NN

a



39

REFERENCES

Carpenter, L. A. and V. W. J. H. Kirchhoff, Daytime three-dimensional
drifts at Millstone Hill Observatory, Radio Science, 9, 217-222,
1974.

Evans, J. V., Electron temperatures and is composition in the F1-
region, J. Geophys. Res., 72, 3343-3355, 1967.

Evans, J. V., Measurements of horizontal drifts in the E and F-regions
at Millstone Hill, J. Geophys. Res., 77, 2341- 2352, 1972.

Evans, J. V., Upgrading the Millstone Hill radar for International
Magnetosphere Studies, a proposal to The National Science
Foundation, 1974.

Evans, J. V., R. A. Brockelman, R. F. Julian, W. A. Reid and L. A.
Carpenter, Determination of F-region vertical drifts at Millstone
Hill, Radio Science, 5, 27-38, 1970.

Evans, J. V., R. F. Julian and W. A. Reid, Incoherent scatter measure-
ments of F-region density, temperatures and vertical velocity
at Millstone Hill, Lincoln Laboratory Technical Report 477,
1970a.

Kirchhoff, V. W. J. H., Electric fields in the ionosphere, PSU-IRL-SCI-
438, Ph.D. thesis, The Pennsylvania State University, University
Park, Pennsylvania, 16802, 1975.

Matsushita, S. and W. H. Campbell, in Physics of Geomagnetic Phenomena,
Academic Press, Volume II, 1967.


	GeneralDisclaimer.pdf
	0053A02.pdf
	0053A03.pdf
	0053A04.pdf
	0053A05.pdf
	0053A06.pdf
	0053A07.pdf
	0053A08.pdf
	0053A09.pdf
	0053A10.pdf
	0053A11.pdf
	0053A12.pdf
	0053A13.pdf
	0053A14.pdf
	0053B01.pdf
	0053B02.pdf
	0053B03.pdf
	0053B04.pdf
	0053B05.pdf
	0053B06.pdf
	0053B07.pdf
	0053B08.pdf
	0053B09.pdf
	0053B10.pdf
	0053B11.pdf
	0053B12.pdf
	0053B13.pdf
	0053B14.pdf
	0053C01.pdf
	0053C02.pdf
	0053C03.pdf
	0053C04.pdf
	0053C05.pdf
	0053C06.pdf
	0053C07.pdf
	0053C08.pdf
	0053C09.pdf
	0053C10.pdf
	0053C11.pdf
	0053C12.pdf
	0053C13.pdf
	0053C14.pdf
	0053D01.pdf
	0053D02.pdf
	0053D03.pdf
	0053D04.pdf
	0053D05.pdf
	0053D06.pdf

