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Abstract 

During a period of 60 days around the time when the HEOS 2 satellite 
penetrated the orbital plane of Comet Kohoutek (1973f) the micro-
meteoroid experiment on board registered an excessive particle flux. 
These particles are identified with those originated in Comet 
Kohoutek. Orbit calculations show that their emission occurred 
outside J.8 AU from the sun. The ratio of the force of radiation 
pressure to that of gravity of these particles was determined to 
B =1 - 0.1, their mass has been measured from the satellite data 
(10-1^ g to 10-il g). The velocity and the rate of dust particles 
emitted from the comet is studied on the basis of the theory of dust 
comets formulated by Finson and Probstein. An emission rate of appr. 
1.2 x lol° particles per second in the size range corresponding to 
0.94B<1.1 and an emission velocity of appr. 0.5 km/sec match best 
the observed data. 

From optical observations of the shape and occurrence of the anti-

tail of Comet Kohoutek (1973f) Sekanina (1974) concluded that 

appreciable dust production took place as far as 4 AU from the sun. 

These grains found in the anti-tail are in the order of 0.1 to 1 mm 

in size. The presence of particles with diameters in the order of 

1 y«m has been shown in the coma and tail of Comet Kohoutek by infra­

red observations (Ney, 1974 and Noguchi et al., 1974). This paper 

discusses some consequences of in situ measurements of dust particles 

from Comet Kohoutek reported by Hoffmann et al. (1975b) which give 

evidence for emission of micron sized particles at heliocentric 

distances of approx. 4 AU from the sun. 

During a period of 60 days around the time when the HEOS 2 satellite 

penetrated the orbital plane of Comet Kohoutek in June 1974, an 

excessive flux of particles in the velocity range of 15 to 20 km/sec 
-1~*> -11 

and mass range of 10 y to 10 g was registered. The average rate 

of these particles measured during preceding years was 1 to 2 

particles in the same time interval compared with 7 particles in 1974. 

The chance for such an accidental clustering is less than 0.01; 
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particles detected by HEOS 2. In the following it is assumed that the 

particles have not changed in size during their flight path. 

A theory developed by Finson and Probstein (1968a and b) was applied 

in order to compare the number of particles observed with the dust 

emission rate, the initial speed distribution and the size 

distribution of dust particles released from the comet. Finson and 

Probstein assume that dust particles are continuously expelled from 

a cometary nucleus by evaporating gases, and that the subsequent 

motion of the particles is controlled only by solar gravity and solar 

radiation pressure. Instead of the diameter d of dust-particles it is 

convenient to use their radiation pressure ratio as a measure of their 

size: 

B ~ 1/d 

The number of particles emitted in the time t to t + dt with sizes 

in the range B to B + dB is given by 

Nd (t) dt h(B) dB 

where N, (t) is the dust emission rate in particles per second and 

h (B) is the corresponding size distribution function. After emission 

this group of particles forms a spherical shell which expands with 

the speed v. which is a function of the particles' size and time 

vi = vi (B' * ) ' 

If one denotes the time from emission t to the time of observation 
e 

t with X: o 
T = t - t 

o e 

the shell has a radius of v.1!. The number of particles seen by the 

satellite experiment while penetrating this shell is given 

N, h(B) dB dV dA 
-S g p (6) 
4 Tr(vir ) dAj, 

where dA is the differential surface area of the shell, dA^ is the 

projection of dA on a plane perpendicular to the flight direction of 

the satellite and p (5) is the sensitivity of the micrometeoroid 

detector for particles coming from an apparent direction with respect 

to the sensor axis, indicated by the angle 6 (Hoffmann et al., 1975a). 

Integrating numerically over all such spheres of different V and B 

values the impact rate on the micrometeoroid detector is found. Since 

only a small range of sizes 0.9 4 B4 1.1 can reach the detector, the 

size distribution is taken to be constant 

h(B) = const, for 0.9^B<1.1 
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Fig. 1 shows the calculated impact rate as a function of observation 

time t for a set of different initial conditions. The dust emission 
#o 

rate 1ST, is kept constant over the time of consideration, whereas the 

emission speed v. is varied from 100 m/sec to 700 m/sec. At 100 m/sec 

the expected impact rate should peak during a narrow time interval 

around the earth's passage through the line of nodes. At higher 

emission speed the enhancement of the impact rate becomes broader 

and more flat during the time of observation. For comparison the 

actual observation dates of the particles are indicated at the bottom 

of the figure. An emission speed of 500 - 200 m/sec best fits the 

observed data. 

In Fig. 2 the effect of dust emission rate and initial velocity 

varying in time is examined. The variation of both functions with 

the heliocentric distance r, which is equivalent to a time variation, 

does not change the rate profile very much. This is due to the fact 

that more than 50 % of the observable particles are released within 

a narrow distance interval of 3.8 AU < r < 4.4 AU. 

CALCULATED IMPACT RATE OF KOHOUTEK PARTICLES 
ON H E O S - 2 

Dust emission parameters: 

, N<j = constant, Vj ' . 5 km/sec 
N d ~ r - « , Vi ~ 

(parametersadjusted at r = 4 A U ) -

W//////M PARTICLES V7/. 

1(0 160 ISO 200 
DAY OF OBSERVATION t0 (DAY IN 1974) 

W0 160 180 200 

DAY OF OBSERVATION l 0 (DAY IN 1974) 

Fig. 1: Calculated impact rate for 
constant emission rate N, 
and constant emission 
speed v. compared with 
measured particles. 

Fig. 2: Effect of varying dust 
emission rate N, and 

sion speed varying emissa 
v. on the impact rate. 

The absolute dust emission rate N, is obtained by integrating the 

calculated impact rate over the observation time t and comparing it 
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with the number of particles observed. A dust emission rate of 
1 ft 

L = 1.2 x 10 particles per second is found to account for the 
-1"5 -11 

particles detected by HEOS 2. Taking a mass of 10 to 10 g per 

particle, a dust emission of 0.1 to 10 tons per second is estimated. 

This mass was released by the comet in the form of particles in the size 

range corresponding to 0.9 4B <1.1. 

Due to the large uncertainty of the mass determination no information 

can be gained on the particles' material composition or density by a 

comparison of the observed values for fi and mass (Sekanina, 1975k)-

However, ice, as a material of the registered particles, must be 

excluded because of the long flight time between emission from the 

comet and detection by the satellite. 
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