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In earlier reports (1,2) we described our development of polyvinylidene fluoride (PVDF) dust detectors 
having the capability for: 

a) particle mass and velocity determination using thin PVDF sensors spaced a given distance apart - 
i.e., by time-of-flight, and; 

b) impact position determination - i.e., x,y coordinates of impact, as illustrated in FIG. 1 

By combining these developments, we have designed space instrumentation capable of determining the 
mass, velocity and trajectory of an incident dust particle (2). In particular, for applications requiring high 
accuracy in trajectory determination (- lo trajectory error), we have described a dust-particle trajectory 
telescope using PVDF x,y detectors which will have this capability if the x,y detectors can determine the x,y 
impact coordinates to within f -2mm in x and y (2). 

During our earlier studies of the dust response charactcristics of a PVDF x,y detector carried out at the 
Heidelberg dust accelerator (3) the accuracy with which the x,y detector could determine the x,y coordinates 
of particle impact was not determined. To obtain this information, we developed a scheme for measuring 
the x,y determining capabilities of a PVDF x,y detector which does not require accelerated dust particles. 
This scheme makes use of a pulsed light source to simulate dust particle impacts. Using this optical 
scheme, we showed that PVDF x,y detectors should have the capability for particle impact position 
measurement with an error of -1-2mm in x and y (2). However, the validity of these results for high 
velocity dust particle impacts had yet to be established. 

To verify that the position errors determined by the optical scheme would also apply to impacting dust 
particles, a recent calibration of PVDF x,y detectors was camed out at the Munich dust accelerator facility 
using the arrangement shown in FIG. 2. FIG. 3 shows the signals from the D l  and D2 x,y detectors 
resulting from an accelerated glass particle of mass mo= 1 x 1Wg incident on Dl  with velocity vo = 2.74 
krnls. The particle penetrates Dl and emerges with a reduced velocity v, = 2.41 kmls and then impacts and 
penetrates through D2. Penetration of the particle through Dl and D2 was verified by microscope location 
of the penetration holes in Dl and D2. A comparison of the particle impact coordinates calculated from the 
detector signals with those measured geometrically (listed in FIG. 3) verifies the x,y errors determined by 
the optical scheme. Our Munich results show that PVDF x,y detectors can measure impact coordinates for 
high velocity dust particles with an error -1-2mm in x and y and thus, when used in a telescope, can 
provide highly accurate trajectory information (2). 
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FIG. Schematic diagram of a two-dimensional position- 
sensing PVDF dust detector (x,y detector). 
Evaporated aluminum strips on the front and back 
surfaces of the PVDF film are connected to external 
resistor networks as shown. Upon dust particle 
impact, current pulses are generated and passed to 
charge sensitive preamplifiers (CSA) located at 
P,Q,R. The CSA signals are passed to shaping 
amplifiers which yield output pulses having 
amplitudes P,Q,R. The x-coordinate of impact is 
determined from the ratio P/(Q+R) and the y- 
coordinate from the ratio Q/(Q+R). 
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FIG. 2: Schematic arrangement for x,y dclcctor telcscopc measurements during thc Munich runs. Dl and D2 were 

6pm thick PVDF x,y detectors having 58 aluminum strips on the front surface and 58 aluminum strips 
on the back surface. Strip width = l.Omm; width of region between strips = 0.32mm; sensitive area = 64 
cm2; total resistance of resistor chain (57 resistors) = 170 ohms for each surface. An accelerated glass 
particle having mass m, and velocity v, travels a distance Sol and impacts an ultra-thin (-700 A) film 
(VYNS) located close to Dl. The particle penetrates the VYNS film and impacts Dl at time to after the 
accelerator trigger pulse. The particle penetrates Dl and exits D l  with mass ml and velocity v1 and 
impacts D2, separated from D l  by a distance S12, at a later time tl. Particle mass m, is obtained by 
microscope examination of the impact hole in the VYNS film and v, and v1 are obtained from I,,, tl. Sol 
and Slz. 
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D l  : x , y  L-29 (6,~m) 
D2: X , Y  L -30  (6,~m) 
So,: 362.0 cm 
SI2: 14.365 c m  
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FIG. 3: P,Q,R signals from Dl and D2 resulting from an 
impacting glass particle having mass m, = 1 x 
g and incident velocity v, = 2.74 km/s. The particle 
suffers a velocity loss upon Dl  penetration (vl = 
2.41 km/s) but does not fragment (ml = m,). The 
particle then impacts and penetrates through D2. 
Tabulated are particle impact coordinates calculated 
from the x,y detector signals and impact coordinates 
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detcrmined geometrically, as follows: 7 Impact Coordinates 
Lmpact Coordinates Calculated from 

Located Gcomemcallv Detector Signals 

x(cm) Y (cm) x(cm) y(cm) 
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t t 
6.0~10~e 5.8 x 108e 

1 1 1 1 1 1 1 1 1  

VYNS Film 2.35 6.25 
Dl Dctector 2.35 6.25 2.44 6.15 
D2 Dctcctor 2.20 6.30 2.24 6.15 
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