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This instrument w i l l  measure the r e s i s t i v i t y  p a d  the  r e l a t i v e  d ie lec-  
tr ic mnstan t  Er of the Martian top soil along the path of a rover. This aim 
is achieved by measuring the  real and imaginary parts of the canplex permit- 
t i v i t y € =  gr-j5, here = ( U G f ) - l ;  E ,  is the permi t t iv i ty  of vacuum and 
lii is a var iable  angular working frequency. The experimental technique con- 
sists in evaluating the mutual, or t r ans fe r ,  impedance of a quadrupolar 
probe, i.e. in  quantifying the  influence of the  Martian ground upon the  elec- 
trical mupling of two Hertz dipoles.  The horizontal  and ve r t i ca l  spatial re- 
solutions are of the order of the length and separation of the dipoles,  typi- 
c a l l y  1-2 metres. The four-electrode method for measuring the ground resisti- 
v i t y  on E a r t h  has been f i r s t  applied by Wenner ( 1  ) and Schlumberger ( 2 ) ,  but  
the proposed investigation bears more resemblance wi th  a s imi la r  instrument 
which has been developed fo r  ground surveying a t  shallow depths, i n  connec- 
t i o n  with archaelogical and pedological research (3).  A quadrupollar probe 
w i l l  provide e s sen t i a l  information about the electric properties of the  Marc 
t i a n  ground and w i l l  omtr ibute  useful ly  to the ident i f ica t ion  of the soil 
s t r u c t u r e  and m p o s i t i o n  i n  association with other experimental equipnents 
(camera, infra-red de tec tor ,  gamma and X-ray spectrameters, chemical analy- 
zers,  ground tanperature probes). Cunplex permi t t iv i ty  measurements w i l l  re- 
veal  small scale a n m a l i e s  caused by d iscont inui t ies  i n  surface material dis-  
t r i b u t i m ,  underlying f rac tures  and cav i t i e s ,  burried boulders, etc..l lea- 
ding to the se lec t ion  of soil sampling and dr i l l ing locat ions and to the cha- 
rac te r iza t ion  of t he  site environnents. I f  a su f f i c i en t  da ta  base can be col- 
lected over the e n t i r e  lifetime of the rover,  it w i l l  be possible to draw 
maps of the electric properties of the  t e r r a i n  and compare them with  features  
derived from topological,  geological and thermal surveys. If the rover stands 
a t  the  same locat ion for a period of a t  least 1 Martian day ( 1  sol = 24 h 39 
mn) or returns  to the same site a f t e r  a period comensurate with a Martian 
year (669 sols), diurnal  and seasonal var ia t ions  i n  the  d i s t r ibu t ion  of vola- 
tiles may g ive  rise to measurable changes of the local complex permit t ivi ty .  
The detect ion of obstacles  ( l a rge  boulders) or ground leve l  gradients (small 
craters) ou t  of the f i e l d  of view of the camera may also support the autonomy 
and the safe operation of the vehicle. A quadrupolar probe consists of a 
transmitt ing dipole  ( T i ,  T2) and a receiving dipole  (Rl ,  R2); an a l te rna t ing  
current ,  It, is injected between Ti ard T2 and a poten t ia l  d i f f e r e n e ,  Vr,  is 
simultaneously measured between R1 and R2. The t r ans fe r  impedance, 2 = V r / I t ,  
is a function of the d i e l e c t r i c  properties of the environnent. The probe ar- 
ray  can be arranged i n  an i n f i n i t e  number of ways and a possible configma- 
t i on  is i l l u s t r a t e d  in  the following f igure (probe R1 not v i s i b l e ) ,  where 
four spheres are mounted at  the  mrners of the vehicle ( 4 ) .  Assuming a square 
array of side L a t  a height h above the ground and neglecting the  presence of 
the rover body, it can be shown that the t ransfer  impedance is approximately 
given by 2 = & (0.59 - 2at((l + x2)-t - ( 2  + x2)- t ) ) ,  where 2, = ( 4 H j € & ~ ) - ~ ,  
d =  (E- l ) / ( € +  1 )  and x = 2 h 9 .  The t r ans fe r  impedance can be rewri t ten 

(0.59 -&(0.59 - 0.65 x ) )  fo r  xC<l. The size, geanetry and locat ion of 
the  Sensors are not critical; in  order to minimize the  mass, it is proposed 
to m a k e  use of meshed spheres or d isks  w i t h  a dianeter  of about 10 m, small 
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canpared with the dimensions of the  vehicle.  The sensors should be mounted as 
close as possible to the ground ( ~ 1 5  an) and as f a r  as possible from the  
vehicle ( ~ 3 0  an); it is absolutely not required t h a t  t he  array be square. The 
perturbation introduced by the presence of the rover w i l l  be taken in to  
account through a preliminary ca l ibra t ion .  The sensors are not r i g i d  and t h e  
munt ing  stms are f l ex ib l e  so t h a t  any unforeseen contact with ground pra- 
t rus ions  canmt a f f e c t  their shape nor impde the operation of the vehicle .  
The working frequency is varied i n  steps from 100 Hz to 3 MHz; the  anplitudes 
of the transmitted current  and received voltage are measured and the  diffe-  
rence between the  phases of the  two s igna ls  is evaluated f o r  each frequency 
step. As a b n u s ,  it is possible to monitor i n  the passive d e ,  i.e. without 
any signal applied to the transmitt ing dipole,  the a c t i v i t y  of atmospheric 
VLF e l e c t m a g n e t i c  phenomena (frequencies less than 10 kHz) , by sending the 
s igna l  collected by the receiving antenna in to  a f i l t e r  bank, or a spectrun 
analyzer. !Lhe quadrupolar probe is a s turdy  and v e r s a t i l e  instrument with re- 
l a t i v e l y  modest requirements ( 2  W, 2 kg). 
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