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ABSTRACT 

Measurements of the normalized backscattering c ros s  sections 
of a number of agricultural  surfaces a r e  reported for microwave 
frequencies of 1.8, 10, 15, and 35 GHz. The surfaces include wheat 
oats, soybeans, Sudan grass ,  corn, alfalfa, and sorghum. Ground 
truth data including, for instance, surface location, crop variety and 
moisture, soil  moisture, etc. a r e  provided for most  surfaces. 
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RADAR BACKSCATTERING DATA FOR 
AGRICULTURAL SURFACES 

A. BACKGROUND 

1. Introduction 

Future use of microwave radar  for  remote sensing over a reas  of 
agricultural  and geological interest  ( fo r  example, see Ref. 1) r e -  
quires basic hformation about the return characterist ics of such surfaces. 
This report  presents measurements  of the normalized backscattering 
c ros s  section ( p e r  unit "projected" a r e a ) ,  y(0i) , which have been made 
over the past few years  on a number of agricultural surfaces. 
responding data for  geological surfaces a r e  given in  Ref. 2. 

Cor- 

The significance of these ground-based radar  measurements i s  two- 
fold: f irst ,  they serve as a calibrationfor airborne r ada r s  and provide 
estimates of radar  re turn for system designers; secondly, they provide 
measurements  over well-defined, homogeneous surfaces which a r e  ac- 
companied by rather  detailed surface descriptions. 
as basic data for the interpretation of surface response in  t e rms  of surface 
parameters.  However, no specific interpretations a r e  offered in this 
report ,  although a number of interesting conclusions have already been 

3 drawn from the data presented here, 

Thus they can serve 

In many cases,  brightness temperature data were taken for the same 
surface o r  site, on the same day or (occasionally) within one o r  two days, 
a s  the radar measurements,  These data may be found in  Ref. 4, and may 
be identified on the basis  of the date and surface descriptions. 

2. Definition of the Radar Cross  Section Parameters  

The objective of the radar  measurements i s  to determine the norm- 
alized backscattering parameterg of the terrain,  co jk (  ei) o r  yjk( ei) , 
where 0 i  is the angle with respect to the surface normal. 
parameter  a t  microwave frequencies i s  actually the normalized bistatic 
scattering c ros s  section ( p e r  unit surface a r e a ) ,  

( s e e  Fig. A-1) the subscript j re fe rs  to the polarization of the incident 
radiation on the surface of a r ea  A ,  and the subscript k designates that 
polarization component of the scattered signal which is accepted by the 
receiving antenna; i, s refer  to the angles (0 i ,  +i) and ( O s , + s )  defining 
the propagation directions of the incident and scattered radiation. 

The governing 

3 Gojd i, s )  , where 

A - 1  



H 

AREA I LLUM I NATEO 

Fig. A l l .  Geometry of the scattering problem, 

Operationally, the bistatic c ros s  section is defined by considering 
a n  area A which is  illuminated by a plane wave of power density Io 
(watts/m ) , and which produces a scattered intensity Is a t  a distance R .  
The normalized bistatic scattering c ross  section aojk(  i, s)  is then 
defined by the equation5 

2 

4nR2 I s  
cod (i, s) = A Io = ~ ' , ~ ( s ,  i) (reciproci ty  theorem),  Jk ( 1) 

where this normalized bistatic c ros s  section, cTo, is related to the con- 
vevltional radar c r o s s  section, G, by Go = G/A. 
meter, the normalized radar  backscattering c ros s  section is "Ojk( i, i) 

o r  just  Ubjk( ei) ; the Farticular polarization states used i n  this report  a r e  
designated by the following notation: 

In t e rms  of this Fara- 

Transmitted wave Received scattered wave 

6OVV vertically polarized vertically polarized 

v e r tic ally polar iz e d horizontally polarized 

horizontally Folarized horizontally polarized 

horizontally polarized vertically polarized 
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The words f lver t ical  Folarized" re fer  to a wave with its electr ic  vector 
i n  the plane of the incidence; the words "horizontal polarized" refer  to a 
wave with its electr ic  vector i n  the plane of the surface. 

To work with a parameter  which is independent of the illuminated 
area of the terrain,  the bistatic radar  re turn parameter per unit 
"projected" area, y, is introduced by the relation 

2 aojk( i, s)  4wR Is 
- 

( 2) yjk( i, s) = cosei - I J A  cosei) . 
Once again, the parameter  of concern here is the backscattering compon- 
ent y. (i, i) o r  y.  (e . )  = (To( e.) /cos0 
isfied by the y' s is3 yjk( i, s )  cosei = ykj( s, i) cosei. 
y( 0i) which is plotted in  Section B; however, the tables give both y( Qi) 

and the conventional normalized rada- backscattering c ros s  section per 
unit area (T ( Oi) .  

The reciprocity condition sat- Jk Jk 1 1 i' 
It is this parameter 

0 

3. Instrumentation 

The Ohio State University multi-frequency terrain-return facility 
has been described in  detail elsewhere6, 
of four truck mounted radar  systems of the high-gain, narrow beam, 
c-w doppler type, operated at 1.8, 10, 15, and 35 GHz. The block 
diagram of a typical system is shown in Fig. A-2. The microwave sys-  
tems a r e  attached a t  the end of a hydraulic boom which is located a t  the 
center of the truck ( s e e  Fig. A-3).  The doppler signal is generated by 
driving the truck alongside the surface to be measured. 
incidence, Bi, is controlled f rom within a van mounted on the rear of the 
truck, by rotating the enclosure containing the microwave system. Any 
linear polarization may be obtained by rotating the antenna. 

Briefly, however, it consists 

The angle of 

Since two signal processing channels a r e  available, any two of the 
four r ada r s  may be operated simultaneously. 
power is integrated over a s t r ip  of terrain,  typically 100 feet long, i n  
order  to reduce s ta t is t ical  fluctuations in  the return parameters,  
instantaneous re turn  power is monitored on an analog s t r ip-chart  re- 
corder ,  while the integrated power is recorded i n  digital form, a t  a r a t e  
of orle sample per second. 

The instantaneous return 

The 

A summary  of the radar  system specifications, such as the antenna 
beamwidths, the 1. 0. levels, and the smallest measured levels of the 
radar  backscattering parameter,  y( €I i ) ,  is  given i n  Table 111. 
imum detectable level of the radar  backscatter,  which is a more  realistic 
index of system performance than system sensitivity, is less than the 
smallest  measured values of y for  each radar  system. 

The min- 
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Fig, A-2. Block diagram of a typical c-w doppler radar system. 
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Fig. A-3. The Ohio State University Mobile Radar- 
Radiometer Facility. 
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The radar  systems a r e  calibrated on an absolute basis by comparing 
the return f rom the te r ra in  with the return f rom a n  8 
which is  oscillated by a shaker ( t o  provide the doppler shift) at the 
standard antenna-surface distance of 20 feet. All four radar  systems 
are essentially similar to that shown i n  Fig. A-2, except that 1.8 GHz 
system uses a parabola instead of a horn, and the 10 GHz system re-  
ceives both the direct  and cross-polarized linear components of the 
re turn  signal. 
the direct  channelby rotating a n  a r r a y  of dipoles as a target. 
tion of the target  modulates the reflected signal amplitude, and the side- 
bands provide the required frequency shifts for system operation. 

metal sphere, 

The c ros  s-polarized channel is calibrated relative to 
The rota- 

The reduction of the radar  data entails transformation of the 
integrated audio signal powers f rom the te r ra in  and f rom the standard 
target to a normalized radar  backscattering c ros s  section per  unit 
a rea ,  C ' ( 0 ) ,  using the relationship 

ps t R ~ , ( e )  1100 
0 

where Prec = received power from terrain,  

P = received power f rom standard target, 
s t  

C = radar  c ros s  section of standard target, 
T 

Ro = 
B = constant i n  exponent of one-way antenna power pattern, 

IB = value of integral tabulated by Barrick?.  

distance f rom antenna to target, 

Details of the signal processing and data reduction a r e  given in Ref. 6 .  

4. Description of the Data 

The agricultural  backscattering data a re  presented in this report  as 
follows: graphs of y( ei) ,  the normalized backscattering c ross  section 
per  unit "projected" a r e a  vs. angle of incidence (with respect to the 
surface normal ) ,  a r e  given i n  Section B (pp. B-1 to B-56)  ; descrip- 
tions ( "ground truth") of these measured surfaces are provided in Section 
C (pp. C -  1 to C-104) ; and both y( ei) and C0( ei) ,  the normalized radar  
backscattering c ros s  section, a r e  presented in  tabular form i n  Section D 
(pp. D-1 to 0-143).  

In Section B, the graphs of y( €Ii) are presented according to their 
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respective crop designations, 
number" (groups 1-99 correspond to data obtained in 1965, groups 100- 
199 in 5966, and so forth) , which was introduced to provide a convenient 
cross reference between the figures, the surface identification ( "ground 
truth"),  and the tables of y and go, The date on the figures (and the 
tabular output) gives the day, month, and las t  digit of the year of the 
measurement;  for example, 16 Aug 6 corresponds to 16 August 1966. 
The figure numbers a r e  listed in Table I with their corresponding group 
numbers, ground truth page numbers, and table page numbers; the 
group numbers a r e  listed in Table I1 with corresponding figure, ground 
truth, and table page numbers. 

Each measurement  is assigned a ''group 

The "surface identification" section contains descriptions, location, 
date of measurement,  etc.,  of the surfaces measured. Some of the 
surface descriptors a r e  c rop  variety, crop height, crop moisture content 
given by ( fresh weight - dried weight) /fresh weight, direction of antenna 
path relative to the crop rows, and the height above the ground to which 
the standard antenna-surface distance of 20 feet was measured. 
descriptofs specified for a given surface were controlled by conditions 
existing at the measurement  site. For  instance, some plots could not 
be disturbed t3 measure the crop moisture content and f resh  weight, 

The 

The values of y vs. Oi a r e  also given in tabular fo rm i n  Section D. 
These tables, identified by group number, give both y ( i n  the 'tgammarl 
column) and (ro ( i n  the "cross section'' column) in digital form, plus 
a brief description of the surface, date, frequency, and the standard 
taxget calibration level6 , The values of y a r e  those plotted in Figs. 1- 
110 of Section B. 

The e r r o r s  which a r i s e  in  the backscattering measurements a r e  due 
to the following sources: ( 1) statist ical  fluctuations, which a r e  insigni- 
ficant here  since the return is averaged over many independent samples; 
( 2 )  calibration e r r o r s  due to alignment inaccuracies of the calibration 
target (especially at Ka-band) and ground effects ( i n  the case of S-band) , 
dr i f t  between pre-  and post-calibration, and sporadic e r r o r s  in  the r e -  
cording amplifier gains, etc. 
affect only the absolute level of the c r o s s  sections, but not the relative 
values for a given measurement. 
tions are in doubt have been indicated by "absolute calibrations in  doubt. ' I )  ; 
( 3 )  system geometry - since the truck is driven along the terrain,  the 
look angle and antenna height can vary - e r r o r s  also a r i s e  in the height 
of the antenna above the surface, especially near grazing; ( 4 )  choice 
of the lsurface reference plane - in the case of tall vegetation such as 
corn, there is a significant difference in  range between the return from 
the top and f rom the bottom of the c rop  - also the geometry is that of a 

( E r r o r  in the absolute calibration will 

Measurements whose absolute calibra- 
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thin cylinder of radiation penetrating a deep layer instead of the normal 
plane wave - shallow surface layer geometry typical of a i r c ra f t  measure- 
ments. 
height has been indicated in  Section C. 

In most  cases  where the choice is significant, the reference 

It should be pointed out that the absolute level of the 1966-67 X-band 

An indication of the consistency of the data is provided by the 
cross-polarized data is in doubt since a suitable calibration was not 
available. 
reciprocity condition for the cross-polarized returns;  that is, 
(ToVH( €li) = (ToHV( €Ii). 

apparently systematic differences between these two parameters  a r e  due 
to a smal l  difference in gain between the two data processing channels. 

Particularly in  the ear l ie r  measurements,  

In practice, ca re  has been taken to minimize the sources of e r r o r ,  
and i t  is felt that the reported measurements a r e  accurate to within 
t 1. 5 dB although there may be occasional bad data points. 
of tall crops such a s  corn o r  Sudan grass ,  the limitations between the 
system geometry of the experiment and that assumed in defining (T 

y ( see Fig. A-1) should be born in b i n d  when using the measurements. 

For  the case 

0 o r  
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C, IDENTIFICATION OF THE SURFACES 

Group No. 63 Surface. Wheat 

Frequency. 10 0 GHz. 

Location. Purdue Agronomy Farm - - Field W31-3A 

Date. 16 June 65 Time. 

Temperature. 2 l 0 c  Humidity. 6 5% 

Wind. 4 - 5  mph 

Description. North edge of plot W31-3A 
Variety. Wheat, in head 

Crop height. 3611 

ROW spacing. 6" 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop. 

Heads /sq.ft. 580 

Antenna path. 

Antenna reference height, Top of crop 
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Group No. 64 Surface. Wheat 

Frequency. 15.4 GHz. 

Location. Purdue Agronomy F a r m  - -  Field W31-3A 

Date. 16 June 65 Time. 

Temperature.  2 i0c Humidity. 6 5% 

wifid 4-5 mph 

Description. North edge of plot W3 1 -3A 

Variety. Wheat, in head 

Crop height. 3611 

Row spacing. 611 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total f r e sh  weight of crop. 

Heads/sq. ft. 280 

Antenna path. 

Antenna reference height. Top of crop 
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Group No. 65 Surface. Bulk Wheat 

Frequency. 10. o GHz. 

Location. 

Date. 16 June 65 Time, 16:oo 

Fkirdue Agronomy Farm - - Field B W  - 23 

Tempe r atur e. 2 2O C Humidity. 60 '$0 

Wind. 

De sc ription. North edge of plot 23-C 
Variety. Monon 

Crop height. 32" 

Row spacing. 911 
Heads per sq.ft. "40 
Ground cover. 6070 on Chalmers sil ty clay loam 

Soil moisture. 

Crop moisture. 60% 

Total fresh weight of crop. 364 grn/sq. ft. 

Antenna path. 

Antenna reference height. Top of crop 
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Group No. 66 Surface, Bulk wheat 

Frequency. 15.4 GHz. 

Location. 

Date. 16 June. 65 Time. 16:OO 

Temperature. 22O c Humidity. 60 % 

Wind, 

Purdue Agronomy F a r m  - -  Field B W  - 23 

Description. North edge of plot 23-C 
Variety. Monon 

Crop height. 32" 

Row spacing. 911 
Heads per sq.ft .  "40 
Ground cover. 6070 on Chalmers sil ty clay loam 

Soil moisture. 

Crop moisture, 60% 

Total f resh  weight of crop. 364 gm/sq. ft .  

Antenna path, 

Antenna reference height. Top of crop 
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Group No. 67 Surface. Oats 

Frequency, io .  o GHz. 

Location. Purdue Agronomy Farm - -  Field 3 1 -A4 

Date. 16 June 65 Time. 

Temperature.  21Oc Humidity. 65% 

Wind. 

Description. South edge of plot 31-A-4 
Variety. Tippecanoe 

Crop height. 26" 

Row spacing. 7" 
IZeads per sq. ft. "30 
Ground cover. 80% on Chalmers silty clay loam and 

Soil moisture. 
Raub silt loam 

Crop moisture. 76% 

Total fresh weight of crop. 275gm/sq. ft, 

Antenna path. 

Antenna reference height. Top of crop 
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Group No. 68 Surf ac e, Oat s 

Frequency. 15.4 GHz. 

Location. Purdue Agronomy Fa rm - - Field 3 1 -A4 

Date. 16 June 65 Time. 

Temperature. 2l0c Humidity. 6570 

Wind. 

De scription. South edge of plot 3 1 -A-4 
Variety. Tippecanoe 

Crop height. 2611 

Row spacing. 7" 
Heads per sq. f t .  230 
Ground cover. 

Soil moisture. 

8070 on Chalmers s i l t y  clay loam and 
Raub silt loam 

Crop moisture. 76% 

Total f resh weight of crop. 275 gm/sq. f t .  

Antenna path. 

Antenna reference height. Top of crop 
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Group No. 69 Surface, Alfalfa 

Frequency. 10, o GHz. 

La ca tion. Purdue Agronomy Farm - -  Field A-6 

Date. 17 June 65 Time. 11:OO 

0 
Temperature. 24 C Humidity. 50 % 

Wind. 

Description. South edge of plot 6-A 
Variety. Culver 

Crop height. 12"-18" 

Row spacing. 

Ground cover. . 95% on Xenia silt loam 

Soil moisture. 

Crop moisture. 79% 

Total fresh weight of crop. 245 gm/sq. ft. 

Antenna path. 

Antenna reference height. 
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Group No, 70 Surf ac e, Alfalfa 

Frequency. 15.4 GHz. 

Location. Purdue Agronomy Farm - -  Field A-6 

Date. 17 June 65 Time. 11:oo 

Temperature. 24OC Humidity. 50% 

Wind. 

Description. South edge of plot 6-A 
Variety. Culver 

Row spacing. 

Ground cover. 9570 on Xenia silt loam 

Soil moisture. 

Crop moisture. 7970 

Total f resh weight of crop. 245 gm/sq. ft. 

Antenna path. 

Antenna reference height. 
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Group No. 7 1  Surface, Alfalfa 

Frequency. 1 . 8  GHz, 

Location. Purdue Agronomy Farm - -  Field A-6 

Temperature. Humidity. 

Wind. 

South edge of plot 6-A 

Variety. Culver 
Description. 

Crop height. 12"- 18" 

Row spacing. 

Ground cover. 9570 on Xenia silt loam 

Soil moisture. 

Crop moisture. 7970 

Total fresh weight of crop. 245 gm/sq, ft. 

Antenna path. 

Antenna reference height. 



G i . ~ ~ p N f f ,  72 Surface. Oats 

Date. 17 June 65 Time: 9:OO 

T e rnpe r a t  ur e. 

Wind. 

Humidity. 

Description. South edge of plot 31-A-4 
Variety. Tippecanoe 

Crop height. 26" 

Row spacing. 7" 
Heads per sq. ft. 530 
Ground cover. 80% on Chalmers silty clay loam and 

Soil moisture. 
Raub silt loam 

Crop moisture. 76% 

Total f resh weight of crop. 2715 gm/sq. ft .  

Antenna path. 

Antenna reference height. TOP of crop 
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Group No. 73 Surface. Oats 

Frequency. 15.4 GHz. 

Location. Purdue Agronomy Farm - -  Field 31-A4 

Date. 17 June 65 Time. 9 : O O  

Temper at  ur e. Humidity. 

Wind. 

Description. South edge of plot 31-A-4 
Variety. Tippecanoe 

Crop height. 26" 

ROW spacing. 7" 
Heads per sq. f t .  "30 
Ground cover. 80% on Chalmers sil ty clay loam and 

Raub silt loam 
Soil moisture. 

Crop moisture. ?670 

Total f resh weight of crop. 275 gm/sq. ft. 

Antenna path. 

Antenna reference height. Top of crop 
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Groqp No. 74 Surface. Oats 

Frequency. 1.8 GHz. 

Location, Purdue Agronomy Farm - - Field 3 1 -A4 

Date. 17 June 65 Time. 1O:OO 

Temperature. Humidity. 

Wind. 

Crop height. 26'1 

Row spacing. 7" 
Heads per sq. f t .  230 
Ground cover. 80% on Chalmers silty clay loam and 

Soil moisture. 
Raub silt loam 

Crop moisture. 76% 

Total fresh weight of c rop  275 gm/sq. ft. 

Antenna path. 

Antenna reference height. Top of crop 
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Group No. 101 Surface, Wheat Stubble 

Frequency. 10.0 GHz. 

Purdue Agronomy Farm - -  Field 33  Location. 

Temperature. 

Wind. 

Time. 13:OO 

Humidity. 

Description. South edge of plot 33 
Variety. 

Crop height. 

Row spacing. 

Ground cover. 

Soil moisture. 17% 

Crop moisture. 7 % 

Total fresh weight bf crop. 

Antenna path. 

Antenna reference height. 
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Group No, 102 Surface, Wheat Stubble 

Frequency, 35.0 GHz. 

Location, Purdue Agronomy Farm - -  Field 33 

Date. 3 Aug. 66 Time. 13:30 

Tempe rat ur e. Humidity. 

Wind. 

Crop height. 

Row spacing. 

Ground cover. 

7 % Crop moisture. 

Total fresh weight of crop. 

Antenna path. 

Antenna, reference height, 
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Group No. 103 

Fr&quency. I f id  GHz. 

Surface, Wheat Stubble 

Location. 

Datk!, 6 Aug. 66 Time. 

Purdue Agronomy Farm - -  Field 3 3  

T smpe r atur  e. 

Wind. 

Humidity. 

Description. South edge of plot 3 3  
V a r i e  t y. 

C r op height. 

Row spacing. 

Ground cover. 

Soil moisture. 17% 

Crop  moisture. 770 

Total f r e sh  weight of crop. 

Antenna path. 

Antenna reference height. 
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Group No. 105 Surface, Corn 

Frequency, 10.0 GHz. 

Location. 

Date, 3 Aug. 66 Time. 16:OO 

Purdue Agronomy Farm - - Field 3 1 - 3 D  

Temper at  ur e. Humidity. 

Wind. 

Description. North edge of plot 31-3D 
Variety. Corn, just in tassel 

Crop height. 7' 

Row spacing. 

Ground cover. 

Soil moisturel 7% 

Crop moisture. 8270 ( tops ), 76% ( bottom 100 c m  
of crop ) 

Total fresh weight of crop. 
(tops) , 144 gm/100 c m  of row ( bottom 
100 cm of crop ) 

894 gm/100 c m  of row 

Antenna path. 

Antenna reference height. 61 above ground 
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Group No. 106 Surface. Corn 

Frequency. 35.0 GHz. 

Location. Purdue Agronomy Farm - - Field 3 1 - D - 3  

Date. 3 Aug. 66 Time, 

Temper atur e. Humidity . 
Wind. 

Description. North edge of plot 31-3D 
Variety. Corn, just in tassel 

Crop height. 7l 

Row spacing. 

Ground cover. 

Soil moisture. 770 

Total f resh weight of crop. 894 gm/100 c m  of row 
( tops ), 144 gm/100 cm of TOW ( bottom 
100 cm of crop ) 

Antenna path. 

Antenna reference height. 6' above ground 

C-17 



'I;'reQueney, 15.0 GHz, 

Location, Purdue Agronomy Farm - -  Field 3 1 -D-3  

Temper at ur e Humidity. 

Wind, 

Description, North edge of plot 31 -D3 
Variety. Corn, not in tassel 

Crop height. 7' 

Row spacing# 

Ground cover. 

soi l  moisture. 770 

Crop moisture. 82% ( tops, eo cm), 
887'0 ( bottom 100 c m  of crop ) 

Total fresh weight of crop. 585 gm/100 cm of TOW 

( tops ), 1630 grn/100 ern of row ( bottoms ) 

Antenna path. 

Antenna reference height. 61 above ground 
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Group No. 108 Surface. Corn 

Frequency. 1.8 GHz. 

Location. Furdue Agronomy Farm - -  Field 31-D-3  

Date. 6 Aug. 66 Time. 13:OO 

Temper atur e. 

Wind. 

Humidity. 

Description. North edge of plot 31-D3 

Variety. Corn, not in tassel  

Crop height. 7' 

Row spacing. 

Ground cover. 

so i l  moisture. 7% 

Crop moisture. 8270 ( tops, "70 C m  1, 
88% ( bottom 100 c m  of crop 1 

Total f resh weight of crop. 585 gm/100 c m  of row 
(tops),  1630 gm/100 c m  of row (bottoms) 

Antenna path. 

Antenna reference height. 6' above ground 



Group No. 109 Surface. Soybeans 

Frequency. 10.0 GHz. 

Location, Purdue Agronomy Farm - -  Field 16 

Date. 3 Aug. 66 Time. 17: 30 

Temper at ur e. Humidity. 

Wind. 

W e s t  edge of plot 16 De sc r ip  tion. 
V a r iety. 

Crop height. '36" 

Row spacing. 

Ground cover. 

Soil moisture. 9% 

Total f r e s h  weight of crop. 187 gm/100 cm of row 
( tops ), 10 15 grn/100 c m  of row (bottoms) 

Antenna path. Across rows 

Antenna reference height. 18'' above ground 
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Group No. 110 Surface, Soybeans 

Frequency. 35.0 GHz. 

Location. Purdue Agronomy Farm - -  Field 16 

Temper at ur e. Humidity. 

Wind. 

Description. West edge of plot 16 
Variety. 

Crop height. f36I '  

Row spacing. 

Ground cover. 

Soil moisture. 9% 

Total fresh weight of crop. 187 gm/100 c m  of row 
( tops ), 10 15 grn/lOO c m  of row ( bottoms 

Antenna path. Across rows 

Antenna reference height. 18" above ground 
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Group No. 111 Surface. Soybean& 

Frequency. 15* 0 GHz. 

Lacatiofi, Purdue Agronomy Farm - -  Field 16 

Date. 6 Aug. 66 Time. 14:OO 

Temper at ur e. Humidity. 

Wind. 

Description, West edge of plot 16 
V a r ie t y. 

Crop height. =36" 

Row spacing. 

Ground cover. 

Soil moisture. 97% 

85% ( tops ), 81% ( bottoms ) Crop moisture. 

Total f r e sh  weight of c r o p  187 gm/100 c m  of row 
( tops ), 10 15 gm/lOO crn of row ( bottoms 4 

Antenna path. Across rows 

Antenna reference height. 18" above ground 
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G ~ Q u ~  No, 112 Surface. Soybeans 

Frequency. 1.8 GHz, 

Location. 

Date. 6 AUg- 66 Time. 

mrdue Agronomy Farm - -  Field 16 

14:OO 

Temper at ur e. Humidity . 
Wind, 

Description, West edge of plot 16 
V a r ie t y. 

Crop height. 23611 

Row spacing. 

Ground cover. 

Soil moisture. 9% 

Total fresh weight of crop. 187 gm/100 c m  of row 

( tops ), 10 15 gm/100 c m  of row ( bottoms ) 

Antenna path, Across jmws 

Antenna reference height. 18" above ground 
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Group No. 113 Surface, Corn 

Frequency. 15.0 GHz. 

Location, 

Date. 6 Aug. 66 

&rdue Agronomy Farm - - Field 3 1 - 1 -c 

Time. 15:OO 

Temp e r atur e, Humidity. 

Wind. 

Description, South edge of plot 31 -1-C 
Variety, Corn, in tassel  

Crop height. 6' 

Row spacing. 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop. 

Antenna path. 

Antenna reference height. 5 1/2' 

0 
( 80 measurements unreliable. ) 
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Group No. 114 Surface. Corn 

Frequency, 1.8 GHz. 

Location. Purdue Agronomy Farm - -  Field 31-1-C 

Date. 6 Aug. 66 Time, 15:OO 

Temper at ur e. Humidity. 

Wind. 

Description. South edge of plot 31- 1-C 

Variety. Corn, in tasse l  

Crop height. 6' 

Row spacing. 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total  f r e sh  weight of crop. 

Antenna path. 

Antenna reference height, 5 1/2' 

( 80° measurements unreliable. ) 
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Croup No. 115 

Frequency, 10.0 GHz. 

Surface, Sudan Grass ,  Irrigated 

Location. Purdue Sandfarm - -  Field 4A 

Date. 4 Aug. 66 Time. 11:OO 

Temperature.  23. 5OC Humidity. 

Wind. 0-3 mph Clear sky 

Description, Irrigated plot 
V a r i e  ty. 

Crop height. =90" 

Row spacing. 

Ground cover. 100% 

Soil moisture. 770 at surface,  7% at 6Ir depth, 17% at 
911, 2070 at 15", 1370 at 21", 8% at 27", 7% at 33" 

Crop moisture. 7670 ( tops ), , 77.5% ( middle 100 . 
c m ) ,  8170 ( bottom 100 c m )  

Total fresh weight of crop. 78 gm/50 c m  of row 
( tops ), 414 gm/50 cm of row ( middle 
100 c m ) ,  934 gm/50 c m  of row ( bottom 
100 c m )  

Antenna path. 

Antenna reference height. 71 above ground 
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Group No. 116 Surface, Sudan Grass  , Irrigated 

Frequency. 35.0 GHz. 

Location* Purdue Sandfarm - -  Field 4A 

Temperature, Humidity. 

Wind. 

Crop height, 5 9 O ' I  

Row spacing. 

Ground cover. 100% 

Soil moisture. 770 at surface, 770 at 611 depth, 1770 at 
9I f ,  2070 at 15", 13% at 21", 8% at 27", 770 at 33" 

Crop moisture. 7670 ( tops ), 77. 5% { middle 100 e m  ), 
81% (bot tom 100 Cm) 

Total fresh weight of crop. 78 gm/50 c m  of row ( tops ) 
414 gm/50 crn of row ( middle 100 a m )  
934 gm/50 c m  of row [ bottom 100 cm ) 

Antenna path. 

Antenna reference height. 7' above ground 
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Group No. 117 

Frequency. 10.0 GHz. 

Location. Purdue Sandfarm - -  Field 4B 

Surface. Sudan Grass ,  Non-irrigated 

Temperature. 23.5OC Humidity, 

Wind. 0-3 mph Clear sky 

Description, Non -ir rigated plo t 
Variety. 

Crop height, ~88" 

Row spacing. 

Ground cover. 90% 

Soil moisture. (270 at surface, <170 at 6'1 depth, 270 
at 9Ir, 670 ah 1511, 470 at 21", 8% at 27", 9% at 33" 

Crop moisture. 6970 ( tops ), 7070 ( middle 100 c m  ), . 
7370 ( bottom 100 c m )  

Total fresh weight of crop. 93 gm/50 cm of row ( tops 
590 gm/50 crn of row ( middle 100 c m ) ,  
1022 gm/50 cm of row ( bottom 190 cm)  

Antenna path. 

Antenna reference height. 7' above ground 
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Group No. 118 Surface. Sudan Grass,  Non-irrigated 

Frequency. 35.0 GHz, 

Location. 

Date. 4 AW. 66 

Purdue Sandfarm - -  Field 433 

Time. 13: 30 

Temperature. Humidity, 

Wind. 

Description. Non-irrigated plot 
Variety. 

Crop height. ~ 8 8 "  

Row spacing. 

Ground cover. 90% 

Soil moisture. (2% at surface, <I70 at 6'1 depth, 2% 
at 911, 67'0 at 15", 4yo at 21", 8% at 27", 9% at 33" 

Crop moisture. 69% ( tops), 7070 ( middle 100 c m ) ,  
7370 ( bottom 100 c m )  

Total f resh weight of crop. 93 gm/50 cm of row ( tops ) 
590 gm/50 c m  of row ( middle 100 em 
1022 gm/50 cm of row ( bottom 100 e m )  

Antenna path. 

Antenna reference height. 71 above ground 
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Group No, 119 Surface. Sorghum, Irrigated 

Frequency. 10.0 GHz. 

Location, Purdue Sandfarm - - Field 3.A 

Date. 4 Aug 66 Time. 15:OO 

Temperature. 

Wind. 

Humidity. 

Crop height. l'' 

Row spacing. 

Ground cover. 6070 

Soil moisture. 870 at surface, 9% at 6", 11% at 9", 
1270 at 15'*, 12% at 21", 13% at 27", 14% at 33" 

63% ( tops ) ?  77% ( bottoms I Crop moisture. 

Total f r e sh  weight of crop. 328 gm/50 c m  of row ( tops ), 
1390 gm/50 c m  of row ( bottoms ) 

Antenna path. 

Antenna reference height. 1 1/2' above growd 
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Group No. 120 Surface. Sorghum, Irrigated 

Frequency. 35.0  GHz. 

Location. 

Date. 4 Aug 66 Time. 

Purdue Sandfarm -- Field 3 A  

Tempe r atur  e. Humidity. 

Wind. 

Crop height. 51" 

Row spacing. 

Ground cover. 60% 

Soil moisture. 870 at surface, 9% at bff ,  11% at 9", 
1270 at 15", 12% at 21", 13% at 27", 1470 at 33" 

Crop moisture. 63% ( tops ), 7770 ( bo tbms  ) 

Total f resh weight of crop. 328 gm/5G cm of row 
( tops ), 1390 gm/50 c m  of row ( bottoms) 

Antenna path. 

Antenna reference height. 1 1/21 above ground 
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Group No. 121 Surface. Sorghum, Non-irrigated 

Frequency. 10.0 GHz, 

Location, 

Date. 4 Bug 66 Time. 15:OO 

Purdue Sandfarm - -  Field 3B 

Temperature. 

Wind. 

Humidity. 

Crop height. 4711 

Row spacing. 

Ground cover. 50% 

. Soil moisture. < 1. 5% ( surface ), < 1% at 611, 
370 at 911, '7% at 15", 6% at Z l t t 9  6% at 27", 

Crop moisture. at '3;;s ( tops ), 80% ( bottoms ) 

Total f resh weight of crop. 225 gm/50 cm of row 
( tops ) ?  1080 gm/50 cm of row ( bottems ) 

Antenna path. 

Antenna reference height. 1 1/2' above ground 
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Grodp No. 122 Surface. Sor ghurn, Non -irrigated 

Frequency. 35.0 GHz. 

Location. Purdue Sandfarm - -  Field 3B 

Tempe r atur e. Humidity. 

Wind. 

Description, Non-irrigated plot 

Variety. 

Crop height. 47 1' 

Row spacing. 

Ground cover, 50% 

Soil moisture. (1. 5% at surface, (1% at 611 370 at. 
911, 7% at 15", 6% at 21", 6% at g71f , '6% at 33" 

Crop moisture. 70% ( tops 1, 80% ( bottoms ) 

Total f resh  weight of crop. 225 gm/50 cm of row 
( tops ), 1081 gm/50 cm of row ( bottoms ) 

Antenna path. 

Antenna reference height. 1 1/21 above ground 
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Group No. 123 Surface. Soybeans, Irrigated 

Frequency. 10.0 GHz. 

Location. Purdue Sandfarm -- Field 2A 

Date. 5 Aug 66 Time. 15:30 

Temperature. 25.5OC Humidity . Wet  bulb 71.5OF 

Wind. None 

Description. Irrigated plot 
V a r ie  ty. 

Crop height. 47" 

Row spacing. 

Ground cover. 95q0 

Crop moisture. 82% 

Total f resh weight of crop. 1150 gm/50 cm of row 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No. 124 Surface. Soybeans, Irrigated 

Frequency. 35.0 GHz. 

Location, Purdue Sandfarm - -  Field 2A 

Date. 5 Aug 66 Time. 1 5 ~ 3 0  

Temperature. 25. 5OC Humidity. 

Wind. 

Crop height. 47'l 

Row spacing. 

Ground cover. 95% 

Soil moisture. 8% at surface, 9% at 6",  1470 at 9 l l ,  

1370 at 15", 10% at 21", 10% .at 27", 9% at 33" 

Crop moisture. 82% 

Total f resh weight of crop. 1150 gm/50 cm of row 

Antenna path. 

Antenna reference height. 11 above ground 

c -35 



Group No. 125 Surface, Soybeans, Non-irrigated 

Frequency. 10.0 GHz, 

Location, Purdue Sandfarm - -  Field 2B 

Date. 5 Aug 66 Time, 13:30 

Temper at ur e. Humidity. 

Wind. 

Description, Non-irrigated plot 
Variety. 

Crop height. 39" 

Row spacing, 

Ground cover. 7570 

Soil moisture. (1. 570 at surface,  (170 at 6'1, 270 at 9", 

570 at 15", 570 at 21", 570 at 27", 770 at 33" 

Crop moisture. 79% 

Total fresh weight of crop. 740 gm/50 cm of row 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No. 126 Surface, Soybeans, Non-irrigation 

Frequency. 35.0 GHz, 

Location. Purdue Sandfarm - -  Field 2B 

Date. 5 Aug 66 Time. 15:30 

Temper at ur e. 

Wind. 

Humidity. 

Description. Non-irrigated plot 
Variety. 

Crop height. 39" 

Row spacing. 

Ground cover. 75% 

Crop moisture. 79% 

Total f r e sh  weight of crop. 740 gm/50 em of row 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No. 127 

Frequency. 10.0 GHz. 

Location. Purdue Sandfarm 

Surface, Bare Soil, Irrigated 

Date. 5 Aug 66 Time. 13:30 

Temperature. 

Wind. 

Humidity. 

Description. Bare Soil, Irrigated, 61' furrows every 6 feet, soil 
surface washed to smooth crust Variety. 

Crop height. 

Row spacing. 

Ground cover. 

Soil moisture. 5% on surface, 470 at 6" 2570 at 9", 
2870 at 15", 18% at 21 I f7  15% at 2?", 16!0 at 33"- 

Crop moisture. 

Total fresh weight of crop. 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No, 128 Surface, Bare Soil, Irrigated 

Frequency, 35.0 GHz. 

Location. Purdue Sandfarm 

Date. 5 Aug 66 Time. 13:30 

Temper a t  ur  e. Humidity, 

Wind. 

-- 

Description, Bare soil, irr igated,  611 furrows ever 6 feet  soil , 
surface washed & smooth c rus t  

Variety. 

Crop height. 

Row spacing. 

Ground cover. 

Crop moisture. 

Total f resh weight of crop. 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No, 129 Bare Soil, Non-irrigated Surface. 

Frequency. 10.0 GHz, 

Location. Purdue Sandfarrn 

Date. 5 Aug 66 Time. 

Tempe ra t  ur e, Humidity. 

Wind. 

13: 30 

Description. Bare soil, Non-irrigated, some tractor tracks, 
surface with 1" lumps V a r ie t y. 

Crop height. 

Row spacing. 

Ground cover. 

Soil moisture. (2% at surface, 370 at  6'1, 10% at 9'1, 

16% at 15" ,  16% at 2111, 17% at 27", 1870 at 33'! 

Crop moisture. 

Total f resh weight of crop. 

Antenna path. 

Antenna reference height. 1' above ground 
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Group No. 130 Surface. Bare soil, Non-irrigated 

Frequency, 35.0 GHz. 

Location. Purdue Sandfarm 

Date. 5 Aug 66 Time. 

Temperature. 

Wind. 

Humidity. 

Description. Bare soil, non-irrigate? 
Variety. 

som tractor tracks, 
sur ace m%h 118 lumps 

Crop height. 

Row spacing. 

Ground cover. 

Soil moisture. (270 at surface 370 at 6'l 10% at 9", 
1670 at 15", 16% at 21", 17yo at 27", '18% at 33" 

Crop moisture. 

Total f resh weight of crop. 

Antenna path. 

Antenna reference height. 1' above ground 
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GroupNo. 133 Surface. Sudan Gras 8 

Frequency. io ,  o GHz. 

Location. OSU Farm - -  NW of ElectroScience Laboratory 

Date. 30 Aug 66 Time, 14~17  

Temperaturk. 33Oc Humidity. 

Wind. 2 mph 

Des c r iption . 
Crop height. 42" 

Antenna path, Parallel to rows 

CroupNo. 134 Surface. Sudan Grass 

Frequency. 10.0 GHz. 

Location. OSU Farm - -  NW of ElectroScience Laboratory 

Date. 6 Sept 66 Time. 14:OO 

Temperature. 24OC 

Wind. 2-4 mph 

Humidity. 

Des c ripti on. 

Crop height. 60" 

Soil temperature. 

Antenna path. Parallel to rows 

18OC at 4" depth 
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GroupNo. 135 Surface. Sudan Grass 

Frequency. 35.0 GHz. 

Location. OSU Farm - -  NW of ElectroScience Laboratory 

Date. 6 Sept 66 Time. 1500 

Temperature. 24O c Humidity. 

Wind. 2-4 mph 

De s c ripti on. 

Crop height. 60'' 

Soil temperature. 

Antenna path. Parallel to rows 

18OC at 4" depth 

GroupNo. 1 3 6  Surface. Sudan Grass 

Frequency. 10.0 GHz. 

Location. OSU Fa rm - - NW of EiectroScience Laboratory 

Date. 12 Sept 66 Time. 14:45 

Temperature. 28OC Humidity. 

Wind. 2-6 mph 

Description. 

Crop height. 70" 

Antenna path. Parallel to  rows 
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lhcathn* 

Date. 12 Sept 66 Time. 15:15 

Temperature. 28OC Humidity. 

Wind. 2-6  mPh 

De s c ripti on. 

OSU Farm A -  N W  of ElectroScience Laboratory 

Crop height. 70" 

Antenna path. Parallel to rows 

G~OUPNO. 138 Surface. Sudan Grass 

Frtequency. 10.0 GHz. 

Location. OSU Farm - -  NW of ElectroScience Laboratory 

Date. 12 S q t  66 Time. 15:15 

Temperature. 2 8 O  c Humidity. 

Wind. 2-6 mph 

De 8 c r ipti on. 

Crop height. 70" 

Antenna path. Parallel to rows 
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GroupNo. 153 Surface. Grass 

Frequency. 10.0 GHz. 

Location. North of Ohio State University ElectroScience Laboratory 

Temperature. Humidity. 

Wind. 

Description. 

Crop height. 2" 

Group No. 154 Surface. Grass 

Frequency. 10 .0  GHz. 

Location* North of OSU ElectroScience Laboratory 

Date. 13 Oct 66 Time. 14:27 

Temperature. Humidity. 

Wind. 

Description. 
Crop height. 2" 
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GroupNo. 155 Surface. Grass 

Frequency, 35-0  ~ GHz. 

Lacation. North of OSU MectroScience Laboratory 

Date. 13 Oct 66 Time. 10:4'7 

Te tnpe r atur e 

Wind. 

Humidity. 

Des cription. 

Crop height. 2" 

Group No, 156 Surface. Grass 

Frequency. 15.0  GHz. 

Location. 

Date. 13 Oct 66 Time. 1444 

Temper atur e .  Humidity. 

Wind . 
Description. 

North of OSU ElectroScience Laboratory 

Crop height. 2" 
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Group No. 157 Surface. G r a s s  

Frequency. 1.8 GHz. 

Location. North of ElectroScience Laboratory 

Date* 24 Oct. 66 Time. 13:44 

Temperature. Humidity. 

Wind, 

Description . 
Crop height. 2 1/2" 

GroupNo. 158 Surface. Grass 

Frequency. 15. 0 GHz. 

Location. North of ElectroScience Laboratory 

Date. 24 Oct 66 Time. 13~44 

Temperature. Humidity. 

Wind. 

Description 
Crop height. 2 1/2" 
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Group Nob ZOO Surface. Oat s 

Frequency. 10 0 GHz, 

Location, OSU Farm - -  South of Lane Avenue and West of Kenny Road 

Date. 20 Apr. 67 Time. 15:44 

Tempe j: at ur e. Humidity. 

Wind. 

Description, North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 3 "  

Row spacing. 711 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total f resh weight of c r o p  

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Croup No, 201 

Frequency, 10.0 GHz. 

Location, OSU Farm - -  Kenny Koad 

Sur fac east 91 

Date. 27 Apr 67 Time, 14:57 

Tempe k o tug e * Huddity, 

Wid ,  

~escription, North edge of field 
variety, Ohio Certified - -  Rodney 

Crop height. 4 112" 

Row spacing. 7'1 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Total fresh weight of crop 4.4 gm/sq. b. 

Antenna path. Parallel to rows 

Antenna reference height, TOP of crop 
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Group No. 202 Surface, Oats 

Frequency. 1 . 8  GHz. 

Location. Farm - -  Kenny Road 

Date. 27 Apr 67 Time. 15:17 

Temper at ur e . 
Wind, 

Humidity, 

Description, North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height.4 1/2" 

ROW spacing, 711 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Total fresh weight of crop 4 .4  gm/sq. ft. 

Antenna, path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No.203 Surface, Oats 

Frequency. 10.0 GH%* 

kcation, OSU Farm - -  Kenny Road 

Date, 4 May 67 Time. 1&12 

Temperature. Hurriidity. 

Wind, 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 6 1/Zif 

Row spacing4 7" 

&round cover. 

Soil moisture' 

Crop moisture. 87% 

Total fresh weight of crop. 5 . 3  gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 204 Surface. oats 

Frequency. 1 .8  GHz. 

Location, OSU Farm - -  Kenny Road 

Date. 4 May 67 Time. 15:30 

T e mpe r a tur e.  Humidity. 

Wind, 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 6 1/zff 

Row spacing. 7"  

Ground cover. 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop 5, 3 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group Na.205 Surface, Oats 

Date. 18 May 67 Time. 15:OO 

Temperature. Humidity. 

Wind. 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 10" 

Rbw spacing. 7'' 

Ground cover. 

Soil moisture. 

Crop moisture. 86% 

Total fresh weight of crop 19.4 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 206 Surface, Oats 

Frequency, 35.0 GHz. 

Location. OSU Farm - -  Kenny Road 

Date. 23  May 67 Time. 13:55 

Temperature. Humidity . 
Wind. 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 1111 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

Crop moisture. 85% 

Total fresh weight of crop 53.8 gm/sq. ft, 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No, 207 Surface, Oat8 

Frequency, 10.0 GHz, 

Location. OSU Farm - -  Kenny Road 

Date. 23 May 67 Time. 10:'18 

Temper at ur e. Humidity, 

Wind. 

Deecpiption, North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 11" 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

Crop moisture. 85% 

Total fresh weight of crop 53.8 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 208 Surface. Oats 

Frequency. 1 .8  GHz. 

Location. OSU Farm - -  Kenny Road 

Date. 23  May 67 Time. 10:37 

Temperature. 

Wind. 

Humidity. 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 1 1 ”  

Row spacing. 711 

Ground cover. 

Soil moisture. 

Crop moisture. 85% 

Total fresh weight of crop. 5 3 . 8  gm/sq. ft. 

Antenna path* Parallel to rows 

Antenna reference height. TOP of Crop 
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Group No.209 Surface. Oat8 

Frequency, 3 5 . 0  GHz. 

Location. OSU Farrri - -  Kenny Road 

14 June 67 a t e .  Time. 10':59 

Temperature, Humidity. 

Wind. 

Description, North edge of field 
Variety. Ohio Certified - -  Rodney 
Crop height, 28" 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

c r op moisture, 8 1% 

Total fresh weight of crop 237 gm/sq. ft. 

Antenna path. Parallel to row 

Antenna reference height. TOP of crop 
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Group No. 210 Surface. Oats 

Frequency. 10 0 GHz. 

Locatfan, 

Date. 14 June 67 Time. 13:54 

OSU Farm - -  Kenny Road 

Temperature. 

Wind, 

Humidity. 

Description. North edge of field 
Variety, Ohio Certified - -  Rodney 

Crop height. 28" 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Total fresh weight of crop. 237 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height, Top of crop 
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Group No, 21 1 Surface, oats 

Frequkncy, 148 GHZ. 

Location, OSU Farm -- Kenny Road 

a t e ,  14 June 67 Time, 14:17 

Temperature. Humidity. 

Wind, 

I)escription. North edge of field 
Variety, Ohio Certified -- Rodney 

Crop height, 28” 

Row spacing, 711 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Ahtenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 212 Surfae e, Oats 

Frequency. 10.0 GHz. 

Location. OSU Farm - -  Kenny Road 

Date, 15 June 67 Time. 10:45 

Temperature. 

Wind. 

Humidity. 

Description. North edge of field 
Variety. Ohio Certified - -  Rodney 

Crop height. 28" 

Row spacing. 7"  

Ground cover. 

Soil moisture. 

Crop moisture. $1010 

Total fresh weight of crop. 237 gm/sq. ft, 

Parallel to rows  Antenna path. 

Antenna reference height. TOP of crop 
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Group No.213 Surface. Oats 

Freque.ncy, 1.8 GHz. 

Location, OSU Farm - -  Kenny Road 
Date. 15 June 67 Time. 11:10 

Temper at ur e.  

Wirid, 

Humidity, 

Crop height. 28" 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Total fresh weight of crop. 237 gm/sq, ft, 

Antenna reference height. Top of crop 
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Group No. 214 Surface, Soybeans 

.Frequency. 35.0 GHz. 

Location. OSU Farm -- West of the University Airport (h Scott Field) 

Date. 26 June 67 Time. 1 1 ~ 2 5  

Temp e r atur e, Humidity. 

Wind, 

Description. South edge of field 
Variety. Chippewa 64 

Crop height. 911 

Row spacing. 3011 

Ground cover. 

Soil moisture. 

Crop moisture. 80% 

Total fresh weight of crop. 9. 3 gm/sq. A, 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group Na. 215 Surface. S0~be-s  

Frequency, 10,O GHz, 

Location, OSU Farm - -  Don Scott Field 

Date. 26 June 67 Time, 09:13 

Tempe rat ur e Humidity, 

Wind, 

Desckiptian, South edge of field 
Variety. Chippewa 64 

Crop height. 9'' 

Row spacing, 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 80% 

Total fresh weight of crop. 9 . 3  gm/sq. ft, 

Antenna path, Parallel to rows 

Antenna reference height. Top of crop 
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Group No.216 Surface, Soybeans 

Frequency. 1.8 GHz, 

Location, OSU Farm - -  Don Scott Field 

Temperature, Humidity. 

Wind. 

Crop height. 9'' 

Row spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 80% 

Total fresh weight of crop. 9 . 3  gm/sq. ft. 
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Group NO. 217 Surface. Soybeans 

Frequency, 35,o CHz, 

OSU Farm - -  Don Scott Field Location. 

Date, 27 July 67 Time. 1o:oo 

Tempe rat ur e , 

Wind. 

Humidi t y. 

Description. South edge of field 
Variety, Chippewa 64 

Crop height, 24" 

Row spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 81% 

Total fresh weight of crop. 94.4 gm/sq, ft. 
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Croup No. 218 Surface, Soybeans 

Frequency, 10 .0  GHz. 

.bc&lfon, OSU Farm - -  Don Scott Field 

Date* 27 July 67 

Temperature, Humidity. 

Time. 1 3 ~ 5 7  

Crop height. 24" 

Row spacing. 30 

tiround cover. 

Soil moisture. 

Crop moisture. 8 1% 

Total fresh weight of crop 94.4 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Gratjp Na, 219 Surface, Soybeans 

Frequency, 1.8 GHi, 

Location. OSU Farm - -  Don Scott Field 

Date. 27 July 67 Time. 14:'15 

Temper stur e. 

Wind, 

Humidity. 

Description, South edge of field 
Variety. Chippewa 64 

Crop height. 2411 

Row spacing. 30 '' 
Ground cover. 

Soil moisture. 

crop moisture. 81% 

Total fresh weight of crop 94 4 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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C ~ Q U ~  No.220 Surface, Soybeans 

Frequency. 35.0 GHz. 

Location. OSU Farm - -  Don Scott Field 

Temper at ur e. Humidity. 

Wind. 

Description, South edge of field 
Variety. Chippewa 64 

Ckop height. 30" 

Row spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 82% 

Total fresh weight of crop 86 .3  gm/sq, ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Croup Na, 221 Suzface. Soybeane 

Temper at ur e. 

Wind, 

Huamidi t y. 

Crop height. 30" 

Row spacing. 30 1 1  

Ground covero 

Soil moisture. 

Crop rncisture. 82% 

Total fresh weight of crop. 86. 3 gm/sq, ft, 
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Group No.222 Surface, Soybeans 

Frequency. 1,8 GHz. 

Location, OSU Farm - -  Don Scott Field 

Date. 1 1  Aug 67 Time. 10~27 

Temper a tur e. Humidity. 

Wind, 

Description, South edge of field 
Variety. Chippewa 64 

C rop height. 30 ( 1  

Row spacing. 30'1 

Ground cover. 

Soil moisture. 

Crop moisture. 82% 

Total fresh weight of crop. 86.  3 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Location. OSU' Farm - -  Dopl Scott Field 

Date,, 1 SePt 67 Time. 14:O I 

Tempe r at ttr e Humidit ye 

Wind. 

Crop height,, 32" 

RQW spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 67% 

Total fresh weight of crop 112 gm/sq. ft. 

Antenna path, Parallel to rows 

Anteqna reference height. Top Of crop 
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Frequency. 10.0 GHz. 

Location. OSU Farm - -  Don Scott Field 

Date. 1 Sept 67 Time. 10:11 

Tempe rat ur e,  

Wind. 

Humidity. 

Description, South edge of field 
variety. Chippewa 64 

Crop height, 32" 

ROW spacing. 30'' 

Ground cover. 

Soil moisture. 

crop  moisture. 67% 

Total fresh weight of crop. 112 gm/sq, ft. 

Antenna path. Parallel to rows 

Antenna reference height. Of 
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Frequency. 1.8 GHz, 

Location, OSU Farm - -  Don Scott Field 

Time, Date, 1 Sept 67 14:O 1 

Tempe rat ur e. 

Wind, 

Humidity, 

Description, South edge of field 
Variety. Chippewa 64 

ROW spacing. 30” 

Ground eover. 

Soil moisture. 

Crop moisture. 67% 

Total fresh weight of crop. 112 gm/sq. ft, 

Antenna path. Parallel to rows 

Antenna reference height. TOP of crop 
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Group Nd, 226 Surface, Soybeans 

Frequency, 3 5 . 0  GHz. 

h c a t h n ,  OSU Farm - -  Don Scott Field 

Date. 15 Sept 67 Time. 10:40 

Tempe rat ur e Humidity. 

T)escription, South edge of field 
Variety. Chippewa 64 

Crop height. 28" 

Row spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 2% 

Total fresh weight of crop. 38 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. TOP of crop 
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Group NO, 227 Surface, Soybeans 

Frequency, 10.0 GHz, 

Location. CEXJ Farm - -  Don Scott Field 

Date, 15 Sept 67 Time, 13525 

Temp e r at ur e a 

Wind, 

Humidity. 

Description, South edge of field 
Variety, Chippewa 64 

Crop height, 28" 

Row spacing. 3011 

Ground cover. 

Soil moisture. 

Crop moisture. 25'0 

Tobl  fresh weight of crop. 38 gm/sq. ft, 

Antenna path, Parallel to r o w s  

Antenna reference height. Top of crop 
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Croup No, 228 Surface, Soybeans 

Frequency, 1.8 GHz. 

Location, OSU Farm - -  Don Scott Field 

Date. 15 SePt 67 Time. 

Temper at ur e. 

Wind, 

Humidity. 

Description. South edge of field 
Variety. Chippewa 64 

Crop height. 28''  

Row spacing. 30" 

Ground cover. 

Soil moisture. 

Crop moisture. 2% 

Total fresh weight of crop. 38 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No,300 Surface; Oats 

Location, OSU Farm - A  West of ElectroScience Laboratory 

Date. May 68 Time. 14: 20 

Temperature . 20% Humidity. 50% 

Wind. 6 - 10 mph 

De sc ription, oats,  green 
Ohio Certified - Rodney 

Crop height, 10 " 

Row spacing. 7"  

Ground cover. 75Yo 

Soil moisture. 9% 

Crop moisture, 84% 

Total fresh weight of crop. 123 g:;'M/Sq. ft. 

Antenna path, Parallel to rows 

Antenna reference height. Top of crop 
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Croup No. 301 Surface. oat s 

Frequency, 10.0 GHz, 

Location, OSU Farm - West of ElectroScience Laboratory 

Date, 7 h a y  68 Time. 13:30 

Temperature. 16  O C Humidity. 40 % 

Wind. 6 10 mph 

Description. Oats, green 
Variety. Ohio Certified - Rodney 
Crop height. 10" 

Row spacing. 7" 

Ground cover. 75% 

Soil moisture. 9% 

Crop moisture. 84% 

Total fresh weight of crop 123 gm/sq. ft. 

Antenna path. Parallel t o  rows 

Antenna reference height. Top of crop 
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Frequetacy, 15.0 GHz. 

Location, 

Date* 8 May 68 Time, 1o:'oo 

Temperrature, Humidity. 

OSU Farm - West of ElbctroScience Laboratory 

Wind. 6 - 10 mph 

Description, Oats, green 
Variety. Ohio Certified - Rodney 

Crop height. 10" 

Row spacing. 7" 

Ground cover. 75% 

soil moisture. 9% 

Crop moisture. 8470 

Total fresh weight bf c r o p  123 gm/sq, ft. 

Antenna path, Parallel to rows 

Antenna reference height. Top of crop 
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Group No, 303 Surface. oats 

Frequency.35.0 GHz. 

Location. 8SU Farm - West of ElectroSciance Laboratory 

Date. 8 May 68 Time. 10:Oo 

Temperature. Humidity, 

Wind. 6-10 mph 

Description, Oats, green 
Variety. Ohio Certified - Rodney 

Crop height. 1011 

Row spacing. 7" 

Ground cover. 75% 

Soil moisture. 9% 

Crop moisture. 84% 

Total fresh weight of crop. 123 gm/sq.ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Temperature. 3 1 " ~  Humidity. 

Wil?.ld, 

De ec: ription, Oaks, green., in head 
Variety. Ohio Certified Rodney 

Soil moisture. 
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Group 2 4 0 ~  305 Surface, Oats 

Frequency, lo* ' GHz, 

Location, OSU Farm - West of ElectroScience Laboratory 

Date. 7 June 48 Time. 10:30 

Tempe rat ur e. 

Wind. 

Humidity. 

Description. Oats, green in head 
Variety, Ohio Certified - Rodney 

Crop height. 3611 

Row spaeing. 7 "  

Ground cover. 100% 

Soil moisture. 

Crop moisture. 83.370 

Total fresh weight of crop. 380 gm/sq. ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 



Group No. 306 Sur €ac e. Oats 

Frequency, 15.0 GHz. 

Location. OSU Farm - West of ElectroScience Laboratory 

Date. 7 June 68 Time, 14:20 

Temperature  e Humidity. 

Wind. 

Crop height, 36" 

ROW spacing. 7 "  

Ground cover. 100% 

Soil moisture. 

Crop moisture. 83. 3y0 

Total f r e sh  weight of crop. 380 gm/sq, ft. 

Antenna path. Paral le l  to rows 

Antenna reference heigl1t. Top of crop 
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areup No, 304 Surface. oat B 

Frequency, 3 5 . 0  GHz. 

Location. OSU Farm - West of ElectroScience Laboratory 

Bate. 7 Jme  68 Time, 14:20 

Te tnpe r at ur e Humidity. 

Wind, 

beBcfiptiona Oats green, in head 
Ohio Certified - Rodney 

Crop height. 36" 

Row spacing. 7 "  

Ground cover, 100% 

Soil moisture. 

Crop moisture. 8 3 . 3 %  

380 d s q .  ft. Total fresh weight of crop. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 308 Surface. me at 

W Qndr 

De I c ription. %%eat, On head 
Va P Be ty. 

Ckop height. 48" 

ROW spacirilg. 711 

Ground cover. 100% 

soil moistdrer 

Crop rnoj.stur& 67 7% 

Antenna path. Parallel t o  rows 

Antenna reference hdight. Top of crop 



Time. 11:oO 

Humidity. 

Group No. 309 Surface. Whe at 

Frequency. 10 0 GHz. 

Location. OSU Farm 

Date. 1 July 68 

Temper at ur e I 

Wind. 

Description. Wheat, in head 
Variety. 

Crop height. 4811 

Row spacing. 7" 

Ground eover. 100% 

Soil moisture. 

Crop moisture. 6'7% 

Total fresh weight of crop 240 gm/sq. ft. 

Antenna path- Parallel to rows 

Antenna reference height. Top of crop 
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Choup No, 310 Surface, W'he at 

Crop height. 4811 

Ground cover. 100% 

c rog moisture. 6770 

Total fresh. weight of c r o p  240 gm/sq, ft. 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No. 3 1 1  Surface. Wheat 

Frequency. 35.0 GHz. 

Location. OSU Farm 

Date. 1 July 68 Time. 14:30 

Tempe rat ur e. 3 2O c Humidity. 

Wind. 

Description. Wheat, in head 
Variety. 

Crop height. 4811 

Row spacing. 7" 

Ground cover. 100% 

Soil moisture. 

Crop moisture. 6770 

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Croup No, 312 Surface, Oats 

Frequency. 1.8 CRz. 

Location, bSU Farm - West  of ElectroScience Laboratory 

Date, 31 July 68 Time, 1o:OO 

Temper at ur e, 

Wind, 

Humidity. 

Description, Oats, ripe, partially flattened 
Variety. Ohio Certified - Rodney 

Crop height. 36" (standing), 20" (flattened) 

Row spacing' 7 "  

Ground cover. 

Soil moisture. 

Crop moisture. 36% 

Total f r e s h  weight of crop. 130 gm/sq. f t .  
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Group No. 313 Surface. oats 

Frequency. 10 0 GHz. 

Location, 

Date. 30 July 68 Time. 15:30 

OSU Farm - West  of ElectroScience Laboratory 

Humidity . Temp e r at ur e. 

Wind. 

Description. Oats ripe 
Variety. 

partially flattened 
Ohio Certified - Rodney 

Crop height. 

Row spacing. 7" 

Ground cover. 

Soil moisture. 

36" (standing), 20" (flattened) 

Crop moisture. 36% 

Total f resh weight of c r o p  130 gm/sq. ft. 

Antenna path, Parallel to r O W S  

Antenna reference height. Top of crop 
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Group No. 314  Surface. Oats 

Frequency, 35 .O GHz. 

Location, OSU Farm - West of ElectroScience Laboratory 

Date. 31 July '68 

Temperature. Humidity. 

Time. 1 O : O O  

Wind. 

Description. Oats, ripe, partially flattened 
Variety. Ohio Certified - Rodney 

Crop height. 36" (standing), 20" (flattened) 

Row spacing. 7 " 

Ground cover. 

Soil moisture. 

Crop moisture. 36% 

Total f resh weight of crop. 130 gm/sq.ft.  

Antenna path. Parallel to rows 

Antenna reference height. Top of crop 
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Group No, 315 Surface. Soybeans, Irrigated 

Frequency. 1 0 , o  GHz. 

Location. 

Date. 7 Aug. '68 Time. 10:20 

OSU Farm - -  Don Scott Field 

Temper at ur e. Humidity. 

Wind. 

Description. Soybeans, irrigated, green 
Va r ie t y. 

Crop height. 40" - 44" 

Row spacing. 18" 

Ground cover. 100% 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group NO, 316 Surface, Soybeans, non- irrigated 

Frequency. 1 ,8  GHz. 

Location. 

Date. 14 Aug. '68 Time. 15:40 

OSU Farm - -  Don Scott Field 

Temp e r a  t ur e. Humidity. 

Wind, 

Description. Soybeans, non-irrigated, green 
Variety. 

Crop height. 30" - 38" 

Row spacing, 18" 

Ground cover. 80% 

Soil moisture. 

Crop moisture. 

Total f resh weight of crop. 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group No. 317 Surface. Soybeans, Non-irrigated 

Frequency. 10.0 GHz. 

Location. OSU Farm - -  Don Scott Field 

Date. 14 Aug. '68 Time. 10:25 

Temperature. Humidity. 

Wind. 

Description. Soybeans, non-irrigated, green 
Variety. 

Crop height, 30" - 38" 

Row spacing. 18" 

Ground cover. 80% 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop. 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group No. 318 Surface. Soybeans, Non-irrigated 

Frequency, 3 5 ,  OGHz. 

Location. 

Date. 14 Bug. '68 Time. 15:40 

OSU Farm - -  Don Scott Field 

Temperature. Humidity. 

Wind. 

De S C  ription. Soybe ans , non - irrigated, green 
Variety,, 

Crop height. 30" - 38" 

Row spacing. 18" 

Ground cover. 80% 

Soil moisture. 

C r op moisture* 

Total f resh weight of crop. 

Antenna, path. Across rows  

Antenna reference height. 24" above ground 
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Group No. 319 Surface. Bare Soil 

Frequency. l o .  o GHz. 

Location. 

Date. 27 Aug. '68 Time. 14:50 

OSU Farm - - West of ElectroScience Laboratory 

Temperature. 2 3 . 5 " C  Humidity. 7 5% 

Wind. 8 mph 

Description. Bare soil, freshly plowed, 8"- 12" dia. clods 
V a r ie t y. 

Crop height. 

Row spacing. 

Ground cover. 

Soil temperature. 23.5"C (surface), 21°C (3"), 18.5OC (9") 

Crop moisture. 

Total fresh weight of crop. 

Antenna path. 

Antenna reference height. 
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Group No, 320 Surface. Ba re  Soil 

Frequency, 10 .o GHz. 

Location. OSU Farm - W e s t  of ElectroScience Laboratory 

Date. 2 8  Aug. '68  Time. 10:30 

Temperature ,  20  5 O C Humidity. 50% 

Wind. 3 mph 

Description. Ba re  soil,  freshly disced, 4" dia. clods, 2"-3" high ridges 
Variety. 

C rop height. 

Row spacing. 

Ground cover. 

Soil temperature .  26°C (surface) ,  25.5OC (l"),  20.5OC (3"),  
18.5OC (9") 

Crop moisture. 

Total f r e s h  weight of crop. 

AntenRa path. 

Antenna reference height. 
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Group No. 321 Surface. Soybeans, Irrigated 

Frequency. 10. OGHz. 

Location. 

Date. 3 Sept. '68 Time. 14:20 

Temperature. Humidity. 

Wind. 

OSU Farm - Don Scott Field 

Description. Soybeans, irrigated, green 
Variety. 

Crop height. 36" - 40" 

Row spacing. 18" 

Ground cover. 100% 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop 

Antenna path. Across rows 

Antenna reference height. 24" above ground 

C- 98 



Group No. 322 Surface. Soybeans, Non-irrigated 

' Frequency, 10.0 GHx. 

Location. OSU Fa rm - -  Don Scott Field 

Date. 3 Sept. '68 Time. 15:OO 

Temper at  ur e, Humidity. 

Wind. 

Description, Soybeans, non-irrigated, green 
Variety. 

Crop height. 32'' - 36''  

ROW spacing. 18" 

Ground cover. 7570 

Soil moisture. 

Crop moisture. 

Total f resh  weight of crop. 

Antenna path. Across rows 

Antenna reference height. 24'' above ground 
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Group NO. 323 . Surface. Soybeans, Irrigated 

Frequency. 10.0 GHz. 

Lo ea tion, 

Date. 12 Sept. ' 68  Time. 15:50 

OSU Farm -- Don Scott Field 

Temper a tur e .  Humidity. 

Wind. 

Description. Soybeans, irrigated 
Variety. 

Crop height. 36" 

Row spacing. 18" 

Ground cover. 100% 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group No. 324  Surface, Soybeans, Non-irrigated 

Frequency. 10 .O GHz. 

Location. 

Date. 1 2  S e p t .  '668 Time, 16:05 

Temperature.  Humidity. 

Wind. 

O§U Farm - -  Don Scott Field 

Description. Soybeans, non- irrigated 
Variety. 

Crop height. 30" 

Row spacing. 18" 

Ground cover. 757, 

Soil moisture. 

Crop moisture. 

Total f r e s h  -weight of crop. 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group No, 325 Surface. Sorghum 

Frequency, 10 0 GHz. 

Lo e a tio n. OSU Farm - -  Don Scott Field 

Date. 27 Sept. '68 Time. 11:OO 

Tempe ra t  ur e Humidity. 

Wind. 

Description. Sorghum, green, tasseled 
Variety. 

Crop height. 48" (top of leaves), 68" (top of tassels) 

Row spacing. 

Ground cover. 100% 

Soil moisture. 

Crop moisture. 

Total f resh  weight of c r o p  

Antenna path. Across rows 

Antenna reference height. 48" above ground 
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Group No. 326 Surface. Soybeans, Irrigated 

Location, OSU Farm - Don Scott Field 

Tempe I at u r  e. 

Wind. 

Humidity, 

Description. Soybeans, irrigated, ripe 
Variety. 

Crop height-. 40" 

Row spacing., 18" 

Ground cover. 

Soil moisture. 

Crop moisture. 

Total fresh weight of c r o p  

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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Group No. 327 Surface. Soybeans, Non-irrigated 

Frequency, 10.0 GHz, 

Location OSU Farm - Don Scott Field 

Date. 27 Sept. '68 Time. 14:30 

Temp e r at ur e. Humidity . 
Wihd, 

Description. Soybeans, non-irrigated, ripe 
Variety. 

Crop heighL 32" 

Row spacing. 18" 

Ground cover. 10% 

Soil moisture. 

Crop moisture. 

Total fresh weight of crop 

Antenna path. Across rows 

Antenna reference height. 24" above ground 
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