
Le
ture 9: HolographyMotivationAt high frequen
ies, antenna surfa
e error�sf = exp[�(4��� )2℄dominates the overall aperture eÆ
ien
y �A. Howwould one measure the surfa
e error � and im-prove the aperture eÆ
ien
y?Classi
al Methods:� radial template� theodolite and prisms� modulated light beams� mi
rowave transmitterDisadvantages: time 
onsuming and diÆ
ult,limited elevation ranges, size limits, et
.



Re
all: Fourier Transform pair,E(x; y) *) G(�; ")For example,(
ir
ular aperture) *) (Bessel fun
tion)
Complex illumination fun
tionand the di�ra
tion pattern of anaperture form a Fourier Trans-form pair.



General Con
epts:
� measurements of 
omplex pairs of theantenna beam pattern (i.e. ampli-tude and phase { thus needs a phasereferen
e)� spatial resolutionD=� is determinedby angular resolution ��=D� Nyquist sampling at �=D (
omplexnumbers)� Two distin
t modes:{ single dish observations with a �xedse
ond antenna/feed{ interferometri
 observations



Observations: To map antenna diameterD at D=� resolution,� map the beam pattern over ���=D� raster or on-the-
y mapping and re-grid the data
Example: SMA at 230 GHz� = 1:3 mm, D = 6 meterdesired resolution = 5 
m�=D = 0:0002167 rad � 4500map size = 4500 � 6005 = 1:5Æ(129� 129 
ells)



Data Analysis:� Interpolate the data in 2-D grid� Amplitude and phase 
orre
tion� Some tapering to redu
e the sidelobes� Fourier Transform� Some 
orre
tions and masking for di�ra
-tion fringes due to antenna edge, feed-legs, the 
entral blo
kage� Feed displa
ement 
orre
tions (point-ing, fo
us, and aberrations)� The 
orre
ted phase map is estimateof the surfa
e error normal to thewavefront. Now derive the errorsnormal to the antenna surfa
e!� Adjust panels and start over!



Choi
e of Observing Frequen
y:
� The lower the frequen
y, the smallerthe phase 
hange for given �, and sothe higher the S/N requirement.� If frequen
y too low, then di�ra
tione�e
ts signi�
ant� The lower the frequen
y, the largerthe mapping area in the sky� Tsys generally higher at higher freq.� Astronomi
al sour
es fainter at higherfreq.� No satellite bea
ons above 30 GHz� Transmitters limited to low and �xedelevation



Sensitivity Requirements� measurements over a range of angles��=D� a single pat
h 
ontribute only 1=�2to total measurement� an error � 
ontributes only 4��=�2�� signal from �2 pat
hes 
ombined inthe F.T.If S=N = R in the main beam, then�=�� � R or �� � ��=4�R
Example: to measure � for SMA an-tenna to 1 �m,R = ��=4��� = 120� 13004� � 1 � 104!


