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Figure 2. Photograph of white field portion of object transparency.

the image with an RCA 931A photomultiplier tube for detection of the signal.
The third system was a Hewlett-Packard 8553B spectrum analyzer.

A block diagram of the apparatus used for the noise measurements with the
television readout apparatus is shown in Fig. 3. The detected image magnified
1.25 times is viewed first on a Tektronix model 529 waveform monitor on which
single or multiple lines or fields can be displayed. The TV signal is then fed
to an RCA-developed image Nicer,x and then to the Conrac monitor. The signal
can either bypass the image slicer for direct viewing on the monitor or be
processed by the slicer, and the result displayed on the monitor.

In the image slicer, the ac-coupled video signal is added to a dc voltage
controlled by a helipot. The sum is fed to a nonlinear circuit whose voltage
transfer function is a negative going pulse of approximately Gaussian shape,

o

0.7 V in output amplitude, and about 0.014 V wide at the 507% points. When the
output of this device is fed to the momitor, all portions of the video signal
which fall within +0.007 V of the voltage set by the helipot appear as white

areas on the screen. When the dc level set corresponds to blanking level, the

device puts out a 0.7 V blanking waveform which causes the entire monitor screen

*
E. C. Fox, private communication.









Figure 5. Waveform monitor oscilloscope tracing of a sin le TV line
g P
f

of the image of the 100th hologram recorded and fixed.
The signal has a side-to-side rolloff due to nonuniformity
of the recording light beams.
side-to-side image intensity. In summary, we exclude from our definition of

image noise those variations in signal amplitude that are due to fluctuations
in the recording apparatus or to correctable defects such as the beam size.

The S/N ratio is defined as the ratio of the light intensity to the rms
fluctuation of the light intemsity. For both the TV camera tube and the photo-
multiplier tube the output current is proportional to the incident light inten-

sity. The S/N ratio, SKR, expressed in dB is then:
R = 2 i )y = 2 i /4
SNR = 20 IOg(I/Irms) 20 lOg(l/lrmS) (1)

where I is the signal light intensity and Irms is the rms fluctuation in the
light intensity, i is the detector output current, irms is the rms fluctuation
in the tube current. We measure the peak-to-peak noise using either of the
above systems. In terms of the peak-to-peak noise intensity Ipp or output

current ipp fluctuations, the S/N ratio is

SNR

20 log(2V2 1I_/1 = 20 log(2V2 i /i
g( S/ 1)p) og(2v X pp)
9.03 dB + 20 log(I./I_))
S’ pp
9 3 )2 )
9.03 dB + 20 10g(1s,1pp) (2)
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Figure 6. Television image of the object transparency
(a) illuminated with a single laser beam;
jlluminated with a tungsten filament
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sional phase grating to generate a multiplicity of object

arrangement prf)dun:es a measure

of immunity or redund.n from svstem defects since each of the object beams

travels a different path ! igh the optical svstem and records a separate
subhologram with the reterence beam. 'he S/N ratio of this multiple beam

hologram is then increaset over that of a subhologram by /N, where N is the

i

| axi amount of redundancy obtainable for a
give bject and re g g been analvzed by Firester et al. [11].
In our work a two- ¢ ior n phase grati with 750 lines/inc

spatial frequency wa 2 I ice the mul of object beams. This
erating produced nine beams of approximately equal amplitude and a large number
of less intense be the tion orders. Figure 7 shows the

Figure 7. Television image of the object transparency illuminated
with multiple laser beams.

11. A. H. Firester, E. C. Fox, T. Gayeski, W. J. Hannan, and M. Lurie, RCA
Review 33, 131 (1972).
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(a) felevision ilmage of the object transparency as
in Fig. 7, but with 2.5X greater magnification in the
recording optics. (b) Spectrum analyzer tracing of

the frequency spectrum of the image shown in (a).
The grating frequency and its harmecnics are reduced
by a factor of 2 corresponding to the increased

system magnification.,









Figure 10. Television image of the (a) lst; (b) 50th, and
(c) 100th hologram recorded and fixed.
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Figure 13. Spectrum analyzer tracing at an optical magnification
2X that of Fig. 11 of the readout image from the lst
of 100 holograms. (a) over the 0 to 5 MHz frequency
range; (b) over the 0 to 10 MHz frequency range.



Figure l14. Spectrum analyzer tracing as in Fig. 13
of the readout image from the 100th holo-
gram over the 0 to 5 MHz frequency range.

remainder of the signal observed is then due to noise in the image. The spec-
trum analyzer output signals for hologram number 1 and for the transmitted ob-
ject beam with single beam illumination are plotted in Fig. 16. [The spatial
frequency scale shown in Fig. 16 is four times that in Fig. 12 due to the
differing magnifications.] Figure 16 is the derivative of the results shown
in Fig. 12 because here we are measuring the output of the camera tube over a
narrow passband at the spatial frequency of interest, while Fig. 12 shows the
dc signal/integrated noise ratio.

The results presented in Fig. 16 show that the noise decreases with in-
creasing spatial frequency over the range of frequencies measured here. The
noise is primarily low frequency in nature and is associated with the cosmetic
defects (dust, scratches, etc.) as shown in Fig. 6(a). The primary noise
source in the readout image at high spatial frequency is the redundancy device
itself.

As discussed above, the use of a redundance device reduces the noise

n the readout image by /N, where N is the number of subholograms recorded
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