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SUMMARY

The g ro ss  and nett gains of eight disks of the 
20 disk la se r  am plifier w ere m easured  for pump pow ers 
of 18 to 58 joules p e r cc. The maximum g ro ss  gain 
was 1.9 com pared to a value of 2. 7 expected from  
published data.

M easurem ents w ere made to show if the gain 
was reduced by depletion of the la se r  inversion as the 
re su lt of la se r  action with individual d isks. In fact, 
such oscillations did not occur.
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Figure 1. The la se r disks and X e lamps mounted in enclosure with aluminium 
reflecting surfaces and glass filte rs  to absorb u ltra  violet radiation.



1 . INTRODUCTION

A la se r am plifier, using disks of neodymium g lass , has been 
built to dem onstrate the feasib ility  of providing power from  the homopolar generator 
in the D epartm ent^) for driving large la se rs  and providing powerful la se r  beam s for 
re sea rc h , This prototype model incorporates disks large enough to amplify a beam 
44 mm in d iam eter by a factor of ten if fully pumped. The maximum potential output 
is  100 GW in a nanosecond pulse o r 20 TW for a picosecond pulse.

2. GAIN AND LOSS MEASUREMENTS

+3
Four p a irs  of Nd g lass  disks w ere used in these te s ts  of the 

am plifier supplied with pump energy from  the homopolar generato r via a tran sfe r 
inductor(2). The lam ps and disks w ere mounted as shown in Figure 1. P u lses of 3 
joules in 8 nanoseconds w ere supplied from  the 16 mm diam eter rod am plifier. This 
beam  was made to diverge by 4. 5 m rad and it en tered  the f ir s t  disk with a d iam eter 
of about 25 mm and reached the final disk with a d iam eter of 40 mm.

Loss of Power in Disks

Between am plifier pulses the loss of la se r  beam energy due to 
passage through the disks, was m easured . The re su lts  w ere:

Date M easurem ents over 
3 p a irs  of d isks

Calculated over 
10 p a irs  of disks

14.11.72 I out/I in = 0.85 0.582

16.11.72 0.80 0.475

Rounding off - take at 0. 5 for 10 p a irs  or 0. 963 per disk.

The G ross Gain produced by the four p a irs  of disks was m easured 
by energy m eters  and vacuum photodiodes. The re su lts  a re  plotted in F igures 2 and 
3. The maximum energy supplied, up to the tim e of the la se r  pulse, was 6,400 
joules per disk. The g ross gain was then 1.9 for the four p a irs  of disks or 5 for the 
full am plifier of ten p a irs . The loss for ten p a irs  would be 0 .5 , giving a nett gain 
of 2 .5 .

The very wide sca tte r on the re su lts  is  mainly due to the sm all 
signal coupled into the input beam  m onitors which allowed the readings to be 
significantly affected by in terference  from  the flash lam ps.
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Figure 3. G ross gain from  eight d isks, m easured  by m eans of vacuum photodiodes 
and a high speed oscilloscope. Slight varia tions in the shape of the 
pu lses w ere ignored and the peak readings w ere taken to obtain the gain.
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3. INTERPRETATION AND COMPARISON OF RESULTS

The la se r  pulse occurred 760 /us. after the s ta r t  of the flash lam ps. 
The pump energy up to this tim e was calculated by summing the values obtained from  
the product of the cu rren t and voltage for 200 /us. in te rva ls , that is S V ^ S t .  This 
showed the average power (from zero tim e to 760 /us.) to be 0.76 x peak power, and 
the energy to be 0. 5 x the energy initially in the inductor. The following Table 1 
could then be calculated.

Table 1

Rotor Speed Stored Energy 
joules

Pump Energy 
into 8 Disks 
in 760 /us.

Energy per cc 
of g lass, J  per cc

100 31,800 15,900 18.2

120 45,800 22,900 26.3

140 62,300 31,100 35.7

160 81,400 40,700 46.7

180 103,000 51,000 58.5

Curves provided by A m erican Optical indicate that a g ross gain of 
2.7 should have been observed when these disks w ere pumped at 58. 5 J  per cc, if the 
coupling between the lam ps and the g lass was as efficient as th e irs , w hereas a value of 
only 1.9 was observed.

It was thought that the low gain was due to depletion of the excited 
state by stim ulated em ission  reflected  along a m ultiple path through the d isks; that 
is, super-rad iance  with regeneration . Accordingly, a single light house with one disk 
was set up and powered from  the electro ly tic  capacito rs to study the em ission of 
1. 06/urn radiation from  the disk, to determ ine what depletion m echanism s w ere 
involved.
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Figure 5. F lash lamp output as a function of tim e.
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Figure 6. F luorescent rad iation  with wavelength of 
1.06 Mm as a function of tim e for various 
pump power levels.



4. M EASU R EM EN T OF SPONTANEOUS AND S T IM U LA T E D
EMISSION FROM  A D ISK .

One lig h t house was mounted as in d ica ted  in  F ig u re  4.
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F ig u re  4. Showing a photodiode m ounted to  de tect 1 .06  //m  
ra d ia tio n  fro m  a Nd+^ g lass  d is k . The same 
diode was used to  observe  the fla sh  lig h t 
w ithou t the Nd+3 g lass and f i l t e r .

The PIN*photodiode was used to  m easure  the 1 .06 jum ra d ia tio n  fro m  the 
d is k  and when the d isk  and f i l t e r  w e re  rem oved  the lig h t f ro m  the fla sh  tubes alone 
was re co rd e d . The d isks  w e re  mounted in  the ho lde rs  used in  the la s e r a m p lif ie r  
w ith  po lished  s tee l bands to  secure  them .

The wave fo rm  o f the pump lig h t is  shown in  F ig u re  5 w h ich  ind ica tes  a 
decay t im e  constant o f 1 .4  m s.

F ig u re  6 shows the in te n s ity  o f the 1 .06  ra d ia tio n  fo r  d if fe re n t pump 
ene rg ies  as ind ica ted  by the values on the cu rve s . The va lues m easured  fro m  these 
tra c e s  a re  tabu la ted in  Table  2.

* S em i-conduc to r photodiode co ns is ting  o f P -typ e , in t r in s ic ,  and N -type  
la y e rs .
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TABLE 2

C apacitor
Voltage

Volts

Energy Into 
two disks 
Joules

Max. Intensity 
of 1.06 ju m Rad’n 
A rb itrary  Units

Time to Max. 
Intensity  

ms

Ratio
Max. Intensity 

Int. at 2 m s

600 2,900 0.82 1.1 1.26

700 3,900 1.15 1.05 1.31

800 5,100 1.42 0.98 1.29

900 6, 500 2. 05 0.90 1.41

1000 8,000 2. 57 0.90 1.47

1100 9,700 3.15 0.87 1.54

1200 11,500 3.79 0.83 1.61

The Table shows two significant trends which indicate the 
origin of the radiation. F irs tly  the tim e from  the s ta r t  of the pump light to the 
maximum em ission  varies little  for pump energy le ss  than 5, 000 joules, but as the 
energy in c reases  from  5, 000 to 11, 500 joules, the tim e to the peak intensity of the 
rad iation  drops from  0. 98 ms to 0. 83 m s.

Secondly, the ra tio  of the peak intensity  to the intensity  at 
2 m s is constant for pump energy le ss  than 5, 000 joules (22.9 joules per cc of glass) 
but it in c reases  significantly at the higher energ ies.

If the spontaneous fluorescence decay tim e constant for this 
g lass is  750 ^ s  and the pump light has the wave form  shown in Figure 5, the inversion 
of the levels in the Nd+3 would follow the points plotted in Figure 7. The intensity  of 
the fluorescence observed when the capacitor was changed to 700 V is  rep resen ted  by 
the curve in Figure 7. Thus the lower th ree  tra c e s  of Figure 6 a re  produced by 
spontaneous em ission. When the total pump energy per pulse exceeded 5, 000 joules, 
some stim ulated em ission  (super-rad iance) occurred , leading to an e a r lie r  maximum 
and m ore rapid reduction tow ards the spontaneous decay curve. The effects a re  sm all 
up to the maximum pump energy shown in Table 1, namely 58. 5 joules per cc supplied 
from  the homopolar generato r when running at 180 r .p .m .  If a regenerative path 
occurred  within the disk a sharp  b u rs t of radiation would be em itted, lasting for less  
than a jus. If this did not occur in the d irection  of observation its  intensity  would be 
such that sca tte red  rad iation  would have been observed and the depletion of the 
inverted population would lead to a reduction of the subsequent spontaneous em ission 
in the d irection  of observation. Such discontinuities w ere not observed even when 
curves such as those shown in Figure 6 w ere recorded  on a fa s te r tim e base.
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F igure  7. The points show the ca lcu la ted  values fo r the 
in v e rs io n  (in a rb i t r a ry  units) p roduced  by a 
ligh t pu lse of the fo rm  shown in F igure  5, and 
a flu o rescen ce  decay constan t of 750 yus.
The curve is  the flu o rescen ce  m easu red  when 
the lam p energy  w as 4, 000 jou les .

If s trong  su p e r-ra d ia n c e  w ere  excited  the du ra tion  of the 
em iss io n  would co n tra c t, and the peak in ten sity  would be high com pared  to the 
spontaneous em issio n . F igure 8 shows the peak values, m easu red  from  F igu re  6, 
p lo tted  again st to ta l pump energy . It is  c le a r  tha t, over tha t energy  range, su p e r­
rad ian ce  w as not g re a t, and no re g e n e ra tiv e  am plifica tion  w as o ccu rrin g . The 
su p e r-ra d ia n c e  could reac h  sp ec ta cu la r  m agnitude at h igher pump energy  as 
il lu s tra te d  by F igu re  5 .8  in R o s s ’s book ’̂ L aser Light A m plifie rs  and O sc illa to rs" , 
page 83, w here  su p e r-ra d ia n c e  having 10 tim es  the pow er level of the spontaneous 
em issio n  fro m  a ruby  rod  is  re c o rd e d .

Since th e se  m e asu re m en ts  show th a t the d isk s  w e re  not pum ped to 
a level w here  se v e re  su p e r-ra d ia n c e  o c c u rre d , the lo ss  of gain m ust ind icate  tha t 
the lam ps a re  not w ell coupled to the d isk s . This has p rom pted  fu r th e r  w ork to 
im prove the design  of the lam p e n c lo su re s .
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in tensity  of f luo rescence  and pump energy .
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