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Middle and far range infrared spectroscopy. has. achieved 

good prog~ess using Fourier. interferometers ~.and "black body"_ 

radiation sources .of temperature T - 1000 ..• 1500 K.. and, 

radiation power P = 10-a .\i·in the region b.A./A. =,0.1.. Further 

increase in the efficiency of spectroscopic investigations 

depends on development of highly intensive radiation sourcca 

f,or the range ;\. 2: 100 j.lm~ 
These sources can be cyclic electron accclera.tors 

(synchrotron radiation sources (SR)), and sources of variable 

magnetic structure' (free-electron lasers (FEL)) [ 1]. The 

difference ' between a :synchrotron radiation ' source> and a 

"black·b6dy11 source used for infrared spectroscopy in the far 

IR range · i.s that spectral ·.density· of. the former decreases as 

A. - 1 while for the latter it is A. -J [2]. The· SRs radiation 

power wa's measured in·· the long wave region with the 

Brookhaven NSLS source' [1]. The· results· showed that in the 

\< spectrai range ;\' >. 100 j.lm the': power ratio ~f 'the' synchrotron 

radiation to· the· black body'. radiation is ,PsrfPb~~:;. 10 [:3) ~ 
In 'specialis-ed s'torage·~systems·'the radiat{i:m is mainly 'in the 

soft ·x:..ray' 'range and ·~aniy' ~· s~au' ·part. of · it ·is'· in the 
' '· 1 , _ . . , • "• J ' T ~ f c·.~.J? -~ ' . ' '.'( -": f '"' ~ ·•' '"• - • • 

infrared . range~· · The. SR . spectrum · is \characterised .. with a. 

parameter ·· 'A. ·• . = .· 4. 2R/~3 , where· :-R · is· the ·electron 'r'ing• 
> . > > > ') ',c > ' . ' ·• ·. ' " ; ·!''' ., ·' ' ' ' ., '( 

radius,. :-r is'''the relativistic factor• ::For the::NSLS • storage· 
ring one has' R = 2.2 iim~''A.:':;= 'sg 'A '[3]"~' To;~est'iinate ,the' 

• ' ••• • ••• -:. ·' • ' ;. .. .'; ~- 4 c . ... .. , ... , ' : . '\ _, ~': 
radiation power in the far ·rR range ·one uses the· as}rmptotic 

:: formrila '
1
(A. ~ A.c) [i] ',.. ,, · · · 

..t, ·~ c -' ~-~-i-. '' ' 
--~: 

. · : N~ '~~·t·27·_~I· · (A):·:E·(Gev) r(A.c' yl.~~~ ,ll"A · .• · 
.:-.f.!/· ,:. ·'·:·;:·~· i<'d·:.~rr··:A.. ,.,_;·. · ~' 

. . ' ~ ·-. - ~;." ', 

~-;- ·. --:·:. :~ 

, . .._, . ·: -~- ~. 

{1)' 

wtiere.I (A) is thee"le~tronring current in'amperes,:E,is the ·. ,:·. e ....... '· . · .. · .·: ·.. ..... . .. _ ....... ·. 
energy iri.:~eV: •. ~ Higher. SR.'power ·in:· the<infrared.",range·· is 

'po.~sible~' if ·one·; has 1) '•a larger ho~izo~tal apertur~::-bf' the 
' ·- ~ . . .. . . ' .. ' ' - -. 

optical channel, ·.2) a higher 'current. ~ccum:ulated ;~n the ring~· 
•• -- 1 _ _.._ 
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The available maximum values of_these parameters at the NSLS 

[3] are 

ex = 90 mrad, Ie = 750 mA, 
cz = 90 mrad 

The· ·optimum · source (with ·high pulfied 'luminosity of SR 

for the ·infrared range) is a storage· ring with· a high 

current. 

Substituting Ie 
get 

N(A) = 

Neec. 
2rrR 

liA Ne 

_,,l 

c·-·--
A R2/3 • 

Ac 
3 . . ... 

R/E 1n formula (1) we 

(2) 

Formula (2). shows that the .best radiator for the,,.IR 

range is an electron ring with .. the _mi!limal rad~\}S R and the 

maximal number of. electrons. As shown in ref. [ 4] , a , pulsed 

electron accumulator is best. suited for,. ·SR generation in a 
""' • .... r -.- •. -' .· ' , 

submillim~tre range~ The parame;ters of .the electro~ ring for 

the pulsed accumulator are: , . 
. . . i2 
R ':" 3-4cm, ~e= 20:-:25 Mey, Ne =:= 5·10., Ie = 1200-1300 ]\·[5] 

With these parameters, the radiation power, gain in .the 
• . ' . • '• • • , • . • ' . ~ '. ! • . •• 

lon,g-wave range, which depends,:, on the electronv .current 

ratio,, .. is.-200_0. _; ;< .;' , ;_·\; 

In :ref. [4] · .they_". propose. to,--~;;~.- a puls,ed_ 1 ,_e,lectron 
accelerator for_ submillimetre spectroscopy."' , of .·· . high~T 

'' .:, ~.: .• • '- :,.., ..• t·. ·' .' :_ ,_;. ·~· •. .., ~ -'< . c 
superconductors, . namely . for energy_ gap measurements by . film 

,."f ._; •, ~ .>7-.r_;· 1-.\.,._' '.f ·· ···~''· ,-,"" ,: ' ,·.-::~ "" .. _;;,, : 

transmis_sion r spectra •. Ref. [ 6] was' the first to present . the_ 

resu~ ~s ~f ,?iilm 't~ap,sm~r:>sion ~t:u~ii~,s ~ith: YBa2cu3~7 -cS o~ a 

MgO support in a synchrotron radiation beam. A fast scanning 

Mi~haels~~ int~~fero~~ter._ w~s ;tise'~' for the·s~~~~ral range 

r = (50~500). cm-1 • The measur~~ent interv~l f~r a~·-~nti~e 
. .;, ,' ,-;_ .. : '· 

spectrum was -3 min, the instrumental resolution was 

b.r.= 1cm-1 , (A/!J.A).•= '100. These.experimental results show a 

hlgh efficiency of the s;nchrot~~~ ~~di-~tion' in: sub~illimetre 
spectroscopy. .. , ;•r: · ··· 

· Before using ,a (pulsed electron accumulator as. a source 

for submillimetre spectroscopy it is·.necessary to measure ;the• 

absolute . ·power. in a : long· .wave·. range · A 2:: : 100 -11m;· where 

interference · effects . ~n;:e possible for the radiation 
·r·r7~r.::!~;'t ;~·.2· ~;;:--:<. ~>~~-

; .... ::: ·-~ ; ·. :; --·: .. ·. : 
) . ... : ~-

" 
.~· 

w~velength _ is comparable ~with the· linear dimensions- of' :~r1· 
electron density grain;· 

·! : The absolute power was also measured at· T = 4. 2~' K by an 

InSb detector with a set of narrow.:.band interference' filters.· 

The radiation power measured for _the ··vertical acceptance 

az = 30 mrad and the wavelength A ,::300Jllll was !J.Aji...~0.1 
. -5 -4 . ' ' 

P(A) = 1.5·10 W. It is 5·10 W/JJ.m in terms of the total 

_power of· radiation from the ring, the expected value of N · .is 
12 · · -4 ·. . . ·. e . • 

2·10 . , : · P(A) = 6·10 · W/JJ.m, A = 300 ~J,m. The linear relation 

of< the radiation power' and the nUmber of electrons is 

observed for any l'lUmber of el~ctrons in its 'variation range. 

" ' . 'To increase the acceptance of the,. optlcal , channef we 
developed a multimirror line with · splle'dcal ':mirrors. Th~ 
e·xperiments showed that it transferred about ~5% of the~ total 
synchrotron radiation power· to· the length· :L .;, 20_0 em. Test 

bed investigations at· the transport length· L = 20 ..!. 30 cni 

yielded the axial acceptance values about atp "" 1000 mrad. ~he 

measurements in this optical system showed that the vertical 

acceptance a z allowed all radiation ,tc,··· be co.llected: the 

value of the acceptance is a = 120 mrad for ;\ = 300.J.Lm. . z . I , 
With a multimirror optical channel of length L = ·.30 em 

'. - . '. •, . . . ' ' -3 ' 
the' pulsed SR power ·is expected to be P = 6 ·10 "' W on 

the' sample P(A)= (f""3);io-4 ;Wfllm in the band liA/A=0.1at 

~' = .. 3o'O Jlnl. The time duration of the radiation depends on 

the modes ·af electron ring formation with the (R~ Z) 
. ·. •· . . -4 .·., -2 . ' . . . . •· 

traJectory and 1s 1: = (10 -'10 ) s: the repet1t1on frequency 

is f = 1 Hz. 
The above results . allow a 'conciusi~~ that· 'a pulsed 

•, : i " ,. '. ·,. . . ' ··cj ' 12 . ., '. ;. 
electron.accumulator with the parameters Ne= 5·10 ,~R= 3_ em, 

E = 20'-2.5 :Mev makes· it possible to '· sha.pe submlllimetre 

ra'd.iation 'beams 'in :-th~ rang'e at A > .. 10C)' 1-1m, with ' a record 

pulsed power P = (5-6) ·10-3 .w in th.'e band ~A/A",.;0.1. 
Sp~btroscopic ihv~stigations with this pulsed· SR b'eam 

involvean importa:nt ta~k';of creating a pulsed'spei::trometer. 
·.For this · purpose we are · .. now . upgr~ding . an infrar~d 
m~noch~oina'tor wlth diff.~action :gratings in order. to exterid 

the spectrum range·· to 700 llln; The d~tector is "an 

3 



optic-:-acoustic 

receiver based 

receiver {OAR) .with a mylar window, and . a 

on at .helium. 

temperature. If. a 

Ge:Ga admixture conductance 

diffraction monochromator is used, the 

transmission spectrum taking time, e.g. from 50 -:- 300 J.LS, 
. . .. . -2 •' . . . •. 4 

with b."A/"A = 10 will correspond· . to .. 10 .. pulses, or about 
10-1 

3 hours. at the frequency f =.1Hz, while for b."A/"A 

t = 30 m~n. 

To study . HTSC materials for :the .. effects that manifest 

themselves as. smoot!l C:lependence ~"of ,transmission or reflection 

on the : wave-length, ,one .c~n ~roploy the .fact that durillg· 

formation of the elect:rr,on ring .in the pulsed accumulator, .. the. 

short-wave boun?,ary of the SR spectrum moves. towards shorter. 

wav~s '· i.e. time ev()~';ltion of .the spectrum . takes plac~ ., , A 

typical seal~ of time evoluthm for a typical. compressi()n 

mode .. depends on the. variation of the. ring. parameters. R. = R{t), 
,,.- -· ... '' 

1 E = E (t) and, consequently, "A = "A {t). (see Fig .1). ' .... ·, c c . .. ' 

,. 

. Fig .1. "'ariations of th~.electron 

ring radius, electron energy, .and 
' ' ~-· ' ' ' I 

~ritical ,wav~length of .the SR 

spectrum in.the chosen,time.range 
'.. i . -~ 0 • • ·, • 

of the compression cycle. 

The prompt SR power spectrum of. an-.electron ring P("A) 
'. ·. . "' ' ' . ' ' . . ' '.: '. ;.., ! -- ' '~' ' '· . ·. . 

can be describedby the.following formula [7]: 
. ,. . : __ r. ., , - ., J •• • : • ~ .. , •• .'J . . 

5/2:·,,. 2 . .; '· lXI. ,, ••. ;,,.,.. . 

P{"A) = ~;·(e c) ·;7·'("Ac) .. 3·J K (x).·dx ; (3) .· 
' • '2 . ' 3 . i\ . 5/3 . . .. 

16rr R · "Ac /"A . · · . 
. . '. ' . . ,' .. 2·' . 

where R is ring radius; 7 is the gamma .factor (; = E fmc ) ; .... . , . . . . . . ··,· ., e. 
e, m, E are the charge, mass and, energy of _electron; "A is 

~ • .,, :·. ;_ ·:..." -~--. - ••• ·;.: •• -- :· , •• _J ~ -3. -. ·,., C.)'Jt.:..; 

th~ _critica~. wav71e~_gth,,. def~~ed as "A 0 <= · 4rrRI_i .. ;
1 

K513(X) J~ 
the Macdonald function of a real argument. The distribution 

'~ • :··.:; '. ; . • . _'J . . - . • • 

maximum is on the wavelength "A = 0.42"A • 
,.·y. . .·--:.! . -:-:·;·· ._._.: mt:o : c' 

4 

·~ 

1) 

.. 

For practical calculations we-isolated·a·universal· power 

function from ~xpre;~sion · {i) :' 
lXI 

3 J f(y) =.y· K5/3{a:)~da: I Y = "Ac/"A (4) 

y 

Calculations of the· SR .power spectra at different . time 

moments of the electron ring compression cycle 
., 

shown in are 

Fig.2. 

If the sR flow is measured by a detector •. 'with the time 

constant much sma.ller than the chosen time interval and with 

the. spectral sensitivity D
0

("A), · .. the -time function of .the 

det_ector current can be represented in.the.following,form: 

lXI (•· 

Io(t) = JP[t1~c(t) ,"A] ·Do("A) •d"A . (5) 

·S 
10 

1 
~ 

.1a 

1cflf I ( 1 
·10 

"";'' 

, . 

'-~ 

Fig.2.>PromptsR power'spectra 
' . "'" 

at different moments o{ time: 

'(1) -t 
(3) -,t 

(5)-t 
,~ . ' 
'" 

= 1.7 ms, '(2)-t = 1.9'm~, 
='2.1 m~~ (4)-t = ~;3 ms, 

2.5 ms. 

l 1 ... ' '"'· -~ --~ 

Practic(lllY, one .. can ~ntegrate from .. the l.c;;w~r ;llmit "Ai = K"A 6, ·· 
where K .. is a.constant of very small value;.(e.g. for·K = 0~05 " . .,.. ~6 •t, •• - > • ·~· "!. '\ /::' .'\ '' ·: ;, ) 

P("Av"A
0

) = lO·-,J?,("A0 ,"Am))~ .to thec,;upper~ limit "Ai, where the 

d~tecte>:r; sE7~,sitiyl!-y,,is .negligible {D("A 2 ) c: ~D("Aiiia:k>) '• 
Placing the object' of interest in, front· of. the detector;s. 

we ,find .·that the: pe~etration factor. of. the object:;·.T("Ar'is 

con~~6t~·d with the .time' functiOn c)f the detector signaL·I (t) 
' . - 0 

through 'an· inte'gral·equation: . ' . 
' 5 
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Is(t)~= JP[t,lc(t) ~l]·Ds(l}·TJl)·~l 
l 

(6) 

which can easily be reduced to an integral: Voltair ec;[Uation 
of the first kind.' 

Yet, these measurements are difficult to perform because 

the total radiation power in the ring compression mode. is a 
rapidly increasing time function~ Thus, special equipment 

with ·a .. large dynamic range (-105 ) is necessary' and the 

reconstruction :accuracy of the sought-for · function T (A) 

becomes lower. The' situation' changes for the better if two 

channels are used simultaneously for SR,flow measurement a~d 

the ratio of the detector signals Is(t)/I
0

(t) is registered: 

Is(t) 
Io(t) 

l2 
f f(y)·Ds(l)·T(l)·dl 
lt 

l2 
f 

At f(y)•Do(l)·dl 

(7) 

In this case the dynamic range of measurements is 

significantly narrower (down to 102) and, which is also 

important, the experimental errors ' or the m?del 

representation of the functions R(t). and '1 (t}' produce the 

minimal effect. The function l (t) can be,easily parametrised· 
c ,. ·. . . ) ' 

in the. chosen time.: interval, .and the paramE;!t"ers can them be 

fitted by the results. of measurements ~n test objects. ' 
j l ;.The direct-problem of-calculating: the-time dependence of 

the signal Is(t)/I
0

(t) with ·different coefficients' of 

transmission 'curves .. T(l) was , solved ~ume:dcally for the 

above-mentioned measuring technique. A typical spectral 

sensitivity curve of a Ge:Gadetector'for infrared radiation, 

co~on ' for :. both cha~nels,. ·was used. The ciilcrilations were 

performed in the time' interval- 1. T-2. 5 'ms, 
1 
whi~h corresponds 

to- the scanni~g· of the 10-200 ~-tm wavelength' range by the 
short~wave boundary of .·sR. 

. In tFig.·3 there: are different- transmission coefficients 
~~ ~ -+ 

6 

i} 

l_:l I 
'l 

used in· the 'calculations. · curves 1 and 2 are· showri ·.. for 

illustration, they ar~ . the step. function. and- the Gci"ussian 

·distribution. curves 3,. 4, 5 correspond to the transmission 

coefficients of superca"nducting .films calculated by fo~ula 
( 8) : 

150 200 
~~<""""'•~ 

·'~L ~ 

Fig.3. _Transmission coefficients 

used for calculation of the time 
. . 

dependence of the signal.(1) is the 

step function, (2) is the Gaussian 

distribution, (3-5) are'the 

,transmission coefficients of _the 

superconducting fihn calcril~;ted 

according to [8,9].(3)..:2co= 28 meV, 

(4) -2co,;.23 meV, (5)-2~~- 1S mev~ 
~' ~-' 

-:Ts ···' .. ,.::.; ·:·· - 1 (, 

,TN ~. YT1;< (1-T~/2f (ci ju)) 2+ ( ( 1-Tl/2) (u Ia- ')'] 2' 
N N 1 , N N 2' N ' 

(8) 
'j,· 

where Ts and TN are the transmission coefficients for a 

super-conducting· and normal state; a-
1

, a-
2 

are the real·and 

the .. imaginary parts of conductance in the superconducting 

st~te; uN is conductance i~n the normal state. The cal~uiation 
was pe~fo~ed o_n. the assumption that TN = C = 0. 02 [ 6] •• 

To,calculate the ratios a-1 and a-2 a:theory developed in 
:r:ef. ( 9] _was used. Accordi~g to it, 

~ 'ft = (1 + ~) ·E(k) - •2· (~) ·K(k __ ) · u · hw . hw : · . ·' N ·: l. ··. V . ' . 
hw > 2c._,_ <?) 

'~. 

a-· .. ' ,'{··· •... 
2 1 . 

UN = 2" ( ~~0 -1)·E(l~l) 
'·v ~.! :~: 

+ ( 2~~ -1)·~(~)} 
where the arguments of the elliptical integrals E and .. K are: 

. -~·i ~.:o 

'k = ~~~: :--~~' ;.: 

•' 

:C1··:- k2)1/2 . 
y > ~' N • ~ 

~ 

2E ; is the Width of the .ehergy gap, W is the fight frequency • 
0 . .. '· . 

•Curves 3,·4, 5 in Fig.'3:are the'penetration coeffic.i~nts 
of a s~perconducting film'at different energy gap widths, 2~-

, " . ' .. . 0 
= 28,23 and 15 MeV respectively. Fig.4 shows the functions 

7 



Is(t)/I0 (t) 

'mention~d. 

1l 

9 

' 38 
1:_7 
'-6 
-:3. 
Ls 
... , 

3 

l' 

calcufated 

.. 

-~~- ., ?'i -;_ 25 

for the penetration coefficients ., , 

iig.'4. Time dependance. of the 

signal.Is(t)/Io(t) calculated for 
' ··' ' ' the transmission coefficients 

shown in Fig.3. (3): 2co= 28 rrieV, 

(4): 2co= 23 meV,(5): 2co= 15 meV. 
:L :~ ·, 

· . In Fig. 5 there are time derivative functions djdt (I /I ) , , s 0 

calculated for the tjle time evolution'in the time interval 
·,'l 

~ =(1.7-2.5) ms. It is seen that each value of the energy gap 

corresponds to a certain value of the time maximum for the 
' ·~· ··-· ·' .~) + 

function d(I /I )/dt., s 0 , 

!"; 

·~ 
si 

" .. ::;, 

~-
--:9 
:? 

·:.,_':0 

.. ;: 

1:7 19 ilt[Msj Z:J 
-' 
25 

1!\ 

'·« ,. ~ ) 

l :. , , ~ '· -'· 

Fig.5 •. Time dependance of the 

·deri~ative d(Is/Io)/dt ·fo~ 
values of the energy gap. 

( 3) : 2co= 28 mev:! 

(4): 2c.;= 23-mev, ! 

(5): 2c~= 15 meV. 

. F_ig. 6 schematically shows the experimental installation 

and the optica'l ~hannel for extr~~tion of synchrotron 

radiation. . Since -{-,spectroscopic jinvestigations of HTSC 

mat~·ri~ls go on i~ ·.parallel 'with ' investigations of charged 

stat~~ ~f' ions ' in,: ~~ .e,l._~;t:r:on ring·, · a brass conica~:· light ' 
'/ ( 

8 

guide with· the .acceptance: a = a · =' 130 mrad was used· for 
~. • ' , ' h ,• ' ' ' rp -· ~, • ' .·. , '" . • ' • -; 

extractl.on· ··of · synchrotron radl.atl.on. · · The transml.ssl.on 

coefr'icient :~la·S estimated to 'be, :.:so%. A co~ical iight guide 

~ilows the maximum racli~tion p~wer' to be t:i::-ansferred to' the 

sampie in a cryostat wri'th an· adjustabl~ · t~in:peratu~e ra'nge 

from 5 to" 3 oo K •. To measure transmission coefficlEmts··· ~f HTSC . 

materials'/ two beams are shaped hyr mirrors·.· one passes 

. through; the sanipi~~ the \)'ther is ;a_ reference beam to mea;su~~ 
the 'radiation .. intensity 'ori th'e :sample. 

Fig~6. Schematic of the . ,. 

in'stallation and the optidal 

channel for measureme'nt of' 

pened:'atian spectra· HTsc 

films.· '1:J etectr~n'':i:-ing-'~''"2 :'
.• :..light guide cone, 5·: 1 laser' 

beam, 6:. spherical mirrors, 

7: cr¥ostat with sample, s:

- detector for IR radiation. 

. '•'According· to'.l this method, ·the beams of a' copper ·vapour 

laser' (A.'= o:51'iJ.Lm, p•,;; 30 kW) anda':n'ft.rogen laser''(A.··= 

o. 3 3 7 1-1m, -P = = :3 ·, kw) are 'sent ·through tJ:i~ =morii tor:i~g' 'charmel 

to study evoiution of ·~ long-wave _transmission spectrum in 

the ·destructive·. mode >Of superc~nductivity: -;'ForL 'classical 

measurement of transn:ission spectra a cmodified'-~ono'chia~ator 
with· separable ,echelettes''up·to X·= 6oo ·1-1m is 'place&. :behind 

the' . inirror::: chan~~l:_:~· The ,i .radiation 'is.· detected;;-: by an 

optic-acoustic receiver :and 'a .. photodetector i based:1 on 

' admixture'··photoconductancf Ge~Ga~_· .;-· · 'l 

Let us estimate the; ::mininiumrR·~and 1-'~·values<'at·; which 

radiation ~:is ) rel.i:abl~l 're~'i.stef~~ :·when·, ''a 't~o-beani ::method ·is 

· usedJ'.to .· measure···,ttiec· 'transmission ·:coefficient. ·'Witn::· the . - ' . . . " . ~ 

electron ring:compression-time·t·:;; 2~0 nis';~·:R = 15'cm;··-, ~'15~ 

the maximum i spectral radiation--power~ A.M .;.,/ O. 42A. ~l ='·' 96. 1-1m we 
' . -16 c ' I 

obtain Pmax = 2.7·10 W/J.Lm. If we have the number of 
· ... ,.. . 12 • . . . 

electrons Ne :; :.5·~·10 ; , .:''!the ,optl.cal channel acceptance 
a = a = 130 mrad; '~the • ··transnlissiori ·coefficient of a YBaCo z rp . ' .. ' 

9 



' ' ' ,· ·-·' ' ' -2 
film on a _MgO support for the .wavelength.~-= 100 ;11m T := 10 .. , 

\' .... ' < ' ' ' ., ,. •• ' ' 

then the radiation power on . ___ .the. detector will be 
;,, ·-· 6 ·' . ' ~-

p
0 

= P(~M) ·G·A~·Ne·.T = 4·10- w. ~or, ~!J.e Ge:Ga admixture 
' . th . . l . t d . -10 photo_-rece~ver, , e; _m~mma _reg~!,; erE:: pow_e,r .l.s J?, = 10_; .. • 

Thus, the synchrotron radiation with. R = 15 em, 7 = 14. is 
'~. ' ~ ~ ' . ' . ·- ~ . ' 

reliably registered. It corresponds to the long-waveboundary 
' . ' .· . -. ' . ~ ( . - ' :... . . ' ~ . -·· 

of the scanning beginning ~ = 100 ~-tm. The calculations show 
' • ._, £. \ •• 

that two-_channel registration , _of, the radiation, passed 
> ' ·," •• ·~ <-. . ,. • -> • ·r. ' • 1 

.• • I '· 

through a HTSC · film' and. monitored hy the .. time· ,·evolution 
' ,:'. '" .<1->,' •' 1<•, ',\ • 

Is/I
0 

and d/dt (Is/I
0

) allows one to find the value of,_. the 

energy gap in the range 2e · · = ( 15-28) meV with an accuracy 
0 ,· . ·' ' ' . 

betterthan 10%. Software has been developed for,ttie ana~ysis 

of experimental 

energy gap value 

(9). The typical 

evolutions I /I- in order. to determine.the s 0 '' .· .·····" '' 

within the B-c·-s . theoretic~! c:!:~lculation_s 

·tuning .from 100 
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