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I. INTRODUCTION

Fluorometric meaguring instruments have been valuable
tools, for research workers and in routine anslysis, for a
number of years, Kauffman deseribes fluorescent technioues
which are essentially those still followed (1)}, In 1933
Woodrow and Schmidt reported gusntitative identification of
fluorescence bands im fats (2). Visual observations of
fluorescence have been used to identify many substances over
a long period of time. Commercial photofluorometers are availe
able and are regulerly used, These instruments often use a
ph@téamisaiva ¢ell and a simple cirecult to determine the inten-
sity of fluorescence. Filters are commonly utilized to limit
transmission to desired wave lengths, snd a mercury vepor lamp
is often used as the source of exciting radiastion., In rather
similar Instruments, designed for color comparison messurements,
a photovoltale c¢ell iz frequently used,

According to lLothlan, it is often necessary and sometimes
desirable, even when unnecessary, to use dilute solutions of
the fluorescing materianl (3). In masny aasea’thﬁ intensity of
the fluorescence produced may be exceedingly low, It seems
very likely that a fluorimeter of grenter sensitivity than
those using phﬁtaamiasivg gells will be a2 waluable addition to

existing types of instruments.



Since mecondary emission multiplier phototubes have =
luminous sensitivity which may be more than 100,000 times
grester than the sensitivity of vaguum photoemissive cells,
it seems prob:ble that the use of a maltiplier phototube in
an sppropriate cirenit would improve the sensitivity of a
fluorimeter. | |

To design & fluorimeter using = multipliar‘phﬂtatuha,
the characteristies of the tube should be considered, and best
poesible use of the tube should modify or eliminate as many
undegirable features as possidble, Dieke states that two indie
vidusl tubes even of the ssme type may huve very different
properties (4). He reports differsnces in sensitivity by more
than a fector of ten, snd comparable differences in dark current.
éa&mﬁeraau smggeste that dark carrents may be ¢ancelled out
by & bﬁ@king,?@%emtial {5)s. The ?eapanﬁw of the tubes is
linear with respeect to the light intensity incident on thelr
photosurfaces, according to Engstrom (6). Current limitations
are placed on the tubes to avoid serious fatigue effects.
Another ¢haracteristic which must be considered is that the
surrent from the multiplier tube will change greétly;ék'ths
dynode supply paﬁantial varies.

A palyr of multiplier phototubes opersted as two sides of
a bridge eircult, will have dark currents that tend to cancel,
end the bridge may be balances at a constant applied potentisl.
Experience gained, while assisting Dr. P. H., Carr in the design
of apparatus using this type of eircult, indicates that if the



potentials applied to the tubes vary, the bridge becomes unbal-
anﬁaé, Careful matehing of tubes tends to minimize the unbalance,
but 1t seems rather unlikely thet Itwo tubes ﬁhi@h,have the same
characteristic curves eaﬁ be resdily selected. Any possible
matening would, in time, probably prove unsuccessful, due to

the large difference in fatigue rates which occurs between in-
dividual tubess These difficulties lend to the consideration

of circuits whieh involve oenly one multiplier phototube,

In some fluorometors using photoemlssive cells 8 resding
is obtained Trom a stendard sample, then a compuarison reading
is made with the unlnown solution. Obviously, this technicue
is only possible if the 1ilumination and applied potential
remsin constant during the time reguired to take both resdings.
The required constaney is often attempted by the use of batter-
iez. Unfortunately, the recently available, low eurrent, high
potentisl batteries which are being used with multiplier tubes
are expensive and short lived. If an instrument using &
single multiplier tube, esn rapldly and slternately ragpﬁﬁﬁ
to the fluorescence from an unknown and s standard sample, some
of these ﬁiffiéﬂlti@s may be obviated.

If the accompanying circuilt responds to the differences in
currents caused by the standerd and unknown solutions, dark
current effects will be virtually eliminasted, since dark
current changes usuaslly oeccur slowly. HKessler and Wolfe state

that one component of dark current fluctuation hes a period

in the order of a second; other changes are slow drift (7).



The gensitivity of the multiplier tube will probably affect the
megnitude of comparisons made on an unbalasnced bridge circuit.

i{, however, a comparison betwoen 8 standard snd an unknown

solution is made by balsncing a bridge eirculi, the chinge in
sensitivity of a8 single mulétiplier tube, which is used in both
sides of the bridge, should not unbelance the circuit.

After & consideration of some of these design essentials,
regsesrch was begun to develop s sensitive comperison fluori-
meter, It woe deemed Important to use a single multiplier
tube, if at sll possible, snd teo use that tube in a bridge
eireult thst would be balanced when taking rendings ef‘fiuares»

cence intensity.



Lle EXPERINENTAL

&+ The Apparatus

1. The eleectricul system

To make the ﬁ@tﬁrminatiaﬁ of readings an easy tesk, 1t
seemed desirable to indicate the relstive intensity of fluores-
cence on a meter. This instrument could be either a galvanometer
or & microsmmeters Kost sensitive galvanometers huve & resis-
tance which 1is less then 10,000 ohms. A seocndary emission
maltiplier is & high impedance souree, sinee, under constant
low intenslty illumination, & relstively large change in anode
to final dynode potentiasl will produce only a smaell change in
anode current (8). G@ase@&@aﬁ;y,~a direct connection bhetween
multiplier tube and gﬁlvanémﬁ%ar will not give maximum energy
transfer.

To obtain better impedence matching, & cathode follower
cirenit was tested. This seemed a loglesl choice since the
input resisgtance of a ecathode follover is high and the output
reslastunce may, by proper cholce of vecuum tubos, be made as
low as or lower than that of many sensitive gslvenometers. In
addition, the eat ode follower is resdily operated a&s s linear
amplifier having negligible distortion and will not affect the
9raa§ﬁ1ng eircult components if the grid of the e¢athode follower
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iz not driven positive with respeect to the cathode. The degen-
erative feedback inherent in the ordinary eathods follower
results in circuilt stability snd minimizes variations in tubes
and in their voltsge supply.

The first cathode followers tested had a conventional
¢spacitor input to the grid, and would respond only to the
changes in the multiplier tube output which occurred as the
tube was switehed from one ssmple to another. Improvement in
response was noted when s direct connection from multiplier anode
to grid of the cathode follower was made, Pigure 1 shows the
basic cireuit used.

A BSH7-0T was the first tube tested in the cathode follower
eireuit, At the time, the multiplier tube was beling operated
on alternating current snd the gathode follower's plate supply
potential was taken from this source, as shown in figure 2.
Durdng the half eyele 1t was condueting, the current through the
series voltage dividers wss larger than during the triode's
noncondueting half eyecle. This caused = eyelic verisntion of
potential between multiplier and esthode follower and an objec-
tionable grid blas change during conduction, A brief trial of
a 63L7-0GT, which esmused the seme difficulty in lesser degree,
was mede.

Simple mechanicesal switching at epeeds up to thirty cycles
per second is feaslble according to Hoyt, who reports on the

operstion of & set of switches at fifteen cyecles per second (9),



¥hen non-precision workmanship and extreme sispliecity were
incorporated in a switeh, difficulties were encountered at thirty
@yei@a per second. Ordinary cerbon brushes hsve a tendency to
bounce 1f the commubator becomes rough or is slightly eccentric.
If this do<s not lesd to lirregular breaking of contaet, it will
at least ecsuse a resistance chenge in the bLrush contact. This
was a serious objection %o the first esrbon brushes used in the
cireuit shown in figure 1, since erratic meter fluctustions
oecurred as the brush eontact resistsnce changed, The brush
commutator and the optical shutter were mounted on an extension
shaft which had no suxiliary bearings.

& type of brush, which opepstes gulte successfully at low
currents and under adverse condisions, is made of a bundle of
spring wires which make tangentisl contesct with a commutator.
Operation with only wvery infrequent small meter deflections wes
schleved with this type of brush opersting on the ssme commutator
and with the same cireuit shown in figure 1.

Eleetronic switeing and a combinstion of electronie with
mechanical switehing were tried and successfully operated with
cireuits indlesated in figures 3 and 4, The addition of the
vacuum tubes to the meschanicel switching prevents brush contaect
fluctuations from affecting the meter. This occcours since the
brush contact resistance change is ususlly one of only a few
ohms, and this change is 2 negligible fraction of the total
resistence included in the grid circuit, Switching in & high

reglistance ¢ircuit does not eliminste fluctuations dus to contact
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It uses two ecathode followers with their grids interconnected
and with the plates of the tubes conneeted to the secondary of
& transformor. A grounded vmriabia-eantar*tap.ig provided to
adjust the potential applied to each plate. ﬁhangiﬁg the

plate potentisls with respest to ground mekes 1t passiblé to
balance the ¢ireult, if the tubes have different characteria-
tics, or 1f a difference in grid signal exists during the
switching eyele. With thils elrecuit, the switching oceurs at
sixty cycles per aagggﬁ, gince one of %h@ tubes conducts during
each half eyele of the applied transformer potential.

The electronic switec:ing method finally aﬁﬂgteﬁ‘far'tﬁa
gathode follower smplifiers seems ﬁapﬁriar tc a mechaniecsl
systenm using brushes whilch would eventually wesr and require
replacement. The system using an Eceles-Jordan circuit is much
more complex then the simple plate switehing circuit. For
simplicity and durability, the gi&te s»1tehing eathode follower
eircuit seems to be the most advantageous of the methods tested.

Final choice of a BAKS tube, opersted ss a triocde, and at
slightly higher than normal plate gotéaﬁia}; was largely made
beeauge succesaful operstion was achleved at zero grid blas in
the dual cat ode follower cirouit. The large grid potentisl
range and the miniature size also seem worthwhile feantures.
satisfactory performance was s2lsoc obtained from & 6V6-GY¥, but
its minature counterpart, the éﬁ@ﬁ; was not availsble, Either of
these tubes should yawfagm well, and give a grester current gsin
then the 6AKD cathode follower, ~Lver selection of a tube,
circuit detalls #era considered.
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Two circults which respond to the difference between two
input signsls arve described 83 @§&§ and MacRae (10}. A third
is suggested, but apparcnitly was not thoroughly tested st the
time of publication of their report. These c¢ircuits are reportw
ed linear to two tenths of one percent of their cutput voltage
over a relatively large renges. In eanch case, both the input
and ontput of the esireult are st high impedances

“ﬁn annlysis of the dual cathode follower c¢ireult shows
that the meter current iz, within reasonable limits, directly
proportional to the difference of the grid signalis, Figure 5a
shows the cathode follower elireuilt, while figure Ob iz an
equivalent circult with the tondenser negleeted., It should be
recognized that;al,’ﬁﬁﬁ r; and ry, ere funetions of time, since
the plate pobential and gurrvent are constantly changing.

Since e, and ey, the grid signal potentisls, are square
waves, which In genersl zmre of different amplitudes, each may
be expressed &s an infinite sum of sine and cosine terms, as 1is

customarily done in Fourier analysis.

, o
e ¥ a,t %;ﬁ’iﬁn cos nx +dn sin nx)

®
ey T g@,>§;£ (e, cos nx+ d, sin nx)

This mskes possible a conventionel alternsting current snalysis
which could be performed for esch term of ey and e, For = single
component, from a consideration of figure 5b, we may write the

following equationsg



wlle

Pl"'el“ij‘ﬁ + iﬁﬁ)“’ 3-1{ ?1+ R) + igﬂ + Elsiﬁw{: -0
pﬁ(ﬁgaigﬂﬁiﬁﬁ} - £2‘”2+ R} = 13‘3 +E2$in wt =0
1z(2R + ‘le fﬁ.ﬁﬁ - ilﬁ = 0
These equations may be solved for 1z, the meter current. %The
result iss ‘ :
1, ® )
© -TARF R GipRe P R (2F

{RZ{E?sinwﬁyaﬁaﬁ}{n R+w1+3} - ﬁiﬁlainwttﬁiel}iﬁﬁ&+r +R}
R(}igﬁ+r2+§%§€)alﬁ+ﬁ}
The tetal;aarranﬁ would be the sum of an infinite number of

similar expressions.

?ha cathode followers alternnte in their operation, each
conducting for epproximately one half oyele, snd the mathemati-
cal expyeﬁaiaﬂs'halé only for the égnﬁu&ting part of each cycle.
At the begimning and end of esch half c¢yele, when the plate
potential is very low, the smplification factors are very smeall,
They change quickly as rspld plate potential chsnges occur, but
are relatively constant during the times of higher plate poten-
tials. The effect of the changing smplifiestion factor is to
modify the current component represcnted by ne., If u were a
constant during a half cyele, these compunents, summed oveyr all
fregueneies, would be a square Wave, but the changing smplifica-
ﬁian_faatar will effectively degenerste this component to a form
closely resembling = sinusoidal wave. With the capacitance
removed from the elreuit, and with grid signals which do not
cut off the tubes for zn appreciable part of the eycle, observaw

tion on sn osellloscope shows 5 sinasold:l waristion of the



potentisl applied to the meter, As either grid signal becomes
increasingly negative, a larger portion of the corresponding
half evele becomes nonconducting, =nd the wave form resembles
portions of sinusoids]l hall waves separates by straight lines,

Bince both cathode followers 8re the same tvpe of vacuum
tube, snd sinee s higher plate potentisl is applied to the tube
wi%h a normally lower amplificatlion fsecior, this factor during
eorr@agwnding parts of each half cyele mugt have approximately
the ssme value. I this is the csse, assuming also that the plate
resistences are similsrly relanted, and that an average value for
each can be selected, 1t iz posslible that the average meter
ecurrent may be expressed aag

iz = aleg=ey)

The acecurscy of this relestion was checked by mamintaining
one cathode fallﬁwﬁr‘grié at ground potentisl while 2 bsttery
end a potentliometer applied sn inereasingly negative potential
to the other grid. & voltmeter indicated the potential differ-
ence of the grids, snd the microsmmeter, normally used in the
gireuilt, indiezted the currents The eireunlt was initielly

balanced at zeroc grid potentisl,
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Table 1
AVLATIONSHIP BETWEEN GRID POLENTIAL AND WETER CURRENT

Applied grid , . Meter resding
potential TUbe s HoTma .l ' ' “%ﬁﬁaa‘ravorﬂad

0«0 wvolts ’ U«0 u amperes 0.0 u amperes
~Osl 2.2 2,86
“Quid 4.2 4.6
~Oud T 8.4
-3e 8 B.4 10,8
~Oe8 11.0 3-3 «Q

; N mﬁﬁ 139
=(eB 14.2 15.6
0.9 . 15.8 173
"*1:‘ 9 1’?;"& 3.9 1;3.
”11 1 :LE ‘Qg

A curve plotited from these date 1z shown in figure 6, This
clearly shows the nearly linear relatlonship between the differ
ence of grid potentials énﬁ the meter gurrent, and confimms
the simplification of the meter current expression. A messure-
ment of the nmﬁiin@arity of the eircuit was made by spplving the
gane negetive potential to both gride. Again the grid potens
tisl with respect to ground wes messured with 2 voltmeter,
and the meter current wes determined by using the twenty
micrormpere meter normally in the cirenit.

A plot of the dsate on eathode follower nonlinearity appears
in figure 7. When the tubes were interchange!, the meter
deflection was in the opposites direetion, indiesting thet the
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Teble &
MEASUREMENT OF CAT/ODE FOLLOYER NONLINEARITY

Grid Potential Heter Doeflection

040 wolts 0.0 u smperes
wle® 1.2
»le5 . 1.5
el , 1.9
27 Bad
-3 ) 2ad
‘*ﬁ‘&ﬁ . : Se 3-
8,0 3.4
-T2 348
8wl 3.9
- » O ) %‘ 1

#1040 442
w12,0 4.4
180 - 445
Wﬁl* Q '&:ﬁﬁ
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nonlinesarity iﬂ largely a8 function of tube charseteristiecs. In
an idesl circuit the meter deflection would remein zero as the
grid potentiasls of the tubes were simultaneously changec,

By using data from btoth tables 1 snd £, an ides of the
percentage deviation from linearity may be obtained, At ©,3
volts grid potentisl, the meter current is 6.0 microamperes,
while the devistion from linesrity ieg 0.3 microamperes. The
current ratios indigste thet the nonlineerity is sbout five
per cent of the normal ecurrent, Similarly, a2t -0.9 volts grid
potential, the devintion is 0.9 microamperes, and the meter
current is 1§‘ﬁfmierﬂawp§g@s. Their ratio indie:tes that the
nonlinespity iaga%aat Be7 per ecent, At Snerexsingly negative
griﬁ~§ntant1&1gfthia-ﬂwwvr begcomes smallers |

The current gainm of the esthode follower circult may also
be obtained from table 1. The current in a one megohm grid
rea&&ﬁ%r reqﬁiréﬂ to obbain a-y&t&ﬁti&l difference of O.l volts,
is 0.l mi&r&aﬁpwrea@ This wvalue of grid potential chenge produces
a 2.2 miercampere current in the meter. A current gain of 22
is indieated. The least wvalue of current gein indiecated in this
table is more kﬁﬁa 17« The sensgitivity of the sathode follower
stnge can also be evaluated from the date in tsble 1. The
smallest scale division on the gaivanamatar uged with ﬁgg
eguipment waawgnéfaaaxﬁar'mier@amggwsﬁ A deflection é%‘cne half-

scale division was resdily discernible, and if a grid potential
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change of 0.1 volt produced a current of £.2 microamperes, a
grid potential ehange of only 1/176 volts woulad be required to
praﬁuaw a current of 1/8 microsmpere. This grid potential
¢hange would be causes by a current of 1/176 microamperes in
the one megohm grid resistor. In round numbers, the cathode
follower ¢ircuit enables & current of 19“ﬁ amperes to bhe readily
detected on a comparatively insensitive meter,

VWhen less sensitivity is desired, the grid resistor may be
chenged to a smaller value by s switeh, Changing to s smaller
grid blas resistor also extends the range of the instrument,
since a greaster current must exist in the resistor to reach the
grid cutoeff potentisl, The esthode followers are cut off when
the grids are thirty volts negative with respect to the ground
of the circuit. This means that on the most sensitive range,

a thirty microampere chinge in multiplier surrent is possible;
while on the others, the current changes are sixty and one
hund red twenty mieroamperes.

A simple half wave power supply is used for the secondary
emission maltiplier, The filter is of two condensers, separated
by a r@si#ﬁar'wniah also functions ss the regulating resistor
in the voltage stabilizing system. S8ix OD3 tubes and one 063
tube are in series aerossg the one thousand voltl supply for
potential stability. The voltage divider for the dynode
potentials is at the multiplier socket to minimize the number
of leads, The positive side of the power 5ap§1y iz grounded

to keep the cathode follower circuit and the meter near ground
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potential, while the negative lead to the multipller tube ls
brokten by a miercswitoh, when the cover housing this tube is
openeds, The swvitebh was modifiled to opem two or thres times
farther thean normal. This change has eliminated any arcing when

the one thousand volt potentisl is scross the switeh.

24 The optiesl system

The exeliting source of 1llumination for the fluorimeter
ies = General Electrie H-4 mercury vapor lamp. According to
Radley and Grant, mereury vapor lamps &re commonly used to
exelte fluorescence {11}, A fifteen centimeter foenl length
loens is that distence sway from the ultraviolet source and
immediately in front of two apertures through which the light
passes towsrd the sample holder. The lsmp and the motor whieh
drives the roteting shaiter are in the gentrsl compsrtment,
The shutter rotates between a double wall, esch part of whieh
has two apertures. The shutter permits light to pass through
one palr of holes and illuminate 2 single cuvette for e cusrter
cyele of motoyr opevation. During the next cuarter eyole, the othex
cuvette is 1lluminsted. A mask immedistely in front of the
cuvettes prevents illumination of the sides, top and bottom of
these cells, Sinece the front and back of the euvettes do
fluoresce and sgcatter light, a hinged coveyr may be dropped over
their top. This cover has two holes whiech expose the solution,
but not the edges of the cuvettes. When in use, the secondary

emission multiplier is sbove the cuvettes, and some fluorescence
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of the solution in the cells will strike the multiplier cuthode.

A filter holder is attached to the right side of the wall
betweon compartments, and pormits ultra violet transmitting
filters to be readily changed whenevey the cover of the right
compartment is open. The filters which will usually be ultra
vialﬁt sbasorbing are mounted in a similar f1lter holder on
the multiplier hounsing, Both filter holders are spring loaded
to mccommodate various thicknesses of standard two inch by

two inech filters. The beam neasrer the operator, may be con~
trolled by & movable slit mounted on the lamp side of the
compartment wall, This &lit is immediately behind the lens,
and is adjusted by rotating s wheel engraved with one hundred
equal divisilons slong its aii@umfareneﬁ, snd & vernier permits
direct resding of tenths of divisions. Twenty turns of the
wheel move the slit completely aeross the one hsalf ineh aperture.
& diagram of the optiesl system iz shown in figure B.

An aﬁxiiiﬁﬁy syastem which improves the method of Saking

null readings iz included in the instrument, It consists of
a stendard photovoltale e¢ell and a microammeter. They are
connected through a preéss-to-contact switeh. This type of
gvitch is umed since tie eurrent produced by the photocell when
it is exposes to room light is groater than the range of the
meter. The photocell is instsalled direstly behind the cuvette
which will ususally contain the solution of unkunown concentration.

In this position the beam pagsing through the cuvebtte strikes
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the photovoltaic cell, Any c¢hange in the beasm due to slit
width adjusiment will cause a change in the current existing in
the ee¢ll when tﬁa}awitah,iﬁ,azﬁaeﬁ*

Since the photoeell vesponis to the total 1llumination
passing through the alit, it eliminstes the effect of slit
errora. ;f the 8lit jaws do not remsin paranllel as thelr
position le changed, or if the spring return does not maintsin
e constant tension, thﬂ‘mierﬁmétar-rﬁﬁ@ing onn the silit adjust-

- ment may not be linearly relsted to the light striking the
cuvette. The photevoltale system, on the other hand, is inde-
pendent ol sllt errors, if its surface has a uniform response.

A simple check was made by projecting s emall light beam on the
cell while 1t was @@nﬁéataﬁ te a meter. When the cell was
moved, the light spot shifted over the photosurface, WNo apprec-
iable chunge in meter resding was discernidble.

A photowvoltale cell mast be attached only to a low resistence
mater, if the current is to be proportional to the incident
light. The curves shown in meny good electronies texts, such
as ﬁyﬁa&*s, show that asbsolute linearity of surrent with respect
to ineldent light flux is achieved only with a short cireuit (12).
ﬁawév@r,'theaa graphe 2180 show that the devistion from linearity
is very slight if »n low resistence meter is used. Since the
low imﬁﬁﬁ&igy portion of the graphs with any resistance 1is
comparatively linear, and the illumination intensity used is

very low in this apparstus, the response of the photoecell may be
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regerded as directly proportionsl to the light strilking its

aurfBCe.

B Th@aaﬁahaniag; agr&ngamﬁgg

The fluorimeter iz housed in & black wrinkle~finished box,
twenty-five inches long, eleven and a hal? inches wide, and
eleven inches high. A one guarter ingh sheet of sluminum forms
a rigid mounting base for the motor and transformers, and
prevents distortion of the boxs The housing 1s divided into
three compartmenta,. The central space houses the motor and

mereury vapor lamp, and has a number of three-susrter inch

ventilating holea. The motor drives a eirculating fan as well
&ﬁ‘ﬁhﬁ opbleal shutter, and ig earriefl on rubber shoek mountings
te minimize vibration.

The smallest enclosure is on the right and hss & hinged
- eover eantaining the seeondary emission saltiplier tube, The
lower portion of this space contains the ecuvette holders, the
f1ilter ho¥er, and the photovoltaie celle. The left compartment
has s hinged cover, which may be éﬁﬁirgiy removed by pulling
kﬁ@’ﬁiaga pine The gower is provided to protect the instruments
and switehes which are mounted on s bakelite panel just below
the cover. One microammeter indiestes the degree of eathode
follower circuit unbalance; the other, operating only when a

switeh is depressed, shows the ecurrent produced by the



photovoltaic cell, The power switeh, the grid resistor switah;
and two balsncing potentiometers are also on this psnel. Elec-
tronic eireuits, including the lamp transformer, the high
voltage au?ply, and the e¢sthode follower clreult sre in the

space below the instrument pasnel.



Ees Operation of the Instrument

In using the {luorimeter, the left cover 1s opened or re-
moved and the switeh turned on. The souree of power should be
the usual 115 volt, sixty cyele supply. Since the meroury wvapor
lamp reaches full intensity rather slowly, 2t least five minutes
should elapse before any attempt to take readings is made, If
the walting period is ten or fifteen minutes, temperature equili-
brium of all parts will be asporoached, and reasdings will probably
be slightly more relisble. 4 single switch starts the motor,
turne on the lamp, =and applies potentiszl to the cathode follower
and maltiplier tubes.

- After the warmup period has elapsed, cuvettes containing a
ataﬁ&&rﬁ solution are inserted, the right cover closed snd the
twenty mlerosmpere meter brought to zero, by the two balaneing
potentiometers immedistely baiew ite One of these potentiometers
is a vernier control, the ratio between the two being approxi-
mately one hundred to one. Experience will oulekly indleate,
ﬁo the operstor, settings of the potentiometers which will
prevent excessive current from existing in the meter, or an
suxiliary meter of less sensitivity may be connected to the
binding posts on the instrument panel. A toggle switeh thrown
toward the émuntaﬂ meteyr conneets it th the eathodes of the
6AKS! s3in the opposite direetion, the cathodes are connected
to the binding posts. When using an insensitive meter, it

should show a nesr zerc potentiasl difference of the cathodes



before the operator transfers to the psnel meter.

Hext, a drop of the soclution under test is added to the
euvette nearer the operntor, or this cuvette is removed,
fille? with the solution under test, mnd replaced in its holder,
The compartment cover ig closed, and the meter should indicate
an unbalance of the clreunit, Balance iz restored by regulating
the width of the variable slit. & reading which is proportional
to the slit width may be taken from either the meter in the
ghctevaltaie cell eireuit or directly from the vernier of the
glit control. Since the cathode follower cireuit is restored
to its original balanced condition, any non-linearity in its
r@ﬁpﬁﬁﬁ& ie eliminated, end only the linearity of the multiplier
tube and the s8lit mechanlsm or the photovoltalc circuit cen affect
the final resding.

Iin an &ltarnaté~m@théﬁi whieh 1is less recommended, the dew
gree of meter unbalance 13 assumed proportionnl to the fluores-
cence of the solution being tested. Obvicusly, the non-linearity
of the cathode follower eirenit, and lamp intensity fluctuations
will affect the result to s greater degree than in the previously
deseribec method. When ﬁaing this system, irregularities of the
slit system oy photovoliasic circuit hive no effect. Unless sn
auxliliary meter of grester range is used, this system 1s limited
to a8 small varistion of fluorescence in the samples. In the
methnod which restores the @ath@ﬁé follower to 2 balanced condition
after esch sample is added, a meter of great aan#itivitg may be

usged, Thils does not limit the range of fluorescent samples,



since the eirvcuit eonitinues to respond until it is cut off
by rélativ@ig large currents in the multiplier tube. These
currents epproach the values which should not be exeeeded unless

seriouns multiplier fautigue is tLolerasted.

Ge Results

A fluorimeter was designed and eonstructed, uasing a secone
dary emiszion multiplier tube as the fluorescent sensitive
element, and with s eathode follower circuit for impecdance
matching and to switeh the miliiplier tube output from one
terminal of s meter to the other in synchromism with the optical
switching. Testes of the fluorimeter were mande to determine its
response to a stendard fluorescent materisls In testing the
resnonsgse of the machine a solution of aquinine sulphate in dis-
tilled water was prepared by Professor Gladys Everson of the
Poode and Wutrition Department. One drop of this sclution in
thirty cublec centimeters of distilled water pr@&ucaﬁ a dial
deflection of forty divisions on a commereiasl photofluorometer
in her laborstory.

The guinine sulphste solution wes diluted to one part in
one hmdred parts of distilled water, and the resulting dilute
solution added drop by drop to six milliliters of distilled
water in & cuvette. A Corning number 587, 5,00 mm filter was
uged to absorb visible light, and a Corning number 308, 1.25 mm

filter prevented seatte ed ultraviolet light from reaching the
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multiplier tube, Readinge were tsken on the meter indicsting
the photovoltaic cell current as the width of the light besm was
varied to rebalence the eathnode follower circult., Three trials
. were made in a check on reprodueibility. A& tabulstion of the
results follows. The current values shown are the difference
between the originsl current of the photovoltaie cell with dis-
tilled water in both ecuvebtes, and the current produced as the

circuit was rebalanced.

Table 3
PLUORIMETER RESPONSE

TTops ©of quinine Sifference in photovolieic current
sulphate solution - Tpial 1 rial = Trial &
o ' 0.0 uamp. 0.0 usmpe. 0.0 vamp.,
2 0.0 G.0 0.0
4 ) Q-ﬁ 0 0* O Oﬁ 3
8 _ 0.8 1.0 0ub
8 1.3 2.4 1.6
10 B3 Ba Zeb
14 6.0 60 4.9
16 T« 7«0 6.6
18 8.0 B.1 , Te9
20 B9 8.9 9.0
22 Q.7 D7 1041
£4 : 10,1 10.8 10,8
26 10,7 1l.0 11.5
28 11.3 11.8 12,0
30 11.8 —— 12.4

4 curve showing the relationship between the fluorimeter
response and the aquhine sulphate concentration is shown in

figar@ P+ Only data taken in trisl 2 of the above table are
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plotted on the graph., The graph illustrates the nearly linear
relationship of the fluorimeter reeding with respeet to concen-
tration. The deviation from linesrity mey be largely asccounted
for by the technigue used in sdding the guinine sulphete solution.
Zince thirty drops from the pipette used to add solution are
equal to one milliliter, the first drops were added to approxi-
mately 5.5 milliliters of solutiong the last 0 6.5 milliliterse.
If the lower portion of the graph is extrapelaﬁeﬁ ags & straight
line, it would indicate that & reasding of 13 microamperes should
have been reocorded instesd of the 11 miecroamperes asctuslly
observed. These have the same ratic as the volume of solution

at the E@ginﬁing and end of the trial, and show that a graph
corrected Tor the volume change would elssa&y spproach a straight
line. ¥or the higher cenﬁenﬁratiema af Quinin@ sulphate, the
response does not increasse nnifmrmly, ag the:e&thode fallawar )
cireult approsches cutoff. }

An indiention of s&nsﬁtivit& may be gained by = acmpgéiaan
with the commerecial pbnﬁﬂflnaraﬁatﬁr. One drop of cuinine sul-
phate sclution in thirty cubie a&ntim&t@xg Gf distilled wat&r
prodneced s deflection of forty ﬁiviaiﬁnﬂ on A meter with a total
of one uandred divisions. In the fiﬁﬂfimﬁ%ér built ﬁnring the
course of Lthis 1nv&at&gatian,'@aa drop of the ssme duinine
‘suiyhate solution in six hundred milliliters of distilled water
produced s six microampere current iIn a twenty microampere meter,
and produced a deflection larger than full sesnle with a portable

Leeds and Worthrop galvanometer,. The galvanometer used was a



emall 250 ohm, 0,25 microamperes per scale division instrument
- and not a delieate, high sensitivity meters.

- The zero response ol the instrument to extremely low
concentrations is apparently the result of chenge in the solu-
tion A transient response is produced, but this rapidly sand
stesdily drops to zero, indicsting that a chunge is taking place
in the fluorescence emission, The temperature rise of the
solution, when checked,was 9 degrees Centigrade, but the transient
response disappesrs too rapldly for any apprecisble temperature
ehange ‘o oecur. No explanation for this effect is offered,

Neither “drops® nor "dial divisions" are satisfactory scien-
tific terms, The size of drops will vary with the circumference
of the pipette tip, and to a lesser degree, With the amount of
Iiouid in the pipette. The commercisl machine wes not readily
available for a more exacting comparison than dial divisions.

To evaluate the range of the instrument, a solution of 1
ml of the previously mentimer guinine sulphsate solution was
added to 10 mi of distilled water, and this solution was dropped
into one of the cuwvettes, Table 4 glves the result of this
test,
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Table 4
FLUORINETER RANGE

Dropes of guinine Difference in
sulphate solution photovoltaic cell current

0,0 microsmperes
306
720
10.0
11.4
12.0
2,7
12.9

SRR AWVHO

The range of the inetrument is graphieslly indiecated in figure
10 The initisl instrument response is neerly linear, and the
range is excellent. The concentration when 6 drops of the
solution was added to the cuvette is three times as grezt as the
concantration tested on the commerecial photofluorometer.

The completed fluorimeter is eusy to operate, All switehes;
potentiometer knobs, and 2lit adjustment are accessible, and,
it is hoped, convenliently locsated. The cuvettes are exposed by
opening the right cover snd may be resdily changed., HRotation of
potentiometer éantr@la in & clockwise direction produces a
greater meter defleotion; when o toggle switch is thrown toward
2 meter that meter is in the cireult, EKach electrical unit such

as the high voltsge power supply, or the eathode follower circuit



18 mssewmbled on s separate chasgsis, and that chossis 1s fastened
to the bage plate with machine serews. Interconmecting leads
are sabled, snd are long enough so the instrument panel may

be removed while the fluorimeter continues to funetion. These
features should make the instrument @aaﬁ to service, when

that 1s reguired.



I1IT. DISCUESION

The pﬁrymﬁa of this investigntion was net only %o design
snd construet s fluordimeter, but to partially evaluate iﬁa
performance and oconatruction. It ie recognized that the most
adeguate test of the instrument can probably be beat performed
during regular use in a lsboratory, and it is hoped that such
use can be arramg&é; In eriticizing the construetion, it should
be recognized that to some extent, resdily awveilable components
were used rather than ordering, and walting for, parts which
would be slightly better. TPFor example, the synchronous motor
uses is certainly larger then is recuired. 1If a physieally
smaller motor had been avallable, the light shutter eoﬁlé have
been smaller, snd the entire housing mizght have been more compact.

Electrometer tubes or small current tubes such ss those used
by Nielsen {13} could have been smployed to achieve a higher
smplification than is the gase with the cathode followers used,
While the voltage amplification of s ecathode follower stage is
less than unity, 2nd the usual anaiyﬁis 18 made entirely in terms
of fa}ﬁag»,g&iﬁ? the current smplification of s eathode follower
may easlly be one hundred or more, If the power amplification
iz defined as the p?@ﬁugt of the voltage gein and the current
smplifiestion, it will approach the current smplification in
magnitude sinece the voltage guin is often nearly wity. Power

is recuired to produce a meter deflection during sny finite time
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intervel, and the eathode follower is sn excellent deviee for
producing the desirable power gain, =and having the correct
impedance matching characteristics.

In many types of equipment which use a lipht source to
excite some form of photocell, and auxliliary, identical photow
cell whieh responds ﬁiraatly’tﬁ light varistions is often used
in a bridge circult, Claime are aemati@aa made that this type
of circuit eliminates the effect of 1ight intensity fluctuations.
This is not salways ﬁh@ gasse, howower, unless a zero input signal
to the ﬁaaauriug eireuit is maintained, If a difference in
the currents @£ the pk@%@ealla exists, & change in lamp intensity
may wmodify the ﬁifrar@néat sinece each current will probably
be inereased or decreased by the same percentage.

This effect is probably one of the causes of slight
fluctuations in the fluorimeter's balance indieating meter,
because the lamp autotrsnsformer was operated direetly from a
line with severe potential fﬁ.ﬁataagsﬁmg When the lamp was
removed, snd the fluorimeter turned on, these [luctuations were
negligible. Actually one cuvette is alweys 1lluminated while
the sixty cyele current in the lamp is in one direction, and
the fluorescence of the other sample is excited by the lamp'
while current is in the opposite direction. Statistical
variationa in lsemp intensity mey ocour as one lamp terminal is

regularly negative, for example, and the varietions during the
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other half ecyecle may be different. This too, would contribute
to fluctuations of thre meter,.

The phese relationship bdween the opticsl shatter and the
eleectronic switoching was adjusted by using sn eleetronic switeh
and an oscilloscope. No hanting of the motor was observed while
making this ad justment. However, the method was not aceurante
enocugh to detect amell variationa in the opticsl-electronic
svitehing, and 8 wvery glight hunting of the motor would also
cause meter Ifluctuations.

The meter fluetuations are semle-regular, and it is not
diffieult to sdjust the median position of the needle to zero.
The regularity of the greph in figure 10 is evidence that this
may be successfully accomplished. When the largest grid resistor
is in the eireuit, these fluctuations are spproximstely plus and
minus one half scale Aivision, while s deflection of six seale
divisions is produced by a dilution of 1 drop of the auinine
sulphate solution used, in 600 milliliters of distilled wataor.
Thie indieates that the ﬁ@g&ibi& error ﬁue to meter fluctustions
is 8lx or seven percent of this dilution. ¥hen using the instru-
ment with elither of the smiller grid resistors, the fluctuations
are less noticeable, and ean only contribute slightly to possible
errors in the resulis. ”

It should be renlized thit the recommended method of taking
resdings meakes it possible to achieve great range wnd yet retsin

considerable sensitivity. A sample may chuse the meter needle
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to go off scale, but s re:ding may still be taken by using the
adiustable slit te balanee the cireuilt.



sgdogem L31TpTaang §v yons *se0tadp
JuTTWIs o4 ergejdepe LATTpuod 848 Esanzwey udisep eusg Jo Lusy
*WOT I JUSOUCD UT SUOTFBTIABA
0q ssucdseda 83T U aBSUTTY LTasau 2q 0% PUNOI BBM ‘LOPUSIMODOT
$% pesn ueya pUr felusa oTgBIBPISUCD 8BY JLsgompILoult SUL
smmﬁﬁwcuam% Jo eodiy Jepro Fursn o0jaey FUTISTES UBUJ
eAT]T8UsE ea0m ATGBLEPISUCD @G 04 PUNOJ SBM JOGOWTIONTI oYL
*oTQIese00r ATIpued ST043 WO AJ6BEO0OU 16 AWy
o4 peulirep Xoq wMMIENIE® UB Wl pesnoy SEmM JTun eajiue Syl
| *gq1048 A3apug o3 dn ReOUeIsIIID I®IS
~usjzod Julgoeiep 40J uwejsis J8eulT LTeatgsandmos *oTqueas ATUPIY
¥ 8T 3T 3¥U3 A0UB JTNOJTIR SGmOTI0J €pOU3IBd U3 U0 998e]
*2TROLTO SY3 Ul pesu Jursq
adejew ou3 pus eqny JSTTdIsTnm ey3 Ueemisq Fuludqem eouspedul
eptaoad ATsnoeunjImuts o3 pus ‘aqng SeTTITITRM U3 YOFTME
03 pPOUATEED BBM We3SLE JOMOTTOJ epou3Ed Teup etdmis v
speaedmoo eq o5 uvordues oyy Jo LyTousequl ousg suUlmJI-gep Lrezsu
-ISGIE 05 pesSn Sua JeTTdIaInE uolssTme Lispuocdes oTiule v
*Lliquessy SJdi3Ue suy 407 BHujls-oy B pus “Arddnes gemod
pUs meogsls FuryolIss OTUHCILZVSTS Uv *‘uwegsis Twolzdo uw JO 83818
~u00 37 *3TIng ueeq Suvy ‘juswmeTe @Aflisues eyg v Jeyrdizruwm

uotsetwme LJwpuodss B Bulsirign fLsgewigoniy uwosiaedwoo ¥

AMVEROS AL



Ve CONCLUSIONS

As a result of thls investigation, the following conclusions
have been reacheds:

1. It is possible to build a comparison fluorimeter using
a secondery emission multiplier tube ag the fluorescence sensie
tive element,

£« & single smecondary emission multiplier tube may be
ra&ﬁizyrgﬁihaha& by & simple eleetronic system from one side of
a bridge eircult to another,

J« Synchronization of the elecironic switcehing with optieal
switehing of the exeiting lamp 1llumination may be readily
achleved and mainteined.

4; The antiﬁa instrument may be portable and may be oper-
ated from a standsrd sixty eyele aslternsting current supply.

5. Comparstively large range may be combined with a high
degree of sensitivity in the fluorimeter.

S« Linearity of responss to solution concentration msy be
clogely spproached,

7. Voltage stabilizstion of the secondary emission
maltipllierts pover supply improves performance.

B, Voltange stabilization of the potential supplying
ecurrent to the lanmp axggzing the finoreseences, is highly

desirable. The iaak‘bf‘valﬁggs atabiliaatian~fay this lemp
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is probably the major limitation on aceurscy, at very low con-
centrations, and on gresber sensitivity.

9. A eathode follower eircuit is sn efficient system for
transferring energ: from # a@&aaﬁagg emission maltiplier to a

much lower Iimpedance deoviee, such as a meter.
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