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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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INSTRUCTION MANUAL FOR -UCRL PORTABLE VAPOR DETECTOR MODEL lEPS 

c .. s .. Presenz 

OBJECTIVE' 

Development of a safety monitor highly sensitive to mercury (Hg) vapors~ 

stable regardless of line variations between 100 and 140 volts RMS~ and yet 

simple in operation thus avoiding interference with normal working habits of 

personnel a 

The instrument is based on quantitave 9 not qualitative~ measurements and should 

not be considered in a>:J.y sense an analytical type detectoro A list of vapors 

detectable with this instrument are shown in the section called Detectable 

Vaporso 

As the prime purpose is the detection of Hg vapor~ and to avoid confusion~ all 

reference from this point on, unless otherwise stated, will be based on Hg 

vapor concentrationso 

THEORY OF OF£RATION 

All substances absorb light at some region of the spectrum. If a spectral 

region exists where a vapor has a high absorption and the diluant a high 

transmission, 't.he concentration of the vapor can be measured in terms of light 
/ 

absorbedo The ideal instrument would be one using a monochromatic source of 

light of wave length corresponding to the maximum absorption of the vapor and 

-a minimum absorption of the diluent and a highly sensitive and stable light 

measuring device sensitive only to this wave lengtho The operatioh of this 

detector is based on the Beer=Lambert law which states that the light ab-

sorption depends on the distance traversed and the molar concentration of 

the light absorbents 
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PHYSICAL DATA 

The Portable Vapor Detector Model lEPS is designed to indicate small concan= 

trations or vapor which provide various degrees or opacity to ultra=violet 

lighto The instrument is specifically intended for vapors having a strong 

absorption in the 2537 Angstrom region of the spe~trumo . 

Equipment· 

Model lEPS is supplied with the following equipment and ~pares 

1 UCRL Model lEPS Vapor Detector 

2 50 fto 3 conductor A C Power Cable 

1 7 fto 3 conductor A C Power CA.ble 

1 Collapsible Hand Probe with 5 fto of 1/2 inch Rubber Hose 

1 Spare Stainless Steel Vapor Ch~ber 

· 6 Spare Neoprene Vapor Chamber Ring 

3 Spare Rubber Hose Clamp 

2 Spare·935 Phototube 

·. :l. Spare, GE 4T4/l Germic'-dal Lamp 

1 Spare GE 47 (Brown Bead) Pilot Lrunp 

1 Spare 5692 or 6SN7 GTA Bridge Tube 

· 1 Spare GE 58G827 Ballast Transformer 

115 Volt 9 60 cycle power source requitede Total consumption 195 wattse 
. . 

~hree conductor cables a~e supplied in order to ~intain uni ~ at gro)UJM 

potentialo In view of the possible safety hazard involved~_oa~e ~}lou.ld be 

t~en to check pow;er source receptacle to establish correctly grounded 

third contacto 
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(3 ,2 milligrarns equals 78 percent or full scale) 

X 10 Ultra=semsitivity (0 = Ool milli.grams 

Hg per cubic meter) 

(Ool milligrams equals full scale) 

Functions~ 

AUD Audio Pulsed Tone Alarmo (This is 

norrrally adjusted. to operate at the 

toxic lirrdt for Hg vaporo 

Hg per cubic meter) 

' EXT Indicator voltage for ext.ernal 

instrumentationo ·For remote operation · 

requiring long wires, some f'bl"in ··o'f d . .;c.o 

amplification should be providedo 

. . . 
·.-OPERATION 

See Figure 4 for Central Layout o 

UCRI-1853 

To start the Vapor Detector, connect aoco cord to outlet» set Selector Switch 

(H) to X 1 and turn On = Off Switch (G) to ON posit.iono Following an ap= 

proximate 30 s_econd w-arm· up p~rJ;od t~.~ Neon Power In:dic;.a.tor Lamp (E) will 

light.o With Lamp (E) lit» depre[3s trye }JoVo Start Button (F) (blue dot) and 

h.,ld for approx:i.l'1ately. 4 seconds» then release o While the U oV o Start Button 
: ~ . . . ' 

(F) i~ d~pressed the Uo Vo Pilot :.tamP (A) should operate at approximntcly 

one quarter of normal brilliancy.; ·The reason beingg During the UoVo .. warm 

up period 120 MA is drawn by the .G 4T4/l filaments$ when the push=button is 



released this current decreases to 80 MA which is the rated gas discharge cur­

rent required to maintain the merclll'Y are o ·. Therefore the U o V o Pilot Lamp (A) 

is a perpetual monitor or the vapor detector ultra=violet sourceo It should be 

noted~ unless this indicator lamp is energized the instrument will not functiono 

With the UoVo Pilot la.mp glowing.? the. Unit should be allowed to run for ap= 

" · :pro;x:iii19.tely 5 minutes to allow the G 4T4/l to gain some order of stability., 
. : .. ~ :~ 

.Following this period the Zero Set (D) should be set for zero deflection of 

the microammetero Following this adjustment depress the calibration push= 

button (B) (red) and rotate Calibrate Control (C) (red index) until the mi= 

croammeter reads full scaleo 

It is advisable to repeat the Zero Set and Full Scale Calibrate adjustments 

before using instrument. With these preliminary adjustments completed3 the 

Vapor Detector is ready for vapor measurementso 

CAUTION 

DO NOT ·uSE. THIS INSTRUMENT UNTIL .THE. VAPOR SAMPLING CIW1BER HAS APPROXIMATED 

' 
AMBIENT TEMPERATUREo · lf .this precaution is· ~ot adhered to 2 condensation of' 

Hg vapor may take place .9 thus contaminating the Sampling Chamber which i.n 
'· 

turn wiil produce inaccurate resultso 
' ' ' 

/ 

AU. LINE UP PROCEDURE MUST BK DONE lili'fH RANGE SliliTCH__(H) SET AT X 1;, UNDER NO 

CIRC1Th1STANCES SHOULD ANY ATTEMPT BE· MADE TO CALIBRATE WITH RANGE SWITCH IN THE 

X 10 POSITION o IF. THIS IS NOT OBSERVED a SERIOUS DfMAGE TO MICROAMMETER MOVE= 

MENT MAY RESU~Io 

CIRCUIT ANALISIS 

. Power SupplX 

The prime purpose is to supply a regulated voltage source to maintain G 4T4./l 
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and VTVM circuits in a stable manner» regardless of line variations. from 100 

to 135 volts RMSo This section is typical of standard voltage regulated power 

supplies and shoul~ not req~ire further explanationo 

G 4T4/l UoVo Sourc§ 

The circuit functio~ on a baais of filament pre-heat and inductive surge fir= 

ingo The UoVo Pilot Lamp (A) is .used primarily as a G 4T4/l operational in­

dicatoro In the event of equipment failure this light may also be used to.es= 

tablish whether B voltage is available» provided of coursell the G 4T4/l is 

operatingo The normal life of this bulb is considered indefinitee However~ 

in the event that failure occurs in the UoVo light source section~ an in= 
. . 

spection should be made .first to establish filament continuity., When re-

placement is neoessary use a II 40=a. or # 47 (brown bead) pilot bulb .. 

Vacuum Tube Voltmeter 

A standard bridge type vacuum tube voltmeter circuit· is used for q;.uant:t :.ative 

measurementso It should be nqted$ Rl5 is used to balance minor ~iate current 

irregularities when replacing the dual triode VTVM tube (5692 or 6SN7 GTA)o 
. ~ . ~ 

Bridge unbalance is measured in the cathode circuito The Calibrate Push­

button ,(B) (red) is used to qalibrate the microammeter for maximum deflectiono 
. ' 

This is accomplished by setting Selector Switch (H) to X 1 Sensitivity and 

adjusting Calibrate Control (C) (red index)o Zero Set (D) 3 of course 3 is 

used previously to zeroize instrument correctlyo Correct sequence is listed 
. ' 

in the section3 Operation~ CAUTIONg · ALWAYS set Selector Switch (H) to X 1 
; . 

when calibrating instrument~ If this switch is left on X 10 Sensitivity oos= ' . ' . . 

sible microammeter damage may resulto 

Audio Alarm 

With Selector Switch set to AUD position~ a predetermined concentration of 
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vapor (Set Screwdriver Adjust R 9a marked AUDs mounted on chassis) will ener­

gize RE~l and interrupt pias voltage of Pu.lser Tube (V 9), this in turn .con­

trols RE=2 in p1_ate circuit of thyratron and keys Audio Oscillator (V 8) 

which energizes speakero 

Chamber Contamination Switch 

If Vapo~ Chamber is suspected of contamination by Hg, the instrument should be 
1''.<'-

'adjusted ·ror Zero Set and Full Scale Calibrate in the normal manner .. 3=.3 (Con~· 

tamination Switch) should then be turned off, stopping Vapor Blovrer (B-1)o If 

the chamber is ;contaminated with Hg the microamrneter '..rill shov1 a definite pos­

itive deflectiono 

. CALIBRATION OF X 1 AND X 10 RANGES 

Hg Calibration ~ X 1 Range 

Hg Caliqration of X 1 Sensitivity Range is not necessary under normal operat= 

ing conditionso If an accuracy check is desired.~~ the instrument should be 

placed in an area where the air is · fre.sh and devoid of contaminating vapors, 

smoke, etc~ A small.~> stoppered, .flash of Hg (temperature ·to be at twenty de= 

grees centigradeo) with neck f~Sf s1,l.fficient diameter to allow convenient in~ 

sertion of Rubber Sampling Hose 3 should be readiedo After rout~ne adjustmefits 

(Zero S~t and Full Scale Calibrati~n) have been made 3 t.h~ actual Hg Calibration 

on X 1 ~nge may be perfornllido · Upon releasing the stopper, the Sampling Hose 

should be 1held within one quarter inch of Hg sutfaceo ·'Following this pro­

cecJ.ure a·reading of 78 (plus or minus·a:'2 percent movement accuracy) should 

resulto ·. Do notr· allo~;r Sa~pling Hos~ to touch Hgo If this is perrnitted, a con~ 

· taminate.d hose res.ults ~ causing inacourate measurements, In case of acoiden~ 

tal 9ontamination, the affected portion of the hose ·s,hould be destroyedo 
. I . 

CAUTIQN,g UNDER NO CIRCUHSTiu'1CES ATTEHPT Hg CALIBRATION CHECK \tilTH RANGE 

ffi{ITCH IN X 10 POSITIONe 
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Calibration - X 10 Range 

As the X 10 Range is a sensitivity multiplier, no Hg methods are necessary,;: 

Following routine adjustments (Zero Set and Full Scale Calibratell t.rith Range 

Switch in X 1 position)~ rotate Zero Set (D) clock\..rise until the microa.mmeter 

indicates a deflection of E:xactly ten divisions e Change Range Switch to X 10 

position and a full scale deflection of the meter should result., If this 

reaction does not occur rotate Screwdriver and adjust R 8 (marked X 10, on 

chassis) t.o obtain ito Upon completion of X 10 Sensitivity Calibration, the 

Range Switch should be returned to X 1 Range and the microammeter restored to 

zero deflectiono 

Audio Calibration 

This is a Toxic Limit Alarm$ and as such, the circuit is calibrated to function 

1,rith vapor densities of Ool milligrf:l.ms Hg per cubic meter (10 divisions de­

flection X 1 Range or Full Scale d~flection X 10 Range)o A check for operation 

may be obtained by offsetting Zero Range switch over to AUD position. If pro-

perly calibrated, fulsed Tone Alarm will now commence operation.. Following 

this check the instru.rnent may be considered ready for service., 

STABILITY (U1UT WARN UP PERIOD) 

Short Routine Checks 
.. 

For routine checks the Vapor Detector should be subjected to a 10 minute warm 

up period. This allows the UeVo G 4T4/l and associated tubes to approach 

working stab:Uityo 

Continuous Service 

If continuous remote external operation is desired a warm up period of 6 hours 

should be observede As the precision of the Vapor Detector is governed by a 
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sensitive bridge circuit~ this length of time is required to allow circuit con-

stants to attain a consistent operatirig.temperatureo 

DETECTABLE VAPORS 

While undertaking vapor measurements in the field, extreme precautions should 

be taken to see the following conditions do not existo If they are present~ the 

,_..... . . ·operator shoUld be ~ogniz~nt .of the· fact. in as much as this matter could hmre 

an appreciable effect upon vapor measurements being attemptedo The conditions 

are:; 

Smoke 
Dust 
Fog 
Ozone 

The Vapor Detector is sensitive to vapors of the following substances$ listed 

below in descending order of magnitudeo 

Positive Deflection 

Isopropyl ether 
Tetraethyl lead 
Pyridine 
Benzene· 
Mercury* 
Diethyl acetal 
Acetone 
Toluene 
Illuminating gas .. 

Moderate Deflection 

Naptha 
Xylene 
Benzyl alcohol 
Aniline 

* See Flgure 5 for calibrated curveo 

Slight Deflection 

Carbon tetrachloride 
Nitromethane 
Tetraethyl gasoline 
Dichloro benzene 
T~butyl hydropent.oxi.de 
Butyl bromide 
Carbolic acid 
'J'~tralin 

Turpentine 
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MERCURY VAPOR DETECTOR 

UCRL MODEL IEPS 
FIG. I 

MU3511 
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