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1?REFACF~ 

This report, de scribes -the de sign and con­

s-truct,ion of a mass spectrometer built for th.e 

Physicri Laboratory at Oklahona Agricultural t:v.'1:d 

llech&Jlfou.1 College, Bt:tllu2ter, Oklahoma. 'i'he 

princlpal features of 5t,s design are patte1"n0d 

a.i'ter a desig:r1 r3tnrted by D:r. 0. A. Nier of 

the University of 1Jiinne:sota, in a paper pub­

by n Review of S.cientific Instru.ments11 , 

Vol. II, P• 212 (1940). 
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Tl ge r 1 .. r.gen:ent of he _ gn tic 

sho-n in Fig. 1. 

MAGNETIC FIELD 

\/ 
A 

Fig. l 

he positi io s e t . ·d th ion · som e an ac le ted 

!31 otential . Aft r passin through t 

slit ( ) io B h larger otent 1 to slit 

(b) 'Where t y nt r a fi id ce . t.raveraing this 

they encounter t. 

trave to rd the slit (e) d (d) re , after len ing thro h slit 

{d) , the ions captured in th araday ( ) . e 1 . current 
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the11 is :meaau:red by the current measuring device (A) • 

The ion path is directed along a 3/4 inch brass tube which is 

bent in a horizontal plane around a radius of 12.5 cm to its cent.el'. 

Cne end of this tube is nounted in the ionization chamber which con­

·liains the ion source and accelerating slits, tro.ile the other end is 

mount.ad in the collecting chamber which con:l:.ains the Faraday cup. 

These two chambers ure supported by 1-1/2 inch brass tubes which are 

screwed through .flanges to a table. 

The spectrometer is evacuated through the tube supporting the 

collecting chamber .and this tube is connected to the vacuum pumps 

and traps located benea-th t.he table. 

For purposes of adjustment, the magnet is supported on top or 

the table on wooden tracks. 
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Details of all co~onents of the instrument are presented in the 

drawings and deseript.ions accompanying this report. 

THEORY 

Consider an ion with mass m; a chai"ge e and having a velocity v 

directed along line AE. As it enters normal to the boundary of the 

magnetic field its center of curvature in the :magnetic field must be 

along line ED. If it is required that the particle pass through the 

point Bit then must also leave the magnetic field normal to its 

boundary and its center of curvature must be located at point D. 
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In Fig. 2, AD= DB, LQ =LO _and LAED = LDFE = 90° 

'rhe magnetic field e:::rorts on the ion a centripetal force vhich 

caJl be r'Elpresented by Eq. 1. 

where 

fl§_y - mv2 
c - R 

H = magnetic field intensity in g~uss 

o = ionic charge in ESU 

~J" = yelocit.y in en/ sec 

r,1 = mti s s in grams 

R • radius of curvature in cm 

(1) 

If the ion obtains its velocity by falling through a potential 
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difference V, then its kinet.ic energy can be represented by Eq. 2. 

, 2 eV 
~m.v --
2 - 300 ergs 

"Where V is in volts • 

Eliminating v bett.reen Eqs. 1 and 2 leads to Eq • .3. 

If the unit of rr.ass is taken as that of the hydrogen atom 
1 I 

(1.622 x 10-2-+gm) and the unit of charge is 4.80 x 10-lOesu 

then 

or 

~ : 4 .82 x 10-5 H2R2 
e' . V 

where 

m1 = number ·of mass uri.its 

e' ·= number of charge units 

H = nmgnetic field intensity in gauss 

R = radius of curvature in cm 

V = accelerating potential in volts 

(2) 

(3) 

(4) 

To show the direction focusing ef'fect of this arrangement, 

assume an ion dil.'ectecl along a path AE' at a small angle ~g to 

that of the previously considered ion. Considering that th0 speed 

of this ion is the sa:ne us that of t,he first, it will follow. a 

path whose curvature is the same as the first and ;i.ts center of 
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curvature will be along a 15.ne perpond:i.cular to· its path at the point 

where it enters the field or along the line E I D' • If the ion is to 

pass through the point B its center of curvature must be at D'. Then, 

if the length of the line E 1 D1 ca11 be shoun to be equal to the radius· 

of curvature ED caused by the magnetic field, the conditions for 

direction focusing are fulfilled, 
E' 

Fig. 3 

Triangle.E'D'D1 has been re-dra~m. in Fig. 3 shoitlng its angles 

as determined °b'J t.he geometry ?f the figure. 

but 

and 

AE : ED 
tan .g 

therefore 

EtD: ED_ ED tan4,:l~ 
· tan Q 

or 

(5) 



(6) 

. (7) 

The coefficient o~ the ED tem of Eq. 7 is: .eqtldl tQ U?dty 

provided 6.fi in ~ .~1 ·that 

~6.~:.~·-. 
~6'1:·6,G 

This mans that U' too ~ !f'>f dive~ce is .~d tt,. ·~ ·emrtll 

angle, ~. wlociey at the tw ·iouu :ts ~t ,and ~st., Eq. 4, 

. tbair paths till inter~ a\ point B or l'i':ig.. 2.. . · 

re:,. r. B~ has· p:m:mited G;. t10re· generd tmJ:\t.~ut 1,>f the· 

f~ pl'Qperiies ef tbis -~ .. 

..... _ .. ,. W .' r t 1·· .i .J.!1 I .. _ j,1 -r _i 
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MAGNET JlESIGW 

The dimensions of the magnetic circuit are substantially the 

same as those presented in the Nier2 :report. The pole faces differ 

in design and size in order that unusuable flux may be partially 
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elind.nated, thereby increasing the flux density i'or a given magneto- · 

motive force. The basis for this change in pole .face size is u brief 

indication of the fringing effects encountered by :Nier with his 

magne·t. He stat.es in his report that -the f'lux can be considered 

uniform across t.he pole face ond for a distance equal to the air gap 

from the pole boundary. At that point t.he flux is .cut off shaiply. 

The pole face was designed so that if this condition holds true the 

desired path of the ions will be at the pole face. The area of the 

pole face is about. 10,85 square inches as conpared to 1'7 .'75 square 

inches used by Nier. A comparison of the two pole faces is presented 

in Drawing 7. 

The core of the ID.'\l.gnet and the pale pieces were cast .as a unit 

of cor:unercial grade S .A .E • 1020 steel h'.r the Oklahoma Steel Casting 

Company, Inc., at '!ulsa, Oklal1oma. Tho yoke was cut .from a piece of 

scrap plate obtained from the same company and was accepted as the 

saire 1Jmterial. Magnetic properties for the design of the magnet were 

taken from the International Critical Tables for a similar material. 

No magnetic ·t.ests -were conducted to confirm these values for the 

material used. 

2 0. ,1. lJier, "~N~§~~BP-~<:;trQ~J;,~,:t:,J'9~_Jlqy,j;J11~.c!£iQ-tQJ?t,L~Q)Jl'ldange 
~M~ments," RevieH of Scientific Instrt1.1:1Emts, Vol. II, pp. 212 
(1940). 



The design Has based upon a r:1axin1m1 f1ux density ii.:i. the iron of 

15,000 gauss, and a permeability of .3,000. The reluctance of the 

complete nmgnetic circuit was calculated to be about 0.0154 CGS U.'1its 

of which 0.0150 tmits was due to the air gap. The t.ot,al fluJ, alloi:ed 

by tho maximum flux density of 15,000 gauss in the iron is 1.16 x 106 

Ilk"l.X',,'811s a .. '1d to obtain this flux requires Ll;.,100 ampere turns. With 

no allowance made for fringing effects, this gives a flux density 

between the pole faces of 8,t,50 gauss. Roughly accounti:ng ror fringing 

effects by increasing the area by the gap width results in a flux 

deusity of 5,500 gauss. 

The coils irore wound with Ho. 14 For.r:1ax covered annealed copper 

wiro. Paper .021" thick was placed bet1,:ieen layers. The spools uere 

made by soldering flanges l/811 thick and 6-1/2n outside diar:eter onto 

4"- .06511 brass tubi:.1g 8-1/L/ long. As a result of a variation in 

winding t,echnique, one coil contains 1,862 turns and the other con-

tains 1,881 turx1s. ·ro obtain the design magnetomothre force then re-

quires 3.8 amperes. 

The entire vacuum i:r;rstem 1..re.s constructed of brass tubing and plate 

e,nd t.he details of construction can be obtained from the accompanying 

drawings. All permanent Joints were Dade with "Easy flow 45n3, a 

commercial silver solder containing 45% sil var and having a melting 

point of '785°C. Joints that co1.1ld not be made with silver solder a."1d 

3 "Easy flo;,r 4511 can be obtained :from The Metal Good Corporation, 
North Boston, Tulsa, Oklahoma. 
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joints to be disconnected were made with common soft- solder. 

Flanged joints provided complete accessibility to t_he eleo-

trodes and slits in both the ionizat:i.on cha..."lbor and the collecting 

chamber. These joint,s were sealed with lead gaskets and held by 

eight 8-.32 1•ound head brass nachine screws. A die alld punch for 

cutting these lead gaskets has been provided. 

Electrical connections to both the ionization chamber and col-

leoting eha.m.ber were made through Kovar-Glass Seals obtained from 

Stupakoff Ceramic Company. 4 Soft solder was used to make all conneo-

tions to these Kovaz,-Glass Seals because the risk of cracking the 

glass becomes much greater at the temperatures required for silver 

solder:i.ng. 

The oil diffusion pl.UlJ> used in the system is a VMF-10 produced 
r.:. 

by Distillation Products Company .. , It has a capacity of 10 liters 

per second at 10-4mn1 of' mercury pressure and a guaranteed ultilF..ate 

pressure of 10-6:mm. of hg. 'l'he p~ requires 150 cc of noctoil11 pro­

vided by -1:,he same coq:,any. 6 A 1/ 4tt copper tube has been provided 

for filling the p~ with oil. 

A uater jacket ua.s placed arou.'lld the horizontal section of the 

piping to condense &J'J.Y of tho oil Yapor that. :might escape from the 

4 Stu:pakoff Ce1.·c.rnic & Henufactm:·ing Cowpany, Latrobe, Pa. 

5 Distillation Products Inc., Vacuun. Equipment Division, 755 
Ridge Road West., Rochester 13, Uew· York. 

6 T. J. Horgan, U~J.JJ:if.fU.§.t9B .. P.~@,,_j,11J:~~~-~.lt£~~S:t:~, 11 

Review of Scientific Instruments, Vol. XVIII, pp. 926. 
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· diffusion pump. Care must be takon to direct the flow of water 

through the water jacket in the proper direction. One tube extends 

to the top of the Yater jacket and is to be used as the water outlet . 

Provisions wre made -t;o absorb the water vapor present by placing 

a phosporous pentoxi.de trap at the bottom of the tube connecting to 

the collecting charaber . The phosphorous pentoxide is contained in a 

heavy lipped flask and held by a brass yoke to the flanged end of the 

tube . The seal is made by a rubber gasket . 

Swedged joints connected with soft solder provided a means of 

removing the diffusion pump .from the system and another joint of the 

same type was provided immediately below the table in the tubing sup-

porting the collecting chamber. 

A brass "stop and waste" valve was placed bet wen the diffusion 

pump and the fo~pump connection . This valve is a standard water 

valve with the threads bored out for soldered joints and the plug 

lapped in with fine emery . Valves of this type have been successfully 

used by Saxon and Richards . 7 

If it becoioos necessary to install a valve between the diffusion 

pUDJ> and the collecting chamber, space has been provided at the end 

of the horizontal section of the piping through the water jacket . 

The plug that containo a pressure connection and seals this horizontal 

tube is fastened in place with soft solder for easy removal . No 

7 D. Saxon and J . Richards, "A Vacuum Lock for Contin ou 
Evacuated Systems, 11 Review of Scientific Instruments, V-01 . XX, pp . 745 
(October 1949) . 
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design for this valve will be presented in this report . 

ION SOURCE 

The ion source for gases differs in principle from that used by 

Nierg in that the magnetic field across the ion chamber is reduced to 

zero . Electron collision was the process used for ionizing the gases 

but the orientation of the electron beam was altered from th,e Nier 

design . 

A very detailed analysis of the Nier design has been made by 

Jordan and Coggeshall 9 showing the effects of the magnetic and eleo-

tric field on the paths of the electrons and positive ions. The con­

ditions for minimum mass selectivity are presented both for an · ion 

source co~letely submerged in the magnetic field and one such as 

de scribed by Nier 'Where the field is only a stray field from the ana-

lyzer magnet . The conditions imposed on the Nier type are such that 

the measurements made at differing magnetic field intensities can not 

be relied upon to better than about 5%, and that measurements made Yi.th 

varying electric fields can not be relied upon to better than about 

1% due to space charge effects . 

The electron beron is orientated so that the electrons are direct-

ed across the collimating slit as sho1,m. in Fig . 4. The electrons are 

accelerated from the · filament across the slot of the ionization cup 

8 A.O. Nier, Qp . Cit ., P• 212. 

9 E . B . Jordan and D. D. Coggeshall, 11 Measurement of Relative 
AW~ ~~i.-111:....w.w.....- .-.-.~ ~ ;at.rometer," Journal of Applied Physics, 
Vol . XIII, PP • 539 (1942). 
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and are collected by the Faraday cup . An adjustable slit is used to 

collimate the electron bealll as the electrons enter into the ioniza-

tion cup . I ons formed in the ionization cup are accelerated by a 

small potential bet"1een the ionization cup and the first accelerating 

plate and are further accelerated to the second accelerating plate by 

a much higher potential . 

I ---- £.LECTROt.l PATH 

- .......____.--r--/r1 ----
'------.....__lot-ii Z:A TIO~ (UP 

(,...· -------..____! F1Rsi l\ccE.LE.R.AT1NG PLl'.i£. 

I 

-------,--.-------....,._ '.:>ECOWD Ac.c.ELE.RATINC. PLATE. 

ig . 4 

The electrostatic field of the ionization1 oup was mapped by the eleo-

trolytic tank method and the potential lines are show in Fig. 5. 

It can be noted that a ver.; definite focusing effect exists and that 

this effect is such as to produce a larger ion current and possibly 

produce some selective effects to ions of different mass charge rati • 

Ions formed by the electron bealll will fall through about 94% of 

the potential betl-Jeen the ionization cup and the first accelerating 
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plate regardless of the position at 1.1hich the ion is fanned along the 

electron path. The width of the slit in the first accelerating plate 

will determine the upper limit to this voltage . The spread of the 

potential through which the ions will fall will · range from 94% of the 

potential to an upper limit determined by the slit width • 

. 94 V 

,8,V 

.6 V 

' V 
,2V 

Fig. 5 

In order to minimize the energy spread it is necessary to use 

small potentials between the ionization cup and the first accelerat-

ing plate . Utilizing small potentials allows the space charge effects 

in the ionization cup t o decrease the energy spread still further •10 

With the design employing these principles, a few difficulties 

arise which leave doubt as to the adYisability of the design. 

First, the focusing of the electron bealll must be accomplished by elec-

10 . c. F. Robinson, "E fects o .§P.Ape C e ~ 
Prgperties of a 180° Mass Spectromter," Review of Scientific Instru­
ments, Vol . XX, pp . 745 . 



14 

trostatic fields and second, the increase of ion current expected by 

the configuration will be decreased due to space charge effects . 

Further, there is some doubt that this method does actually provide 

less mass discrimination than one employing a magnetic field . A com­

plete analytic study of the mass discrimination problem has been stated 

to be impossible by Jordan and Coggesha1111, but no experimental data 

are available to confirm this point . 

The mechanical design of the ion source allows adjustment of the 

slit widths and orientation of the slits relative to each other. Com­

plete access to all electrodes is had through the end plates of the 

chamber . All electrical connections -were made through Kovar-Glass Seals 

soft soldered to the end plates of. the chamber . The electrodes were 

made from nickel sheets . 

THE COLLECT rnG CHAMBER 

The collecting chamber is identical with the ion chamber in exter­

nal appearance . The nickel collecting slit is adjustable in width and 

ions entering through the sli t are collected in a nickel Faraday cup 

after passing thro-ugh a grid which is held positive with respect to the 

Faraday cup . This grid is to eliminate any secondary emission caused 

by ions bombarding the Faraday cup . 

The grid and cup w1ere mounted on the cover plate of the chamber 

through Kovar-Glass Seals as shown in Drawing J. 

11 Jordan and Coggeshall, Op , Cit ., P• 545 . 
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Details .of the gas admittance valve are civen in Drm-rlng 5. The 

valve operates or:i. the prlncip-le of thA differerrtial screw. A screw of 

27 threads per ineh operates in a threaded piston. A standa~d 4/0 

steel taper pin is pressed into the three.dad piston and fits into a 

brass seat. One tum of the differential screw moves the piston .0013 

inches and changes the cross sectional area of the opening about .QCPL~ 

square inches. 

A metallic bellows is used to eliminate all packing. A coarse 

adjusting screw with a lock is provided which moves the steel taper pin 

.03? inches per· turn. 

It should be noted that this type valve or a:ny other type which 

uses a gas flow and throttling process produces some selectivity by 

allowing lighter gas molecules to diffuse more easily than the heavier 

molecules. 

AUXILIARY EQUIPMENT 

The following auxiliary equipment will be re.quired for the success-

ful aperation of this instrument: 

1. Voltage source for ion gun 

2. Current source for oognetic analyzer 

3. Current measurement device for eclleetor 

4. Gas handling equipw.ent 

5. Pressure gauges 

Hone cf this equipment was constructed, but sol:l'le consideration was 



The aeceleratirlg volkge tt.:uat be stable to ®$ pal't .m seve1.,ll 

thousand.12 A batwry eould be ·used for· tb!s purpose or :an elec­

tronic device such es deaerl.bed by .Wier13 can be ~loaed. 

Tl1e o~t .~ for the tdaguet r:1tUlt be at. least ~w tkeis 

as stable as t..~ treeelem.ting voltage since '!.he !llaf~4)tic t":t~ld 

strength appeors as -a squared term in Eq,. 4.. A storage batter., can 

supply this euri-en.t .or it ~ be 1-egulated by an ele4tronic device. 

The magnet was designed to be OfJemted at relattvely ld.p)l currents 

Yhidl t«:>uld be difficult, to control with ordinar., vru:.tntt.-n ~s. 

iU.er14 has pressnted a desi~ .for a ~nt. regulator .tor 110 FtfL 

EaX •• but this dosign could no't. be used for this par".J.cular :magnet 

tdth.out o.o(lif1eat1on. An earlier paper bt'f 111er1S presents a design 

.fer a eurrent ftt~:tletor which lmS built .for a ~t of similar de­

s1gri,. 'ibis device adjust$ too accelerating vol~~ to <tOmpensate 

for magnetic tield. fluetruit!m.ts. 

. .. . . . 

13 o .. A,. tU.er, nuass _§pp.$ft~~~!L12r~L~Ya.ih~ Re-dew ot 
Scie.nt.!tic In~t.l'"l'.!Zil.Gl:l.'b.S_, Vol. JJ!IrI, PP• 198. 

14 lll14,. Vol. XVIU, P• .39g., 

l5 o. A., Bier,, i..1El~Y-~2.t)~c!.~~~ritL~,!'M!t~n~~nt. Vol. VI, pp,. 254(35). 
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for Collect,or 
._,...., -- .... 

ti. major- consider2:t.io:n for the current measuring dev:tce ot,her 

than being sens:i:t.iYe to current. of the order of 10-15 to 10-16 amp. 

is its x·espo:nse. '.i'o make relative abundance measm"ements it 

.is important, to have tho response tine sufficient,ly f;;hort to assure-

that ·ch0 ion cu:crent, does not change during the :readings. 

Very extensive literature exists o:n the design of simple elec­

trom.eter circuits employing the FP-54 electrometer t,ube .16 - l7 

Ot,her lest1 expensive tubes can be employed in a variety of circuits 

but with less sensit.ivity.18 

Recording mechanisms cf various designs Cl?J1 be ~Hl1'1Jloyed ·to 

simplify the measurements but the requlrorri.ent,s for fJUCh a device 

deraand 'tfecy careful design. Two such designs, one by Hierl.9 and 

t 1 b " • ] t 120 h .,. • .• . ano i:1er .,y 1-1:i.pp _e, e a · ave proven sav1s1 acrtory. Coni.panies who 

produce mass spectrometers 

factozr,r . 21-22 
devJ.ces. 

17 
L. A.. DuBridg0, n-rhe l:1.11;pl:tficatic:r1 of )3LJ.a,11, Di:rei:r!; _Qu,n>(-,nt s, 11 

Physical Review, Vol. XXXVII,-pp~ .39i (Jir. 

18 V. J. Caldecourl;, n fu.1 _ Electrog1etor Anm).ifier, « Review of' Scien­
tific Instruments, Vol. XX, pp. 748 (October 1949). 

19 f! '-_) .. 
20 HippLs, Grcnre, 

21 Consolidated Engineering Cor-p o, 300 N. Sierra Madre Villa., P asa-
dena 8, California. 

22 
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It, should be pointed out that; the response tirrie of the record-

ing device can become of ninor importance provided so:m.e type of 

aut,omatic ion <.mrrent :regulator Cl?J! be devised. Such devices have 

? " been employed by ~/inn and Nier •. :...:i I'wo different principles are 

employed; one controlling the filaruen'li current, the other controlling 

sp0.ce charge • 

I'he ~quirement t,hat t:r:1.e gas rsarnple be introduced into the 

ionizatio11 charriber at a pressure of t,he order of 1cr4 mm of Hg. with 

minimum separation of particles o.f different mass is the only im-

port,ant consideri:rUon. The nature of the gas and its source will 

control to a great extent the particular equ5.pment errployod. 

Stamle.rd pressu:re gauges can be installed at two points pro-

vided. One gauge or1.tlet is loc111ted at the ionization chamber. 

Another gauge outlet is located in the pu:rnping manifold. 

It would be very desirable t.o completely redesign thE', ion source 

to eHminate of the tmd.esj_rable features. The filaJnent mounting 

is very poor and · shottld he eorrect,,;d t,o prmride t,ension imd to allow 

e:;ipr~nsioH of t.he fila.ri1errt when hea't,ed. A better focusing method should 

he provid~d :for ·the electron beam. 

23 E. B. Winn and 0. A. Nier, !lS:iiiip:1j,fi9dJl:Jt1!Jl§;lon._Jl@gµl~k9+'5or 
k1r¥1JL::JI1~Q,].1''0l]§)..i_e,_r," .Review of Scientific I1:u:rtrmnents, Vol. XX, PP• 773. 
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The ve.cuum SJstern should i11clud0 i, liquid air trap if the instru• 

ment is to be used for absolute 1:1easm·aments of isotope abundance. This 

can be installed i:a place of tho phoaphorous pentoxide ·l:.rap. 

The cape.city of the vucu.um pumps rriey be questionable, especially 

when the instrument is used for gas analysis. Distillation products 

can supply diffusion pumps of the as.me series with a capacity up to 

20 liters/see at irr-4 FJ1J.. of Hg. in ~il""".C06led :rr:odels and up to 100 

liters/sec at 10-4 mrn .• of Hg. in water-oooled med.els. The. VMF series 

also includes the VHF-SO and the VMF-260 uhich o.re three stage water­

cooled pU.l'flPS with 80 and 260 li"h,ers/sec at 3 x 10-5 mm. of Hg., respec­

tively. One of these pumps may have ·to be used to obtain a suitable 

pressure when gas is being admitted to the ionization chamber. 

The lapped surfaces of brass stop and uaste valve between the 

diffusion pu:mp and fore plh'1lp were not as smooth as was thou.git necoss-

a:cy. If leaks occur in the valve it ca..'1 probably he remedied by further 

lapping with a finer emer;y and rouge. If the valve still does not 

operate satisfactorily or if the surfaces can not be brought to a fine 

finish it may be :possible to elimi11ate the ·trouble by replacing the 

brass plug by a he.rdened and ground stoel plug. Since metal valves of 

this type are not standard. technique, the valve was soldered into the 

system with soft solder for eaey :rem.oval. 
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