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Figure 1 , Diagram o f  Owen*s Inductance Bridge,
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aad a re  fix ed  standard  condensers o f va lues 0.15 

s a t  0.08 mfd respec tive ly*  As It-.was decide©. to  us© a 

frequency -of 500 ■cycles.*, sad branch impedances o f  5000 

ohms, {see the  chapter on Bxperimental Worlds these  

r a is e s  o f  cap ac ity  were ca lcu la ted  to  g iro  5000 ©lass ■ 

impedance. fhe n e a re s t r a is e s  a v a ila b le  were- then used.

S I s  a  f ix e d  standard  re s is ta n c e  o f 5000' ohms.

file source o f  current may b© a  buzzer, a  m aintained 

tun ing  fo rk , a  .m©t©r*driv©a s lte m a t© r# m  a  vacuum tub© 

© so illa to r*  fhe  f i r s t  two sources mentioned both em it 

a  lead  note and the device mast he placed seme d istance  

sway and in  a  sound p ro o f box, so th a t  th e  d i r e s t  no te  

w i l l  n o t he heard i f  telephones a re  t© he used fo r  d e te s t ­

ing the  p o in t o f balance* Also the  buzzer has a  ra th e r ' 

Impure ware form, a o to r-d r lre n  a l te rn a to r s  g iro  a  s a t i s ­

fa c to ry  ware form and' a re  su ita b le  fo r  low frequencies 

h o t a re  u su a lly  to©' cumbersome fo r  use. in. the f ie ld ., fo r  

frequencies above say , BOO cycles *. the, vacuum tube o s c i l l ­

a to r  I s  undoubtedly th e  most su ite d  fo r  precis©  te s ts* - 

I t  g ives an 'adequate  ou tpu t a t  a  steady  frequency and w ith  

a  good ware form*- A v a r ia b le  frequency vacuum tub© os* 
d i l a t o r  was used in  th e  experim ents, so th a t  the e f f e c ts  

o f  d i f f e re n t  frequencies could be .investigated*

Whatever the source chosen, i t  i s  adv isab le  to- conn e a t



a
i t  to the b ridge t h r e a p  a small transform er* By providing 

m  ea rthed  screen Between the two windings, capacity  e f f e c ts  

Between, th e  mm*c# and Bridge a re  minimized* i t  l a  a lso  

w ell to  e a r th  each p a r ts  as one s id e  o f  th e  am p lifie r fo r  

« a a p le *  to  mate the  whole instrum ent more stab le*  I t  was 

found 'that w iring  the  p a r ts  in  each a m an o r a s  to  reduce - the  

in te rn a l  c a p a c it ie s  between w ires and u n i ts  also, .helped in  

the  performance o f  th e  bridge*

'for d e fec tin g  th e  p o in t o f  Balance* headphone# were used* 

connected through a two s tage  transform er-oonpled a m p lif ie r  

which happened to he ava ilab le*  I fh ls  am p lifie r I#  no t shown 

.in  the  c i r c u i t  I* th re e  stage#  o f  re s is ta n c e  coupling would 

probably be b e tte r*  and a low pass f i l t e r  i s  recommended to: 

cu t ou t harmonics and. thus ob ta in  a  b e t te r  n u l l  poin t*  With 

a  co n stan t frequency source o f  no t too high a  value* a v ib ­

ra tio n  galvanometer I s  sa tis fa c to ry *  Indeed* fo r  ou t o f  

door# worh, A c r e  the n o ise  o f  wind* t r a f f ic *  etc*  may cams# 

the use o f  headphones to  be im practicab le , I t  may be found 

necessary  to  u se  a v ib ra tio n  galvanometer* ■ th e se  may be made 

in. a  very  sm all size*

In  u sing  th e  bridge* balance i s  ob tained by varying only th e  

re s is ta n c e s  Pg and Q* fh i#  i s  easy*, a s  the  two adjustm ents 

fo r  balance a re  independent o f  each other* In  the  c i r c u i t  

shown, in  f ig u re  1* th e  branch impedances a re :
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• s  *  «  -   f ,  
cTvhi

JSg

X

B *

S4  * 1
At balance*

m s

■f 3? -f J to X) f'«* m .. »  fQ •  |  I  ■«# ■«*. «• * --(3)
Co %  ^

S eparating  r e a l s  and Inm glnaries

% £ * Sgl •  ^ •  e .|g |

a n t  x *  -<* -  -  ~ m
l a  p ra c tic e , th e  inductance o f the  t e s t  c o i l  l a  a i r  i s  

f i r s t  measured, and then i t s  inductance when ly in g  f l a t  on 

the face  o f  the  rook whose s u s c e p t ib i l i ty  i s  'to he determined, 

the  d iffe ren ce  In th e  two values AbtalnM  i s  a  measure o f  the  

su scep tib ility * .
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"V the relation between the change in in&mtmm m  fltm  
of the coil and the permeability m  susceptibility of the 
medium on which it- is laid is somewhat complex* and the 
writer know© of no article dealing- directly with this sub­
ject* However* an outline of one method Which may prove of 
use will be- given* It ie need In the oaloBlatien of mag­
us tie fields in else tries! m®Mmm out Involves the deter-
m inetlon o f  the  permeance o f  f ie ld  path©* $M a -method i s

' IS  I  ■
re fe r re d  to  by lorapetoff b u t Insufficient d a ta  up© given, 

b y  h  im  *

the field to# to a simple current or element of current 
a t  th e  In te r fa c e  o f  tm  m etis i s  shown spproxim stoiy la f ig - -  

are E on page XX* fhe line of force will be closer together 
in the medium of higher permeability* ft© general principle 
applies that the lines of fere© and the equip©tenti&I sur­
faces mmmm such shapes and directions that the total per­
meance becomes a maxlmoa* or the reluctance a minitmiia*

lin e#  the <P * the perm eability*// * a re

oonneot«a t>y th» re la tio n  <P - * where & I s  the area ead *
the length  o f  the path, the permeance I s  measured from the 

d is tr ib u tio n  of the f ie ld  and the permeability then found*

Bus to- m athem atical d if f ic u lt ie s* , however* a n a ly t ic a l  ca lcu ­

la t io n  o f  permeances I s  fe a s ib le  only  in  the  sim p lest cases*
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Figure 2 . Magnetic F ie ld  due to a s tr a ig h t  
current a t  an in te r fa c e .
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In  prmotio&l ttess~ tlm s& sio8&X grofetons itmmmm  m s t

te feat to a gr&phloal mstted of trial and spproî imitoti to

o rd e r to  o b ta in  to e  a s x i m  permosiio#* Pwos&ar## te w
W

M on vqxM  o u t %  lo rd  a te  S otaaaa ■ fo r  toartag

m% a  f  i#M * to #  g en era l n e tte d  to  to  imp to#  f ie ld  In to  

oaoli ooila te mmmrn of llxt&s of tow# and ogulpotsiittol
u sin g  on#11 a o ra  #mdgm#at* to #  to t a l  p m m a a #  I s  

to m  olsom totod lor p ro p srly  mmMmlu g  to #  p a n sa so ss  o f  to #  > 

00U 0 to  #0i*l0s  and p ara lle l* - to#%  to# mmm&A d ira u tio n a  

s r#  m odified a  M tf to  and to e  perm aiie# o&lanlat&d agotto* 

u n t i l  tor suooessiTO t r ia ls *  to#  p o s itio n s  o f  to#  l in o s  o f  

fo r##  a r#  fte a d  f o r  to io Jt to #  po&mo&oo hnmmm a  aaslpasi* 

Qoasld&r ■ a  s la g ls  loop o f  tstr«* to #  slsotrogsag& stto 

to w s ?  possessed ' %  to# loop a t  t in #  t  ta r in g  to#  te lM fttg  

sp  o f  f m  I s
m  *  i t  e t  d t -

dlf $ i-t t ■*» ■<*r •**» x# «*•» •* *» ** iftll

t Is to JonI#% l t .mni $£$ to# tootootsoocmo

v alu es o f  to #  mrmmt in  amperes and to#  f in *  to  v o te rs
■* ^at the time t. end *t • w  le the inetantananK o.m.f,

to #  to ta l  energy supp lied  from to#  o le o tr lo a l soar## to  

t e l l t  up to# f ie ld  to I ts  fin a l m iu# r/ i s
f-W n I c/^ ** «*. *» * •«* <m» m .m ** ** (81

aw »
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to m moMvm m i <j>t « <pit # vfammf*

i s  to#  pmmmmm of fit© mwomtim o tro m it In  hmxym* Wo m y  
to ta l#  may mm-mt to#  to r##  to ilow ing. #s$rossi<m e f a r  the 
oloo trom gsei ie  oaergy s to ro i In  to e  loops

l  »  Mr. «* «■» «* w »«.■ •* «r -*» m - m- |€  |

|jf I# "||' t- ^  ** **##■■' #♦» 4* w w* ** l  |

W o  ^  ^ •«* *** >**. |0  J

Bfo&fiOit Csl espressos to# fa s t to a t Mm m gaotio  
mmgy s to » §  to  & lo o p  Is  equal to  o & o to a lf to# pra&oot 

o f ton fla x  ana the current* S toatlott I f  I slows th a t to# 
a to ra t %m p r o fo rtfeaa i to  to# stpar#  o f too onrroat
and to  to# perstsanoo o f too magnetIe eiron lt*

talcing too moro general ess# o f a  n o il o f  a  t o s f w# 

h&m $artlo$  a s  w elt ms Ma&Xote tiaJmges# lo r t to l  3 to «  
ages mmmm to o t to o  f in s  t o l to  Xtofes w fto  p a r t o f  to#  tmm. 
is  now o f a  w g a lta ie  ooapartol# w ito th a t o f too f lits  to ta l  
Ito k s w ito all, too t o i  o f too so il*  Cksjasi&orl&g f i r s t  too 

mmptmi® iit&agea* o r too energf fee  to  to© fle x  to l to  M ate 

ifito  a l l  to# t o t e  of too so il*  to  f in t  th a t, by mpmmttmg

to#  reaoottlag  gliren to w #  fo r  a  s in g le  loop*

Wc w ^   ̂̂  t ** »■* ■**» **■ **■■** « ■*#■ *• «*■ •** | 0 |

Wm energy o f  to# p a r t ia l  lin k ag es l a  eaX eulatet la  a
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s im ila r  mmmm s a l  msar to  stoma to  to t
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W §>i ^  (10)

ana the to ta l energy of the c o ll 1b

«» .4# m* mm «■» 4*. 'l*' 4*

Assuming that toor# £0 no isato&X to&aatoste#,
g a  i2 %  d e fin itio n *

w tor# 1 - I#  t t e  ia too tano#  fa  toargra*

or , 2
i  # % I  / t

•  ®VC + £  np2Â Pp 4* ■ ■«* m m> mm mm «* •ItB }

o r  ra p ta o to g  t t o  soimaatina to  an iatap*& i*

It a  a  E(PC "+■ l̂ p bd (f̂  **
O

If to mplsa# ton astonl noil to a ftntittotie noil of 
eqaal iatmotaao# and too $*ma atmtor of toms* tot without 
partial, linkages* w# m w  writ#

1  s  a  ̂  (p » * » * # » * # < »  |JLd i

r  a  *■ « • * * * » *  -*e (101

too atom theory assumes tout ton permoatollty is son* 
stoat* 1b too ease waiter oo&slderatlon howrer* approximately
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wobe

f te  Irfdge as deew ttad  wi» s e t mp mat & t©
a w srish i#  fr®qnm®$ © sofll& tor m  th a t mgr etregr IMfc*
ages we?i a  miMam*

W g& tieimmtla g  wait f i r s t  © a rr lsd  m at t o  d e t t :m iiis  t t e

In fln sass o f ©hsaga la  frstgaa&of* mat o f eafssiltp  s a t
e lse tsriea l ©o&itiatlvltp* #£ -tarn eamplos* a #  o ffse t o f
d iffe re n t hrmnelt isgpedawee was m%m Investigated* and
th e  w stao wtiieii gave tt©  w o t  m m l i t r e  response to  th e

bridge was fow # to  b© around §000 etas* wfetsli m s te a
in te rn a l inpoiaaoo o f tt© © eoiliator output*

fraoaoaof was shown to  be io w terlm l to  a t  l e a s t

300i ogttlos tar ramiliig te s te  a t  to  th a t fie^o iio ir with, a
CH't

w a ll, plea# o f iron  la  tto  so il#  Brown te a  #©©#ito& 
m ob data on th is  m%$m% mat te a  shown fla t*  la  t to  ease 
o f  properly  laminated Iron* t t#  p a n io a til l tr  w  remain 
o o astaa t; a t  th e  m in e  o f th a t In  steti-oaarp fields*  a t

■ £re$te&o$S8 op to  one m illio a*  S ines th e  fra tao oo p  to o

a n t ©riM eal* §00 opolos was ohosoa ohiofip  hooaas# i t  
g&v# a -gooi not# in  the headphones need with f to  bridge* 

fo Investigate  the o f fe a ts  o f mmr ©apaetif in  the 
sample* measurements o f the indaetanees o f tto  00I I  when 

in  a i r  and when suspended over tto  enrf&ee o f a bodf o f  
d is ti l le d  water were made* So- appreslahl© ehange in  In* 
dueianee was observed.
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to  a sim ilar te s t with it wtar&ted solution o f so&im 

of high e lec tr ica l ooM aetlritp, tee etangs- to  
to&weta&ce was m  small mm to bo w iteto the working error 

o f tee imtaemm&&+ -Simm tea m lum  mi tbs dietootrto  
constant sod elect* lea l ooM aettoitf to toss# too samples 
are wall above which would o rtto a rtlf be mmmrntmwrn̂  
to  te e  f ie ld ,  f t o f  map be s a fe ly  Ignored* fh to  ^ |y | |  

m d i^ a m  with erp^iisejiie carried sa t bp Barret*
taste  wars made on same ferric chloride solutions 

and on blocks o f metiMtog slap* and a&itd -aoateialag epaalp' 
d is tr ib u te d  w m t i  o f Iran- powder* th e  s a a o a p tiM litla e  

o f' th ese  sam ples ware known*
5126

A ll tee  samples ware mate sheet tee same. With a
tetolm sss o f IS am, the fie ld  strength a t tee ter face o f
tee e&ecJjgs& m e about Z% # f  teat a t tee oeatw  mi tee so il*
A# th is  small error was eenstaat i t  was neglected antlrelp*
is#  figure € as page 2d*

to  tee m m  mi tee ferric  chloride notations* Koenig*
(M l

ebarger gives tea follewtog relation between tee pereeir* 

tegs o f fftgBtg and tee  volume susoep tlb lliip  o f tee solution,

I  * 3,0® a (88.78 9 -  Q.78J /  4 (18}

where p is  tee percentage o f fegSl^ and i  i s  tee density of 
tee eototlon*

fhe Smttesonton FhpeieaX fames* Ste M ltton* 1933, 
p« 4W m%m gives a relation  between tee percentage o f PoOIg



1 0

and the m as -sasoef tIM X itr m

% w (p /l0 0 }B  -*+* f l  *• p/lOO lH^ ■«* *  »******■<*«•* I l f  |

where 0 is  the  mass s& se e p ilh i11ty  o f pore g iven  as

§0 *  10 t  and S# ■ Is  the mass m s o s p tlM iltF  o f w ater* g iven 

as - 0 .W  * 10*6.
fa  oM nlo the f § I w  sssesp ttM lI% * the above m a t 

he divided %*$■ the ts a s i.tf  o f  the so lu tion  need* whiofe ae r̂ 
%s fetmft Is  w et oham leal heis&heefee#

SuseaptIM l 1 t ie s  obtained %  the above tne fottSG&a* 
were found to  agree w ith in ' Isa s  then £$£♦ '

th e -eu seep tlfe llltles o f  tfeo elsjr ant sea t samples were 

fsani: tgr & method le v s le fe i. i f  0* 4*. Holland* wtslett- fo llo w #

fwe M eatle& l solenoid#* about S*S on rad ius M*S #» 
long wars placed v e r iie a ll?  l i  eat north  and south o f a war* 

tio a l in te n s ity  magnetometer o f  Icaewn sca le  m ine* so that, 

a lin o  jo in ing  th e ir  mmtmm passed through* and a t  r ig h t 

angles to* the m ete?  o f the magnetl© anatom# a s  solenoid 
windings wars oonaeeted la  opposition. to  a  b a tte r f  and 

rh eo sta t so that* whoa the two s o ils  wars properly neutered 
and curren t soot through them* there wee so d eftee tlo n  o f 
the balance# However when a  p&rema^iatie sample i s  inserted  
is  see  o f the solenoids* a s tra in e r f ie ld  is  induced la  I t  
than i s  present in  the mm on the opposite s it#  o f the mag* 
netomeier* the o f fa s t being th a t o f placing a- msgne t  there



In the third position  o f tease* which w ill cause the magnet 

ST-gtea to be toftoeted*
fh s%

I  *  n^T where 8  le  th e  a sp ® !!#  moment

'I th e  to te e e l%  # f  mmmtlmttmm
m « i t

f  th e  volume o f  th e  sample

I  * ®fit K the msgaetla su scep tib ility

j  1  th e  fto M  e tr e n ^ h  to  the
S ' W  sample

to  the  th ir d  p o s itio n  o f teea%  to e ” f te M  te #  to  a  magnet i s

8  •  8 /fc* * a % *  e « 4 f

AS * M f / r  * to  the distance from the
e e e te r  o f  th e  magnet

£ * a 3  » W M p f*  • as the change to -fie ld  strength
£ th e  s e a l#  vsto# ' o f  to e  

Instrument
a# to e  ehaftfe to  mmlm read in g

whence!

8  •  e ai

and I s e is r3/?  'Mr #* JK» '*# Mtt «* ■** *•* 4*r '-m ## -  Clt >

the fie ld s  o f toe solenoids were calculated from the 
formula

w *#. «■ «• «# -*W **•> •## ««•>

H*# 0*4 K* 0 *- jf \. -m m m> m -mm -» -m m m* m m m» >*<* 120)

where Hf to  to  Qmm



£0

3? th e  to ta l  number o f tu rn #  

l th e  cu rren t la  amperes 

I  the len g th  in  cm 

th i s  tak es no account o f th e  dem agnetizing fac to r*  th e  tru e  

fie ld *  %.* i s  '

* M. - - * - • * * *  ** ~ .« (z3L|

where 1 i s  the in te n s ity  . o f  m agnetization and B th e  demag­

n e tiz in g  factor*, from  the  dim ensions o f th e  c o il*  ( ^ /d  w 

6*88 J.t th e  Sm ithsonian P hysical fab les*  19SS* p* 470 g ives 

0*64 a s  the value o f  B*

As, however* th e  s u s c e p tib i l i t ie s  o f  th e  sam ples m eet 

•wore f a i r ly  low* th is  c o rre c tio n  became n eg lig ib le*  fo r  

em m ple, a  specimen o f s u s c e p tib il ity  £060 -*  ̂10~^* had. an  

in te n s ity  o f  m agnetization  o f 8*£86 o*g*a* u n its  a t  a  mm** 
imum f ie ld  s tren g th  o f  100 Oaose* 

th en ,
- « «■ HT *» BX o

S 100 * 0*64 x  0*206

X 100 * 0*18

* 99*87 a  d iffe re n c e  o f  only  1*8 in  1800

a t  188 gauss*- Cfhis sample had th e  h ig h est s u s c e p tib ility  

o f any used I*

fo determ ine how th e  c a lc u la te d  values o f s u s c e p tib ility



21 ■w*FmP*

to those found h$r toe defleetioa magnetometer* 
x investigations were m i#  a t mrtoma fie ld  strengthe with 

solutions o f 00# and §0# fe rrle  ahlarida* to flg  was used 
and toe osietil& toi values mm® attained, from wfofttioa Cif ).*. 
His mmmmi  and e&lenl&toi mime# a t a fie ld  strength of 
100 follow* Sm soaptlM litles are to  lxr^o*g*s* unite*

k ahn» k o a la * ^k*
i f #  Faois  i s * !  +• 0*0

StSfSMSg 8 M  ■»♦* * 0*^

fh# r e s u l ts  mm shown g rap h in a lto  to  f ig u re  3 on page 

'i t  using m  amggerstitd v e r t ic a l  sealji*
f ig u r e  4  an  p ag e 2 0  allow s a  s e r i e s  a t  f  *S e n r v e s  ah*  

to itte i with tM a Instrument* Haadtogw were,token a t eversr 
I f  Qmm mp to  I f f  fames*

W m  %b W l b  W l m  shows th e  com putations fa r  emrre la *  3 

In F igu re  4* I t  te lng  to p ic a l o f a l l  toe  « to # rs *

1 t o fie ld  a t totona# Field a t tolsnea I  £ tm k ■*
gamma 9m m m* im j 83*060
I f 12 0*00012 0*01000 to ff
£f 66 0*00066 0*02060 1010
00 106 0*00106 0*06310 SOUQS
40 160 0*00180 0*04680 1190
i f MS #*0602§ 1204
60 212 0*00212 0*09260 tzm
t o 298 0*00296 0*08610 1210
80 119 0*00119 0*09980 1241
90 162 0*00362 0*11110 1266

I f f 406 0*00408 0.12680 1261
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I t  w il l  he a o i le e t  th a t  th e re  is  a  s l ig h t  h ea i a t  the 

^attorn o f oaeh t l M l  o therw ise la  lin e a r*  Sine# th e

f ie ld  w%mng%% o f  th e  aeareh s e l l  meat l a  th e  experim ents 

wa# snlsr a t  th e  o rd e r o f fe a r  £&nas9 I to  s n e o e p tlh llliie s .

# f the samples war# talsea a t thin Tala# when p latting the 

e& lllm tfen m m ? ® +  l i p f #  §f page It* UiIs w in  aeeesmltaie 

Im ping the -m m w r n m t  in  the hridg# oonstant* sa t epeolfjplitg 
a t  what fie ld  ill#  stteoep tih llltlee w#r# iseasare if in  t Mm 
#as# f&txr

In th e  te s ta  mat# on th e  spent®### w ith  th e  hri&go# th e  

search  00I I  was f i r s t  la id  on a  wooden s to o l fra #  from iron,; 

s a t  i t  was $&&# stir#  th a t  i t s  intaotsyrioe was th e  w  a s  I f  

I t  war# ea ap ea ie t tms%g t a  a ir*  th e  iitisteiisa##* w ith  

the n o li la  a ir  wn& doteM&Md fro® the wgaodlQik o f th# 
h ri% #

..mu* wO TW epa W# #(&' sHT mp*. wO ■■##' ’mpR ^

f te i*  th e  sample m e  p la n e t on th e  s te e l  sea  the s e l l  X&1I 

H a t  on i t #  mztmB* SmmnZ wmMmgB were falsa# w ith  th e  

s o i l  re ra rse d  on th e  hioeh and the hUooh a lso  re re re e i*  and 

th e  mean o f  th e se  w ainee meet In  th e  oaXemXaiioa o f  in  

th e  same way th a t  %g u s  a a io u ls te t*  fh e  itffe ra n a # *  4 %
In  th e  in to e ta iiees o f  th e  e o i i# when XaM H a t on a  m agnetic
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l i  fi# M  mwU i t .  I#  o f  ©oara© mmmumw to  hum  
t t o  © oil f l a t  os too  roofs a t  a l l  tto sa *  I f  to la  I#  s o t  

m m m -part # f  to#  tasfsatlo- flo M  w ill  s o t  pmm toromgb to#  

ro to*  ro sa f M sg !»' a  astt&Sa* im ta# o f  Is Wtm to #  #©nr##t •

os# to lsg  'woorftat* to© m ta# o f to# ft#M  strssgth a t to# 

eo& isr o f  s  ©lamctor © oil o f  a  te n ia  a n t m tiu a  tr ©it I#

H a  I  Tr sly^ir ■«*. «► ♦ « » *  » ** ** **► «* iH  J.

to© f l o i t  along  to#  ax le  o f  to# m il  ©rops mti m p iM ^ M to  

m  Imxoam' i s  tfsteso©  frost to# ©oil* At a ©istefso# m  

from  It© ©outer

I  a  Z*R s r% ./{ r^  * ** « •«* ** ■**■ *► (IS }

tola ra f& tlo a ' la  stews ■ pmplilosflr is Figaro' # os pag© I# 
tow© to# ratio of to# ©lotas©# & as© to# mdlits w la plot* 
MS © gainst to #  p&vmm$»0p o f  $  a t to #  mm%m o f to #  © o il*

1 I t  1© m m  t t e i  a t  a  © istsao# from  to #  s o l i  © foal to- tor©# 

fto t©  I t#  n ftla a *  to#  magsetlo f lu id  to #  dr©pp©& t© stem !

o f -to# fss^teras im is # * fta s *  to #  t© n p r to© © o il, to #  

g r ts te r  I#  to#  ro la n #  o f n n l w iio r  to o t*  to la  m y  te  .ta * 

p o rte n t is  to© mm- o f sagr a s o t too  oomp&ai ite k  o o s te is ls g : 

mg&otlte, tow© m attering tsoy teo# alters© to© aagaettt# 

to  h a a a tlta  « r lim o s li#  fo r  a to o r i lis te n # #  from  to© sw fa o s* 

f t  is  te a t ite ra to r#  to  so© as la r i©  a © o il a * I©  praotioaM © *
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I t  I s  t e l l e r s i  th a t  th e  M at m im es o f  sm so ep tiM lItiee  

of r e e ls  ami a re  those ie te rm to e i l a  th e  f i e l i

h r  rsa& togs tatem  m  th e  m i t s t o r t e i  reel;* 4 me the 4 fo r  

doing th i s  h r th e  mm o f  an s l te r a a t ia g  omrrsmt b rid g e  te e  

teem i w l s s i  msi stew s to  he- jprm M m l& s* In te g ra l p a r te  

o f  th e  tostrm m ent taagr* a f te r  e ip e r te e a ta tlo a  te e  d s te m te sd  

th e i r  t e s t  m im es* t e  repl& esd %  s ta a to r te  o f  th o se  m im es 

hmlmg sm all ilmsBmieas* so th a t  t i e  oomplet# la s te m e a t 

w ill he sm all* oompaei* .sat r e a i l l r  p o rtab le*

I t  I s  to he reg re tted  th a t time was m% a m iish lo  to 
t r r  e a t more limit earn- mtfcod* Some mo41ficsti.oa o f the 
p reaeat teMge* o r the use o f oaa o f the o tte r  m ettete 
meftttottei e a r lie r  to  t t e  paper* sap rssm lt la  m e lrsm it 
w hite w i t  te  s i t u  more ssaa itto #  .ate p e t .tern  the m m  
s t t e l l l t p  m i e lm p lio ltr o f oporattoa as  t t e  bridge meed*
I t  Is  suggested th a t there  Is  room fo r fa rth e r rsasarte on 

th is  potot*
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