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By   means   of   the   Grignard   reagent   Willstatter   and   Stoll   were   able
to   introduce   magnesium   into   the   substance   aetioporphyrin   C31H36N4
to   form  aetiophylHn  C3iH34N4Mg,   one   of   the   cleavage  products   of   the
chlorophyll   molecule.   The   results   of   experiments   here   presented   seem
to   indicate   that   the   introduction   of   magnesium  into   the   compounds   of
the   leaf   takes   place   to   a   greater   degree   when   there   is   sufficient   illu-

mination to  cause  a  green  coloration,  that  is,  the  squash  requires  light
for   the   later   steps   of   chlorophyll   synthesis   and   these   steps   are   asso-

ciated with  the  removal  of  magnesium  from  the  field  of  toxic  action.
No   quantitative   measure   of   the   amount   of   chlorophyll   compounds
present  has  been  obtained  on  account  of   their   instabiHty  and  complex-

ity.  However,   calculations   using   the   formulae   found   by   Willstatter
indicate   that   the   increased   amount   of   magnesium   used   in   the   light   is
well   within   the   limits   of   the   amount   used   for   chlorophyll   synthesis   as
determined   by   Willstatter   in   nettle   leaves.

In   testing   the   toxicity   of   ferric   chloride   solutions   under   similar
conditions,   no   differences   were   observed   between   cultures   grown   in
the  light  and  darkness.

Summary

The   minimal   toxic   concentration   of   magnesium   nitrate   for   the
squash   grown   in   water   cultures   was   found   to   be   I2^n   X   10-6   in   the
dark   and   200n   X   10-6   in   the   light.   The   increase   in   the   minimal   toxic
concentration   is   probably   correlated   with   the   removal   of   magnesium
from   toxic   compounds   to   form   chlorophyll.

Bureau   of   Plant   Industry,
U.   S.   Department   of   Agriculture.
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THE   USE   OF   THE   VIBRATION   GALVANOMETER   WITH
A   60-CYCLE   ALTERNATING   CURRENT   IN   THE

MEASUREMENT   OF   THE   CONDUCTIVITY
OF   ELECTROLYTES

Newton  B.  Green

In   1898   Kohlrausch   (i)   published   a   description   of   his   method   for
determining   the   conductivity   of   electrolytes,   and   since   that   time   much
has   been  done  by   various   investigators   to   increase   the   accuracy   of   the
method.   Notable   among   these   are   E.   W.   Washburn   (2)   and   R.   P.
Hibbard   in   collaboration   with   C.   W.   Chapman   (3).   Still   more
recently   has   appeared   an   article   by   W.   Taylor   and   S.   F.   Acree   (5),
Among   the   sources   of   error,   which   they   have   removed,   may   be   men-

tioned the  following:  an  alternating  current  from  an  induction  coil
which   is   neither   strictly   alternating   nor   of   constant   frequency;   resis-

tance coils  which  are  inaccurate  because  of  capacity  and  inductance;
and   lack   of   sensitivity   in   the   telephone   detector.   At   the   present
writing   a   series   of   articles   is   appearing   in   the   Journal   of   the   American
Chemical   Society   by   Dr.   Washburn   (4)   which   sums   up   the   latest
researches   on   the   subject.   To   these   articles   any   investigators   who
desire   absolute   accuracy   of   results   are   referred.   The   plant   physi-

ologist is  concerned  more  with  precise  comparative  data  than  with
absolute   physical   accuracy,   which   must   of   necessity   include   experi-

ments extending  over  long  periods  of  time  and  involving  great* elabora-
tion of  method.

Dr.   Washburn's   method   overcomes   the   difficulties   mentioned   above
in   the   following   manner:   He   uses   for   a   source   of   current   either   the
Vreeland   Oscillator,   which   gives   a   pure   sine   wave   at   a   frequency   of
one   thousand   cycles   per   second,   or   a   constant-speed   high-frequency
generator   which   delivers   an   alternating   current   at   the   same   frequency.
Both   of   these   pieces   of   apparatus   and   the   principles   involved   are
described   in   Catalog   No.   48   of   the   Leeds   and   Northrup   Co.   (6).   For
resistance   coils   he   uses   the   Curtis   type,   which   have   a   minimum   of
inductance   and   capacity,   and   for   the   detector   he   uses   a   telephone
receiver   tuned   to   the   frequency   of   the   current.     He   also   finds   it
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necessary   in   connection   with   the   high   frequency   generator   to   maintain
the  correct   resonance  in   the  bridge  circuit   by   means  of   a   double  con-

denser.  Consequently   a   complete   outfit   for   making   conductivity
measurements,   using   the   generator   and   excluding   bridge,   conductivity
cell   and  resistance  coils,   which  are  of   course  necessary  in   any  form  of
apparatus,   would   cost   over   two   hundred   and   fifty   dollars.   If   the   oscil-

lator is  substituted  as  a  source  of  current  the  price  is  increased  to  about
three   hundred   dollars.   In   either   case   a   condenser   must   be   used   to
balance   out   the   capacity   in   the   conductivity   cell.

Hibbard   and   Chapman   have   met   the   problems   as   to   source   of
current   and   detector   in   a   different   manner.   They   use   a   6o-cycle
rotary   converter   and   an   alternating   current   galvanometer   of   the
electro-dynamometer   type.   The   latter   costs   about   one   hundred
dollars.   In   addition,   a   rheostat   is   necessary   to   regulate   the   primary
current.   Consequently   this   apparatus   exclusive   of   bridge,   cell   and
resistances   must   cost   as   much   or   more   than   that   employed   by   Wash-

burn,  without  being  applicable  to  as  wide  a  variety  of   conditions.
The   physical   chemist   will   occasionally   need   a   current   of   higher   fre-

quency than  60  cycles,  and  such  variation  is  impossible  with  the
ordinary   rotary   converter.   Obviously   the   main   objection   to   both   of
these  methods  from  the  standpoint  of  the  plant  physiologist  is   the  one
of   expense   involved.   This   is   especially   significant   when   one   considers
that   the   apparatus   employed   serves   one   purpose   only   in   the   plant
physiology   laboratory,   namely,   that   of   measuring   changes   in   permea-

bility,  or   the  electrolytic   content  of   plant  tissues  and  juices.   Con-
sequently the  writer  considers  it  likely  that  an  apparatus  embodying

the   latest   methods   of   procedure,   which   fulfills   all   the   requirements   of
precision,   will   be   welcomed   by   workers   along   this   line.

Since   the   investigators,   whose   results   are   cited   above,   have   con-
ducted the  most  exhaustive  researches  on  the  subject  of  conductivity

measurements,   it   is   certainly   desirable   to   follow   any   procedure   which
they  all   recommend.  We  may  assume  th^n  the  necessity  for  a  constant
temperature   bath,   in   which   to   immerse   the   conductivity   cell,   and   a
condenser   to   balance   out   the   capacity   in   the   cell.   It   is   also   certain
that   the   Curtis   coils   are   the   most   reliable   of   all   available   resistances,
because  they  are  so  wound  as  to  reduce  inductance  and  capacity  to  a
minimum.   By   standardizing   the   apparatus   to   this   extent   we   are
sure   that   the   results   obtained   will   have   at   least   precise   comparative
values.    We  now  come  to  the  question  of  the  source  and  type  of  current
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to   be   used.   Washburn   is   of   the   opinion   that   to   avoid   undue   polariza-
tion in  the  conductivity  cell,  a  frequency  of  1,000  cycles  per  second  is

necessary.   Moreover   Taylor   and   Acree   have   shown   that   as   the   fre-
quency approaches  infinity,  variations  in  the  resistance  and  capacity

of   the   cell   approach   zero.   If   we   adopt   this   high   frequency,   the   only
available   type   of   detector   is   the   telephone   receiver.   On   the   other
hand,   Hibbard   and   Chapman,   after   exhaustive   experimentation   with
lower  frequencies,  assert  that  at  60  cycles  per  second,  using  a  cell   with
platinized   electrodes,   the   amount   of   polarization   is   practically   negligible
in   all   but   a   few  exceptional   types   of   solutions.   If   this   is   the   case   the
plant   physiologist   may   feel   secure   in   using   this   frequency,   which   has
several   great   advantages   over   higher   frequencies   as   will   now   be
explained.   An   additional   security   rests   in   the   fact   that   polarization,
if   present,   is   easily   detected   in   the   "creeping"   of   the   balance   point,
and   can   be   immediately   remedied   by   cutting   down   the   amount   of
current   and   the   period   of   time   in   which   the   circuit   is   closed.   The
main   advantage   in   using   a   low  frequency   lies   in   the   fact   that   another
detector   than   the   telephone   may   be   used.   Such   a   detector   is   the
alternating   current   galvanometer,   of   which   there   are   two   general
types.   The   advantages   of   such   a   substitution   are   many   and   are   fully
discussed   by   Hibbard   and   Chapman.   All   who   have   worked   with   the
telephone   as   detector   will   understand   the   difficulties   attending   the
constant   strain   of   listening,   and   will   appreciate   the   substitution   of   a
method   which   enables   sight   to   take   the   place   of   hearing.

At   this   point   the   alterations   in   apparatus   devised   by   the   writer
may   properly   be   considered.   If   a   frequency   of   60   cycles   per   second  is
possible   without   a   sacrifice   in   precision   of   comparative   results,   there
should   be   some   source   of   current   more   available   and   entailing   less
initial   cost   than   the   rotary   converter.   Such   a   source   of   current   is
present   in   practically   every   laboratory,   and   needs   only   to   be   reduced
to   the   proper   E.M.F.   and   potential.   This   is   the   ordinary   iio-volt
alternating-current   lighting   circuit.   As   supplied   to   the   laboratory   it
is   practically   always   a   single-phase,   6o-cycle   system,   having   in   most
cases   a   frequency   variation   of   not   more   than   one   percent   and   a   re-

markably pure  wave  form.  Taylor  and  Acree  in  their  article  have
inserted   oscillograms   of   the   Madison   (Wis.)   city   current,   which   are
by   no   means   exceptional,   and   can   be   duplicated   elsewhere.   For
example   when  this   type  of   current   is   used  to   supply   a   bridge  network
in   which   the   bridge-wire   has   a   resistance   of   1.2   ohms,   the   current
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