
    
PDF Host


Report Abuse
    
      
    

    
      Microsoft Word - Stonehenge- A prototype sundial with bias toward summer.docx - Michael Goff

      Please enable JavaScript to view the full PDF

       Diagram  4  shows  times  in  black  as  local  mean  time.  Written  in  red  are  the  digits   for   the   Sundial   Position   Count   (SP).   The   yellow   lines   indicate   the   T4Line   positions   and   where   the   column   of   light   hits   the   inner   circle   hour   to   hour.   The   black   lines   indicate   the   T1Shadow   positions,   instead   of   a   strip   of   light   through   the  centre  of  the  trilithon,  it  is  the  shadow  cast  by  T1  that  points  to  the  SP  marks   hour  to  hour.       The  SP  count  differs  from  the  NP  count  in  the  way  hour  positions  are  assigned  to   the   Outer-‐Circle.   Instead   of   one   hour   represented   as   a   complete   section   (i.e.   a   pillar  with  half  a  gap  each  side)  hour  markers  are  assigned  to  an  individual  pillar,   then   an   individual   gap,   then   an   individual   pillar   etc.   In   this   sense   the   SP   count   condenses  the  way  hour  times  are  read  around  the  circle.  Given  that  a  section  is   10ft  in  width,  a  pillar  6ft  and  a  gap  4ft  width,  and  if  we  take  the  10ft  of  the  overall   section  and  divide  it  by  Phi  we  get  6.18ft,  therefore  we  can  loosely  think  of  the   division  of  pillars  and  gaps  as  according  to  the  Golden  Ratio.  Condensing  the  NP   count   into   the   SP   count   was   utilisation   of   this   mathematical   principle,   and   allowed   for   the   calibration   of   the   monument.   Using   the   trilithons   in   the   Great   Horseshoe  as  light  filters,  light  was  channelled  to  the  relevant  positions  and  the   monument  was  calibrated  to  May  5th.  Why  the  monument  was  calibrated  to  this   date   becomes   clear   when   we   further   consider   the   seasonal   drift   of   the   true   solar   position,   a   point   made   easier   if   we   go   back   to   imagining   an   upright   pole   at   the   monument   centre   instead   of   the   horseshoe   and   compare   the   spring   equinox   to   the  summer  and  winter  solstice.       Diagram   5   below,   shows   us   the   spring   equinox   with   local   mean   time   and   the   equivalent  SP  count.  The  black  lines  denote  where  the  shadow  from  the  upright   pole   or   gnomon   would   be   cast.   It   will   be   noted   that   each   hour   generally   corresponds   to   a   particular   pillar;   this   is   the   “natural”   calibration   of   the   Outer-‐ Circle.  The  reason  the  hour  lines  do  not  run  straight  along  the  E-‐W  meridian  is   because  on  this  date  6am  and  6pm  actually  occur  just  prior  to  the  sun  reaching   90˚   and   270˚   respectively.   It   will   also   be   worth   noting   that   the   hour   angles   are   of   a  roughly  consistent  size  and  run  consistently  over  the  course  of  the  day.  Solar   noon  on  this  date  occurs  after  midday  local  mean  time.  The  maximum  solar  noon     10   ever   occurs   before   or   after   midday   is   15mins,   the   same   cannot   be   said   for   the   other  hours  relative  to  the  equinox.  The  daily  variation  for  when  local  mean  time   hours   occur   in   the   morning   and   evening   is   much   greater   than   the   variation   at   solar   noon   and   solar   midnight.   This   is   because   as   the   sun   appears   to   approach   north   or   south   it   travels   less   vertically   and   begins   to   travel   more   horizontally   and  therefore  covers  its  greatest  distance  across  the  azimuth.       Diagram  5  –  Spring  Equinox  times,  upright  gnomon  positions.     Diagram  6  below,  shows  us  the  summer  solstice  and  where  the  shadow  will  be   cast   at   the   same   local   mean   time   hours   on   this   date.   6am   occurs   when   the   sun   is   at  a  much  lesser  azimuth  position,  by  the  time  the  sun  reaches  90˚az  it  is  over  an   hour  later  in  the  day.    This  shows  the  extent  of  variation  for  the  morning  period   during  summer.  It  will  be  noted  that  the  sun  travels  its  greatest  distance  across   the  azimuth  at  solar  noon  for  the  entire  year,  on  this  date,  because  the  Northern     11   Hemisphere  is  tilted  toward  the  sun.  This  essentially  compensates  for  the  more   extreme  variation  earlier  in  the  day  when  the  solar  position  is  behind  mean  time,   and  therefore  solar  noon  and  midday  actually  occur  closer  in  time  than  they  do   on   the   equinox.   The   diagrams   not   only   illustrate   the   variation   in   when   hours   occur  but  also  the  difference  in  the  perceived  duration  of  hours  throughout  the   year  if  using  this  kind  of  primitive  sundial  design.         Diagram  6  –  Summer  Solstice  times,  upright  gnomon  positions.     Diagram   7   below,   shows   us   the   opposite   is   true   for   the   winter   solstice   compared   with   the   summer;   6am   occurs   when   the   sun   is   at   a   much   greater   azimuth   position  and  so  it  is  much  earlier  when  the  sun  crosses  90˚az  (of  course,  in  the   winter  period  the  sun  does  not  rise  until  much  later  and  would  still  be  under  the     12   horizon  at  this  point).  When  the  sun  does  rise  it  is  closer  to  the  region  where  it   appears   to   travel   more   horizontally   across   the   sky,   and   its   position   begins   to   get   closer   to   mean   time.   Because   the   Northern   Hemisphere   is   tilted   away   from   the   sun  at  this  point  in  the  year,  the  sun  appears  to  travel  at  its  slowest  rate  across   the   azimuth   leading   up   to   and   during   solar   noon,   and   solar   noon   and   midday   occur  only  2mins  apart,  despite  the  huge  discrepancy  in  the  AM  and  PM  periods.         Diagram  7  –  Winter  Solstice  times,  upright  gnomon  positions.       Relating   this   information   to   the   function   of   the   Great   Horseshoe   it   becomes   obvious   that   its   calibration   to   May   5th   gives   the   structure   a   bias   toward   summer.   The   annual   variation   produced   by   the   perceived   seasonal   drift   of   the   sun   is   greatly  reduced  for  the  summer  period.  Diagram  8  below,  shows  the  local  mean     13   hour   times   on   the   summer   solstice   that   the   sun   reaches   the   same   SP   count   positions   as   on   May   5th.   It   can   be   seen   that   in   any   instance   the   discrepancy   is   no   greater   than   30mins,   with   an   average   of   28mins   late.   If   we   compare   diagrams   6+8  with  diagram  4,  taking  6am  as  an  example,  in  diagrams  8  and  4  we  can  see   that   the   variation   at   7.5SP   is   29mins.   In   diagram   6,   at   6am   the   sun   is   at   74˚   azimuth,   16˚   away   from   7.5SP,   there   are   4mins   per   degree   and   so   16mins*4=   64mins.  The  Stonehenge  design  has  reduced  the  effect  of  seasonal  solar  drift  by   35mins  for  this  hour  as  64–35=  29.             Diagram  8  –  Summer  Solstice,  SP  Count  positions  and  times.           14   The  Great  Horseshoe  achieves  significant  reduction  in  the  perceived  variation  of   the   time   during   the   summer   because   it   is   calibrated   to   the   quarter   dates   nearest   to  summer  solstice  giving  the  monument  a  bias  in  favour  of  the  summer  half  of   year.   The   winter,   then   of   course,   is   negatively   affected.   Where   in   the   summer   seasonal   solar   drift   (SSD)   is   reduced   by   the   Stonehenge   design,   in   winter   it   is   increased.  However,  this  does  not  necessarily  mean  that  the  Stonehenge  design   conveys  truer  time  in  summer.  The  reasoning  is  due  to  the  advanced  knowledge   of  the  sun  and  its  seasonal  movements  across  the  sky  owing  to  the  architects  of   the  monument.  As  previously  stated,  when  considering  SSD  and  taking  the  year   as  a  whole,  the  morning  and  evening  periods  will  always  be  the  most  discrepant   with  solar  noon  and  solar  midnight  always  more  uniform.           Diagram  9  –  Winter  Solstice,  SP  Count  positions  and  times.       15   As  diagram  9  above,  emphasises,  on  the  winter  solstice  the  sun  is  not  in  the  sky   until   after   the   SSD   periods   of   maximum   discrepancy   have   passed.   We   can   see   that  at  7.5SP  when  the  sun  is  at  80˚az  it  is  3:50am,  the  reading  would  be  130mins   early,  a  huge  increase  on  the  natural  discrepancy  due  to  SSD,  which  is  78mins,  a   difference   of   52mins.   However,   the   sun   would   still   be   37˚   below   the   horizon   at   this  time,  and  so  the  increased  discrepancy  caused  by  the  monument  would  not   make   a   difference.   When   the   sun   does   rise   the   monument   is   reading   94mins   early,   the   natural   discrepancy   due   to   SSD   is   64mins,   therefore   by   this   time   the   monument   is   only   causing   an   increase   of   30mins.   For   the   next   hour   the   monument   is   reading   64mins   early   and   the   natural   discrepancy   due   to   SSD   is   48mins,  the  monument  has  caused  an  increase  of  only  16mins.  By  the  next  hour   the  monument  is  35mins  early  and  the  natural  discrepancy  due  to  SSD  is  31mins,   the   increase   caused   by   the   monument   is   only   4mins.   It   can   be   seen   from   these   simple   calculations   that   the   bias   in   the   calibration   of   the   monument   toward   summer   is   mostly   negligible.   During   the   winter   the   sun   is   below   the   horizon   when   passing   its   maximum   points   of   SSD,   due   to   this,   where   the   bias   in   the   calibration   of   the   monument   reduces   summer   discrepancy   by   a   maximum   of   35mins,   in   winter   it   increases   the   discrepancy   by   an   observable   maximum   of   only  30mins.  Another  way  to  view  this  is  that  the  bias  in  the  monument  toward   summer  involves  an  offset  along  the  azimuth,  and  in  the  winter  this  is  accounted   for  due  to  the  natural  variation  in  solar  altitude  (as  the  sun  is  below  the  horizon   at   the   points   of   maximum   SSD   during   winter).   It   is   this   fact   that   highlights   the   underlying   and   unprecedented   genius   in   the   design   of   the   monument.   The   overbearing   implication   is   that   although   the   architects   could   not   construct   a   technology   that   was   able   to   read   in   mean   time,   they   apparently   must   have   had   the  intellectual  capacity  to  calculate  it,  to  have  been  able  to  construct  the  model   evident  at  Stonehenge.       Other   Monument   Features:   Evidence   for   the   horological   function   of   the   Stonehenge   design   is   compounded   by   other   specific   aspects   of   the   monument,   in   particular  the  reduced  widths  of  pillars  11  and  21.  It  is  firstly  worth  noting  that   although  pillars  11  and  21  have  a  reduced  width,  their  particular  sections  were   still  approximately  10ft  in  width,  and  so  the  reduced  width  of  these  two  pillars     16   did  not  affect  the  overall  azimuth  range  of  the  monument.  Pillar  21  has  a  reduced   width   at   approximately   4ft,   and   it   is   suggested   this   is   an   intentional   feature.   Pillar   11   marks   the   region   11SP   and   is   struck   when   the   true   solar   position   is   115˚az.   The   region   of   the   monument   that   gets   struck   by   the   T4Line   is   at   the   relative  position  112˚az,  this  is  the  offset  caused  by  T4  at  this  point.  The  centre  of   pillar   11   marks   the   relative   position   114˚az,   if   the   pillar   was   6ft   wide   then   its   southern  face  would  sit  at  approximately  110˚az.  Reducing  the  width  of  the  pillar   to   4ft   meant   that   its   southern   face   would   now   sit   at   approximately   112˚az,   the   hit-‐point  needed  for  the  T4Line  and  its  May  5th  calibration.  The  same  is  true  for   the  pillar’s  northern  face,  this  is  the  point  of  course  where  the  pillar  ends  and  the   next   gap   begins   and   so   is   assigned   to   the   next   SP   hour   marker,   12SP.   12SP   is   struck   when   the   true   solar   position   is   128˚az,   the   front   of   the   line   is   displaced   to   approximately  120˚az  and  the  rear  of  the  line  to  approximately  116˚az.  Again,  if   the   pillar   were   6ft   wide   its   northern   face   would   sit   at   the   relative   position   118˚az,   in-‐between   either   of   our   hit-‐points.   Of   course,   extending   the   pillar   to   reach  120˚az  would  have  resulted  in  a  gap  of  half  the  regular  size.  It  seems  the   Stonehenge   architects   opted   for   reducing   the   pillar   and   alternating   between   reading  the  front  and  rear  of  the  line  for  the  hours  11-‐12SP.  The  general  picture   is  that  pillar  21  was  trimmed  to  fit  the  offset  caused  by  T4’s  displacement  against   the  central  meridians.  This  is  perhaps  one  of  the  most  compelling  aspects  of  the   theory  at  large  as  it  begins  to  provide  a  framework  to  understand  the  irregular   sizing  of  pillar  and  gap  widths.       Pillar   11   is   currently   half-‐height   and   half-‐width.   However,   recent   laser   analysis   of   the   site   has   confirmed   that   pillar   11   is   fragmentary.   The   half-‐height   is   a   result   of  a  breakage  that  is  likely  to  have  occurred  at  some  point  after  the  completion  of   the  monument.  A  fact  that  also  confirms  the  half-‐width  of  pillar  11  is  part  of  the   original   design   meaning   its   western   face   is   purposely   5ft   away   from   the   N-‐S   meridian   and   the   position   marking   180˚   due   south.   5ft*1.2=   6˚   and   6*4=   24mins,   the   width   of   the   southern   gap   is   equivalent   to   a   half-‐hour   duration   in   the   SH   time-‐system.  Having  pillar  11  positioned  “half-‐an-‐hour”  prior  to  180˚  is  perhaps   an   echo   of   the   Callanish   stone   circle,   which   has   12   pillars   in   its   outer-‐circle   spaced   at   approximately   30˚   separation   with   an   extra   13th   pillar   in   the   north     17   position  giving  15˚  between  those  pillars.  The  mean  sun  moves  15˚  per  hour  in   the   24hr   time-‐system.   However,   at   Callanish   the   extra   13th   pillar   is   not   placed   directly   north,   instead   north,   as   at   Stonehenge,   is   central   to   the   northern   gap.   The  extra  pillar  at  Callanish,  therefore,  is  also  placed  “half-‐an-‐hour”  prior  to  the   solar   noon   strike   position.   Callanish   has   a   central   pillar   that   acts   as   an   upright   gnomon   and   on   the   correct   date,   half-‐an-‐hour   prior   to   solar   noon,   a   shadow   extends   from   the   central   gnomon   onto   the   13th   pillar.  This   function   was   potentially   used   to   calibrate   a   proto-‐hour-‐glass,   water-‐clock   or   some   similar   technology,  as  twice  a  year  when  the  difference  between  solar  and  mean  time  is   at   its   maximum   the   natural   rate   of   the   sun's   apparent   movement   across   the   azimuth   coincides   with   the   0.25˚   per   minute   rate   of   the   idealised   time-‐system.   That  is  to  say;  in  early  November  and  February  at  the  time  of  the  Samhain  and   Imbolc   festivals,   again   quarter-‐dates,   the   sun   moves   across   the   azimuth   at   the   rate   of   a   quarter   of   a   degree   per   minute   specifically   for   the   hours   before   and   after   solar   noon   meaning   the   sun   will   move   precisely   15˚   in   1hr   GMT   or   12˚   in   1hr   SHT.   At   this   time   of   year   both   the   Stonehenge   and   Callanish   monuments   could  have  been  used  to  calibrate  another  time-‐keeping  device  by  the  apparent   movement   of   the   sun   across   the   sky.   It   is   also   worth   noting   that   the   star   Sirius   also  moves  at  the  rate  0.25˚  per  minute  for  1  hour  before  and  after  it  has  reached   180˚  due  South.  The  star  will  therefore  move  from  180-‐195˚  in  1hr  every  single   night   that   it   is   visible.   Observing   Sirius   move   from   a   position   directly   over   the   western  face  of  pillar  11  to  the  meridian  line,  will  take  the  duration  of  precisely   24  minutes.  On  the  dates  in  November  and  February,  24mins  prior  to  solar  noon,   the  T2Line  will  strike  the  very  centre  of  the  inside  face  of  pillar  60  in  T5.  It  then   moves  toward  the  central  axis  of  the  monument  which  is  the  N-‐S  meridian,  here   the  T2Line  closes  and  the  shadow  of  pillar  60  runs  along  the  meridian  and  hits  in   the  very  centre  of  gap  27  marking  solar  noon.  As  November  and  February  occur   in  the  winter  half  of  the  year  the  sun  is  at  a  lower  altitude,  and  even  at  solar  noon   its  rays  are  angled  more  across  the  landscape  as  opposed  to  beating  down  on  it,   therefore   some   of   its   rays   at   do   not   clear   the   top   of   the   Outer-‐Circle.   Without   the   half-‐width  of  pillar  11  the  strip  of  light  would  not  pass  into  the  circle  and  strike   the  centre  of  pillar  60.       18   Conclusion:   The   concepts   put   forward   imply   that   Stonehenge   functioned   as   a   form   of   proto-‐sundial.   The   development   of   technologies   that   utilised   forms   of   tempered   time,   in   Neolithic   Britain,   seems   to   have   occurred   at   least   1500yrs   prior   to   the   commonly   accepted   date   given   to   the   development   of   the   sundial.   The   design   of   Stonehenge   is   relevant   to   its   geographic   location,   put   the   exact   same   design   somewhere   on   the   equator   and   it   will   not   function   as   intended.   Locations   on   the   equator   experience   a   more   uniform   amount   of   daylight   hours   during   the   summer   and   winter   seasons.   The   bias   in   the   design   of   Stonehenge   toward   the   summer   period   is   a   result   of   its   construction   having   taken   place   at   latitude  51˚  north.  The  further  one  travels  north  or  south  from  the  equator  the   more  the  difference  in  daylight  hours  between  seasons  is  markedly  pronounced   and  so  varies  from  parallel  to  parallel,  indicating  that  the  monument  design  and   alignment  is  essentially  locally  specific.  The  practical  application  of  timekeeping   as   used   at   Stonehenge   seems   to   have   been   relatively   complicated,   somewhat   extensive   and   culturally   significant   requiring   the   erection   of   a   permanent   structure   from   which   solar   readings   could   be   derived   and   used   to   calculate   a   specialised  form  of  local  time  and  establish  a  local  meridian.       Contact:  Michael  Goff   Email:  cypher_works1@hotmail.co.uk     Sources     Banton,   S.   and   Daw,   T.   (2014).   PARCHMARKS   AT   STONEHENGE   JULY   2013   [online]  Available  at     https://www.cambridge.org/core/journals/antiquity/article/parchmarks-‐at-‐ stonehenge-‐july-‐2013/69AAE39C702A5B844CFDD84EA0B3F26C       Abbot,   M.   and   Anderson-‐Whymark,   H.   (2012).   STONEHENGE   LASER   SCAN:   ARCHAEOLOGICAL   ANALYSIS   REPORT.   [ebook]   ArcHeritage.   Available   at:   http://discovery.ucl.ac.uk/id/eprint/1419104         19                             20   
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