
PHYS	
  500:	
  Research	
  
Methodology	
  
General	
  Remarks	
  



Before	
  starting	
  the	
  experiment	
  
•  Before	
  star0ng	
  your	
  experiment	
  inspect	
  carefully	
  your	
  
instruments.	
  Try	
  to	
  find	
  the	
  manufacturer’s	
  error	
  as	
  well	
  as	
  
possible	
  reading	
  errors.	
  

•  Try	
  to	
  find	
  possible	
  systema0c	
  errors	
  and	
  think	
  how	
  you	
  can	
  
dispose	
  them.	
  



Multiple	
  errors-­‐a	
  
•  Normally	
  in	
  a	
  measurement	
  we	
  may	
  have	
  different	
  types	
  
of	
  errors.	
  For	
  example,	
  if	
  we	
  repeatedly	
  measure	
  the	
  
same	
  physical	
  quan0ty	
  we	
  have,	
  normally	
  three	
  types	
  of	
  
errors:	
  

a.  Manufacturer’s	
  error	
  
b.  Reading	
  error	
  
c.  Average	
  value	
  error	
  
•  In	
  such	
  a	
  case	
  we	
  may	
  ask	
  which	
  error	
  are	
  we	
  going	
  to	
  
keep.	
  Let’s	
  see	
  the	
  following	
  example:	
  



Multiple	
  errors-­‐b	
  
•  Let’s	
  assume	
  that	
  we	
  measure	
  the	
  length	
  of	
  a	
  rod	
  (in	
  mm)	
  and	
  
we	
  have	
  the	
  following	
  recordings:	
  

•  324,	
  323,	
  324,	
  322,	
  324,	
  323,	
  323,	
  323,	
  324,	
  322,	
  323,	
  323	
  
•  The	
  average	
  value	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mm	
  and	
  the	
  error	
  of	
  the	
  
average	
  value	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  So	
  we	
  can	
  say	
  that	
  the	
  result	
  is	
  

•  But	
  we	
  have	
  not	
  taken	
  into	
  account	
  the	
  manufacturer’s	
  error	
  
as	
  well	
  as	
  the	
  reading	
  error.	
  	
  

•  Assume	
  that	
  the	
  manufacturer’s	
  error	
  is	
  0.1	
  mm.	
  
•  Assume	
  that	
  the	
  reading	
  error	
  is	
  0.5	
  mm.	
  
•  Then	
  you	
  can	
  see	
  that	
  the	
  manufacturer’s	
  error	
  does	
  not	
  play	
  
any	
  role	
  since	
  it	
  is	
  very	
  small.	
  

L = 323.166
δL = 0.21mm

L = (323.17± 0.21)mm



Multiple	
  errors-­‐c	
  
•  The	
  average	
  value	
  error	
  has	
  to	
  be	
  dropped.	
  This	
  is	
  because	
  is	
  
smaller	
  than	
  the	
  reading	
  error	
  and	
  we	
  cannot	
  make	
  it	
  smaller.	
  	
  

•  Ques%on:	
  What	
  we	
  have	
  to	
  do	
  if	
  all	
  our	
  recordings	
  were,	
  for	
  
example,	
  323	
  mm?	
  

•  Rule:	
  	
  	
  In	
  case	
  where	
  in	
  one	
  measurement	
  we	
  have	
  mul2ple	
  
errors	
  we	
  keep	
  always	
  the	
  larger	
  one.	
  

•  Mathema0cally	
  speaking	
  if	
  in	
  the	
  measurement	
  of	
  a	
  physical	
  
quan0ty	
  x	
  we	
  have	
  the	
  errors	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  then	
  the	
  total	
  
final	
  error	
  is	
  given	
  by	
  	
  	
  

•  (which	
  if	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  and	
  recalling	
  that	
  normally	
  we	
  
keep	
  one	
  significant	
  digit	
  then	
  we	
  could	
  say	
  that	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  	
  	
  	
  	
  	
  	
  

δx1,  δx2,  δx3,  ...

δx = δx1( )2
+ δx2( )2

+ δx3( )2
+  ...

δx1 > δx2,  δx1 > δx3

δx ≈ δx1



Data	
  processing-­‐Graph	
  plotting	
  
•  Always	
  calculate	
  the	
  involved	
  errors.	
  Do	
  not	
  forget	
  the	
  
rounding.	
  

•  The	
  final	
  result	
  must	
  be	
  given	
  with	
  its	
  error.	
  If	
  you	
  do	
  not	
  
include	
  the	
  error	
  your	
  answer	
  is	
  wrong!	
  

•  	
  Always	
  graph	
  your	
  plots	
  on	
  graph	
  paper.	
  
•  Chose	
  a	
  proper	
  scale	
  such	
  that	
  the	
  graph	
  is	
  extended	
  in	
  the	
  
whole	
  area	
  of	
  the	
  diagram.	
  

•  When	
  you	
  scale	
  the	
  axes	
  do	
  not	
  include	
  all	
  the	
  possible	
  
subdivisions	
  only	
  the	
  basic	
  ones	
  and	
  at	
  equal	
  distances.	
  

•  The	
  axes	
  must	
  be	
  labeled	
  with	
  the	
  relevant	
  physical	
  quan00es	
  
and	
  their	
  units.	
  

•  Never	
  write	
  on	
  the	
  axes	
  the	
  recorded	
  values.	
  
•  In	
  any	
  plot,	
  if	
  the	
  scale	
  allows	
  you,	
  and	
  for	
  any	
  point	
  draw	
  the	
  
error	
  bars.	
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ȉȑȜȠȢ ʌȡȑʌİȚ ȞĮ ʌȠȪµİ, ʌȦȢ ȠȚ ȖȡĮĳȚțȑȢ ʌĮȡĮıĲȐıİȚȢ įİȞ ʌȡȑʌİȚ ȞĮ İȓȞĮȚ ȠȪĲİ 
µȚțȡȠıțȠʌȚțȑȢ, ȠȪĲİ ȕȑȕĮȚĮ «ıİȞĲȩȞȚĮ». ȀȐșİ ȖȡĮĳȚțȒ ʌĮȡȐıĲĮıȘ ʌȡȑʌİȚ ȞĮ ȑȤİȚ 
ʌİȡȓʌȠȣ ĲȠ µȑȖİșȠȢ µȚıȒȢ ıİȜȓįĮȢ ǹ4. 

 
                            Į)                                                                      ȕ) 

 
                                          Ȗ)                                                                             į) 

ȈȤȒµĮ 12 
 ȆȡȑʌİȚ İʌȓıȘȢ ȞĮ ĲȠȞȓıȠȣµİ ʌȦȢ ĮȞ ıȤİįȚȐıȠȣµİ µȚĮ ȖȡĮĳȚțȒ ʌĮȡȐıĲĮıȘ țĮȚ 
ʌȡȑʌİȚ ȞĮ įȠȣȜȑȥȠȣµİ µ’ ĮȣĲȒ (ȖȚĮ ʌĮȡȐįİȚȖµĮ ȞĮ ȣʌȠȜȠȖȓıȠȣµİ ıİ țȐʌȠȚĮ ıȘµİȓĮ ĲȘȞ 
țȜȓıȘ ĲȘȢ) șİȦȡȠȪµİ ıĮȞ įİįȠµȑȞȠ ĲȘȞ țĮµʌȪȜȘ țĮȚ ȩȜĮ ĲĮ ıȘµİȓĮ ĲȘȢ țĮȚ ȩȤȚ ĲĮ 
ʌİȚȡĮµĮĲȚțȐ ıȘµİȓĮ µİ ĲȘ ȕȠȒșİȚĮ ĲȦȞ ȠʌȠȓȦȞ ȤĮȡȐȟĮµİ ĲȘȞ țĮµʌȪȜȘ. 

x ȉȠ ȤĮȡĲȓ µȚȜȜȚµİĲȡȑ 
 ǵʌȦȢ  ĮȞĮĳȑȡĮµİ  ʌȚȠ  ʌȐȞȦ ȩȜĮ  ĲĮ  ıȤȒµĮĲĮ  ʌȡȑʌİȚ  ȞĮ  ȖȓȞȠȞĲĮȚ  ıİ  ȤĮȡĲȓ  

µȚȜȜȚµİĲȡȑ, ĲȠ ȠʌȠȓȠ ȣʌȠșȑĲȠȣµİ ȩĲȚ ȟȑȡİȚ Ƞ ĮȞĮȖȞȫıĲȘȢ. 
ǼțĲȩȢ ȩµȦȢ Įʌȩ ĲȠ ıȣȞȘșȚıµȑȞȠ ȤĮȡĲȓ µȚȜȜȚµİĲȡȑ ȣʌȐȡȤȠȣȞ ĮțȩµȘ įȪȠ İȓįȘ: ȉȠ 
ȘµȚȜȠȖĮȡȚșµȚțȩ țĮȚ ĲȠ ȜȠȖĮȡȚșµȚțȩ. ȈĲȠ ʌȡȫĲȠ Įʌȩ ĲĮ įȣȠ șĮ ĮȞĮĳİȡșȠȪµİ ʌĮȡĮțȐĲȦ. 
ȉȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ ʌĮȡȚıĲȐȞİĲĮȚ ıĲȠ ıȤȒµĮ 13. ǵʌȦȢ ȕȜȑʌȠȣµİ ı’ ĮȣĲȩ Ș 
ȠȡȚȗȩȞĲȚĮ țȜȓµĮțĮ ĲȠȣ ȤĮȡĲȚȠȪ İȓȞĮȚ țĮȞȠȞȚțȒ, İȞȫ Ș țĮĲĮțȩȡȣĳȘ ȩȤȚ. ȂȚĮ ʌȚȠ 
ʌȡȠıİțĲȚțȒ µİȜȑĲȘ ĲȦȞ ĮʌȠıĲȐıİȦȞ µĮȢ įİȓȤȞİȚ ȩĲȚ Ș țĮĲĮțȩȡȣĳȘ țȜȓµĮțĮ ĮȞĲȚıĲȠȚȤİȓ 
ıĲȠȣȢ įİțĮįȚțȠȪȢ ȜȠȖĮȡȓșµȠȣȢ ĲȦȞ ĮȡȚșµȫȞ. 

ǵʌȦȢ   ȕȜȑʌȠȣµİ  țĮȚ  ıĲȠ  ıȤ.  13  Ș țĮĲĮțȩȡȣĳȘ țȜȓµĮțĮ ʌĮȡȠȣıȚȐȗİȚ µȚĮ 
ʌİȡȚȠįȚțȩĲȘĲĮ țĮȚ ȠȚ µİȖȐȜİȢ ȣʌȠįȚĮȚȡȑıİȚȢ ĲȘȢ ȑȤȠȣȞ įȓʌȜĮ ĲȠȞ ĮȡȚșµȩ 10*.  

                                                 
* Ȉİ țȐʌȠȚİȢ µȐȡțİȢ ȘµȚȜȠȖĮȡȚșµȚțȠȪ ȤĮȡĲȚȠȪ ĮȞĲȓ ȖȚĮ 10 ȑȤȠȣµİ ĲȠ 1. 

a b

c d



Graph	
  plotting-­‐Semilog	
  paper	
  
•  Except	
  from	
  the	
  usual	
  
graph	
  paper	
  we	
  have	
  
two	
  other	
  graph	
  papers.	
  
The	
  first	
  one	
  it	
  the	
  so	
  
called	
  semi-­‐log	
  paper	
  
presented	
  in	
  the	
  picture.	
  
We	
  use	
  this	
  when	
  	
  the	
  
recordings	
  for	
  the	
  y-­‐axis	
  
are	
  extended	
  in	
  a	
  very	
  
large	
  range.	
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ȅȚ µİȖȐȜİȢ ȣʌȠįȚĮȚȡȑıİȚȢ ĮȞĲȚıĲȠȚȤȠȪȞ ıİ įȣȞȐµİȚȢ ĲȠȣ 10, İȞȫ ȠȚ µȚțȡȑȢ ıİ 
ʌȠȜȜĮʌȜȐıȚȐ ĲȠȣȢ. ǹȣĲȩ ȩµȦȢ șĮ ȖȓȞİȚ ʌȚȠ ıĮĳȑȢ ıĲȠ ʌĮȡȐįİȚȖµĮ ʌȠȣ ĮțȠȜȠȣșİȓ. 

 
ȈȤȒµĮ 13 

ȋȡȘıȚµȠʌȠȚȠȪµİ ĮȣĲȩ ĲȠ ȤĮȡĲȓ 
ȩĲĮȞ ȠȚ µİĲȡȒıİȚȢ (ĲĮ ĮʌȠĲİȜȑıµĮĲĮ) 
ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠȞ ȐȟȠȞĮ ĲȦȞ y 
ʌĮȡȠȣıȚȐȗȠȣȞ µİȖȐȜȠ İȪȡȠȢ, ĲȑĲȠȚȠ 
ʌȠȣ Ș ȤȡȘıȚµȠʌȠȓȘıȘ  țĮȞȠȞȚțȠȪ 
µȚȜȜȚµİĲȡȑ ȤĮȡĲȚȠȪ µĮȢ țȐȞİȚ ȞĮ 
ȤȐȞȠȣµİ ȜİʌĲȠµȑȡİȚİȢ Įʌȩ ĲȘ ȖȡĮĳȚțȒ 
ʌĮȡȐıĲĮıȘ. īȚĮ ʌĮȡȐįİȚȖµĮ ĮȞ ĲȠ 
İȪȡȠȢ ĲȦȞ ĲȚµȫȞ İȓȞĮȚ µİĲĮȟȪ 1 țĮȚ 
100000. 

ȈĮȞ ʌĮȡȐįİȚȖµĮ, µİ ȕȐıȘ ĲȠȞ 
ʌȓȞĮțĮ ʌȠȣ ĮțȠȜȠȣșİȓ ȖȚĮ ĲȚȢ ĲȚµȑȢ x, 
y, įx țĮȚ įy ıȤİįȚȐıĮµİ ĲȚȢ ȖȡĮĳȚțȑȢ 
ʌĮȡĮıĲȐıİȚȢ ıİ țĮȞȠȞȚțȩ ȤĮȡĲȓ (ıȤ. 
14Į) țĮȚ ıİ ȘµȚȜȠȖĮ-ȡȚșµȚțȩ ȤĮȡĲȓ 
(ıȤ. 14ȕ).  

x 1.00 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 

y 0.0035 0.0123 0.0087 0.089 0.77 2.23 34,6 124 240 770 1260 2400 7900 

įx 0.08 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

įy 0.001 0.0021 0.0011 0.012 0.16 0.26 28 13 21 70 160 300 1400 

 ȉȠ µȑȖİșȠȢ ĲȘȢ ȖȡĮĳȚțȒȢ µĮȢ ʌĮȡȐıĲĮıȘȢ, ȩĲĮȞ ȤȡȘıȚµȠʌȠȚȠȪµİ 
ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ įİȞ µʌȠȡȠȪµİ ʌȜȑȠȞ ȞĮ ĲȠ țĮșȠȡȓıȠȣµİ µȩȞȠȚ µĮȢ, ĮȜȜȐ µĮȢ ĲȠ 
țĮșȠȡȓȗİȚ ĲȠ ȓįȚȠ ĲȠ ȤĮȡĲȓ. 
 ª ȆĮȡĮĲȒȡȘıȘ. ȆȡȑʌİȚ ȞĮ ȑȤȠȣµİ ȣʌȩȥȘ µĮȢ ʌȦȢ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ 
ıȤİįȚĮıµȩȢ ĲȦȞ ıĳĮȜµȐĲȦȞ įȚĮĳȑȡİȚ ȜȓȖȠ Įʌȩ ĲȠȞ ıȤİįȚĮıµȩ ĲȠȣȢ ıĲȠ țĮȞȠȞȚțȩ ȤĮȡĲȓ, 
ʌĮȡȩȜȠ ʌȠȣ ĮȣĲȩ įİȞ ĳĮȓȞİĲĮȚ țĮȜȐ ıĲȠ ıȤȒµĮ 14ȕ. ǼʌİȚįȒ ȩʌȦȢ İȓʌĮµİ ȠȚ ȖȡĮµµȠȪȜİȢ 
ĲȦȞ ıĳĮȜµȐĲȦȞ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠ µȑȖİșȩȢ ĲȠȣȢ ıȪµĳȦȞĮ µİ ĲȘȞ țȜȓµĮțĮ ĲȦȞ ĮȟȩȞȦȞ 
țĮȚ İʌİȚįȒ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ țĮĲĮțȩȡȣĳȠȢ ȐȟȠȞĮȢ įİȞ ȑȤİȚ ȚıĮʌȑȤȠȣıİȢ 
µȠȞȐįİȢ,  ʌȡȠțȪʌĲİȚ  İȪțȠȜĮ ȩĲȚ Ș țĮĲĮțȩȡȣĳȘ  ȖȡĮµµȒ ĲȠȣ  ıĳȐȜµĮĲȠȢ ʌȠȣ İȓȞĮȚ ʌȐȞȦ 

 
                           Į)                                                                        ȕ) 

ȈȤȒµĮ 14 
Įʌȩ ĲȠ ıȘµİȓȠ șĮ İȓȞĮȚ ʌȐȞĲĮ µȚțȡȩĲİȡȘ Įʌȩ ĲȘȞ țĮĲĮțȩȡȣĳȘ ȖȡĮµµȒ ʌȠȣ İȓȞĮȚ țȐĲȦ 
Įʌȩ ĲȠ ıȘµİȓȠ. īȚĮ ĲȠ ıĳȐȜµĮ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȘȞ ȠȡȚȗȩȞĲȚĮ țȜȓµĮțĮ įİȞ ĮȜȜȐȗİȚ 
ĲȓʌȠĲİ. ȈĮȞ ʌĮȡȐįİȚȖµĮ ıĮȢ ʌȡȠĲİȓȞȠȣµİ ȞĮ ȤĮȡȐȟİĲİ ıİ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ ĲĮ 
ıȘµİȓĮ x y1 110 0 3 4 3 2 1 r  r. . , . .  țĮȚ x y2 130 0 5 130 40 r  r. . , . 



Graph	
  plotting-­‐Semilog	
  paper	
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ȅȚ µİȖȐȜİȢ ȣʌȠįȚĮȚȡȑıİȚȢ ĮȞĲȚıĲȠȚȤȠȪȞ ıİ įȣȞȐµİȚȢ ĲȠȣ 10, İȞȫ ȠȚ µȚțȡȑȢ ıİ 
ʌȠȜȜĮʌȜȐıȚȐ ĲȠȣȢ. ǹȣĲȩ ȩµȦȢ șĮ ȖȓȞİȚ ʌȚȠ ıĮĳȑȢ ıĲȠ ʌĮȡȐįİȚȖµĮ ʌȠȣ ĮțȠȜȠȣșİȓ. 

 
ȈȤȒµĮ 13 

ȋȡȘıȚµȠʌȠȚȠȪµİ ĮȣĲȩ ĲȠ ȤĮȡĲȓ 
ȩĲĮȞ ȠȚ µİĲȡȒıİȚȢ (ĲĮ ĮʌȠĲİȜȑıµĮĲĮ) 
ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠȞ ȐȟȠȞĮ ĲȦȞ y 
ʌĮȡȠȣıȚȐȗȠȣȞ µİȖȐȜȠ İȪȡȠȢ, ĲȑĲȠȚȠ 
ʌȠȣ Ș ȤȡȘıȚµȠʌȠȓȘıȘ  țĮȞȠȞȚțȠȪ 
µȚȜȜȚµİĲȡȑ ȤĮȡĲȚȠȪ µĮȢ țȐȞİȚ ȞĮ 
ȤȐȞȠȣµİ ȜİʌĲȠµȑȡİȚİȢ Įʌȩ ĲȘ ȖȡĮĳȚțȒ 
ʌĮȡȐıĲĮıȘ. īȚĮ ʌĮȡȐįİȚȖµĮ ĮȞ ĲȠ 
İȪȡȠȢ ĲȦȞ ĲȚµȫȞ İȓȞĮȚ µİĲĮȟȪ 1 țĮȚ 
100000. 

ȈĮȞ ʌĮȡȐįİȚȖµĮ, µİ ȕȐıȘ ĲȠȞ 
ʌȓȞĮțĮ ʌȠȣ ĮțȠȜȠȣșİȓ ȖȚĮ ĲȚȢ ĲȚµȑȢ x, 
y, įx țĮȚ įy ıȤİįȚȐıĮµİ ĲȚȢ ȖȡĮĳȚțȑȢ 
ʌĮȡĮıĲȐıİȚȢ ıİ țĮȞȠȞȚțȩ ȤĮȡĲȓ (ıȤ. 
14Į) țĮȚ ıİ ȘµȚȜȠȖĮ-ȡȚșµȚțȩ ȤĮȡĲȓ 
(ıȤ. 14ȕ).  

x 1.00 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 

y 0.0035 0.0123 0.0087 0.089 0.77 2.23 34,6 124 240 770 1260 2400 7900 

įx 0.08 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

įy 0.001 0.0021 0.0011 0.012 0.16 0.26 28 13 21 70 160 300 1400 

 ȉȠ µȑȖİșȠȢ ĲȘȢ ȖȡĮĳȚțȒȢ µĮȢ ʌĮȡȐıĲĮıȘȢ, ȩĲĮȞ ȤȡȘıȚµȠʌȠȚȠȪµİ 
ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ įİȞ µʌȠȡȠȪµİ ʌȜȑȠȞ ȞĮ ĲȠ țĮșȠȡȓıȠȣµİ µȩȞȠȚ µĮȢ, ĮȜȜȐ µĮȢ ĲȠ 
țĮșȠȡȓȗİȚ ĲȠ ȓįȚȠ ĲȠ ȤĮȡĲȓ. 
 ª ȆĮȡĮĲȒȡȘıȘ. ȆȡȑʌİȚ ȞĮ ȑȤȠȣµİ ȣʌȩȥȘ µĮȢ ʌȦȢ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ 
ıȤİįȚĮıµȩȢ ĲȦȞ ıĳĮȜµȐĲȦȞ įȚĮĳȑȡİȚ ȜȓȖȠ Įʌȩ ĲȠȞ ıȤİįȚĮıµȩ ĲȠȣȢ ıĲȠ țĮȞȠȞȚțȩ ȤĮȡĲȓ, 
ʌĮȡȩȜȠ ʌȠȣ ĮȣĲȩ įİȞ ĳĮȓȞİĲĮȚ țĮȜȐ ıĲȠ ıȤȒµĮ 14ȕ. ǼʌİȚįȒ ȩʌȦȢ İȓʌĮµİ ȠȚ ȖȡĮµµȠȪȜİȢ 
ĲȦȞ ıĳĮȜµȐĲȦȞ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠ µȑȖİșȩȢ ĲȠȣȢ ıȪµĳȦȞĮ µİ ĲȘȞ țȜȓµĮțĮ ĲȦȞ ĮȟȩȞȦȞ 
țĮȚ İʌİȚįȒ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ țĮĲĮțȩȡȣĳȠȢ ȐȟȠȞĮȢ įİȞ ȑȤİȚ ȚıĮʌȑȤȠȣıİȢ 
µȠȞȐįİȢ,  ʌȡȠțȪʌĲİȚ  İȪțȠȜĮ ȩĲȚ Ș țĮĲĮțȩȡȣĳȘ  ȖȡĮµµȒ ĲȠȣ  ıĳȐȜµĮĲȠȢ ʌȠȣ İȓȞĮȚ ʌȐȞȦ 

 
                           Į)                                                                        ȕ) 

ȈȤȒµĮ 14 
Įʌȩ ĲȠ ıȘµİȓȠ șĮ İȓȞĮȚ ʌȐȞĲĮ µȚțȡȩĲİȡȘ Įʌȩ ĲȘȞ țĮĲĮțȩȡȣĳȘ ȖȡĮµµȒ ʌȠȣ İȓȞĮȚ țȐĲȦ 
Įʌȩ ĲȠ ıȘµİȓȠ. īȚĮ ĲȠ ıĳȐȜµĮ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȘȞ ȠȡȚȗȩȞĲȚĮ țȜȓµĮțĮ įİȞ ĮȜȜȐȗİȚ 
ĲȓʌȠĲİ. ȈĮȞ ʌĮȡȐįİȚȖµĮ ıĮȢ ʌȡȠĲİȓȞȠȣµİ ȞĮ ȤĮȡȐȟİĲİ ıİ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ ĲĮ 
ıȘµİȓĮ x y1 110 0 3 4 3 2 1 r  r. . , . .  țĮȚ x y2 130 0 5 130 40 r  r. . , . 
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ȅȚ µİȖȐȜİȢ ȣʌȠįȚĮȚȡȑıİȚȢ ĮȞĲȚıĲȠȚȤȠȪȞ ıİ įȣȞȐµİȚȢ ĲȠȣ 10, İȞȫ ȠȚ µȚțȡȑȢ ıİ 
ʌȠȜȜĮʌȜȐıȚȐ ĲȠȣȢ. ǹȣĲȩ ȩµȦȢ șĮ ȖȓȞİȚ ʌȚȠ ıĮĳȑȢ ıĲȠ ʌĮȡȐįİȚȖµĮ ʌȠȣ ĮțȠȜȠȣșİȓ. 

 
ȈȤȒµĮ 13 

ȋȡȘıȚµȠʌȠȚȠȪµİ ĮȣĲȩ ĲȠ ȤĮȡĲȓ 
ȩĲĮȞ ȠȚ µİĲȡȒıİȚȢ (ĲĮ ĮʌȠĲİȜȑıµĮĲĮ) 
ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠȞ ȐȟȠȞĮ ĲȦȞ y 
ʌĮȡȠȣıȚȐȗȠȣȞ µİȖȐȜȠ İȪȡȠȢ, ĲȑĲȠȚȠ 
ʌȠȣ Ș ȤȡȘıȚµȠʌȠȓȘıȘ  țĮȞȠȞȚțȠȪ 
µȚȜȜȚµİĲȡȑ ȤĮȡĲȚȠȪ µĮȢ țȐȞİȚ ȞĮ 
ȤȐȞȠȣµİ ȜİʌĲȠµȑȡİȚİȢ Įʌȩ ĲȘ ȖȡĮĳȚțȒ 
ʌĮȡȐıĲĮıȘ. īȚĮ ʌĮȡȐįİȚȖµĮ ĮȞ ĲȠ 
İȪȡȠȢ ĲȦȞ ĲȚµȫȞ İȓȞĮȚ µİĲĮȟȪ 1 țĮȚ 
100000. 

ȈĮȞ ʌĮȡȐįİȚȖµĮ, µİ ȕȐıȘ ĲȠȞ 
ʌȓȞĮțĮ ʌȠȣ ĮțȠȜȠȣșİȓ ȖȚĮ ĲȚȢ ĲȚµȑȢ x, 
y, įx țĮȚ įy ıȤİįȚȐıĮµİ ĲȚȢ ȖȡĮĳȚțȑȢ 
ʌĮȡĮıĲȐıİȚȢ ıİ țĮȞȠȞȚțȩ ȤĮȡĲȓ (ıȤ. 
14Į) țĮȚ ıİ ȘµȚȜȠȖĮ-ȡȚșµȚțȩ ȤĮȡĲȓ 
(ıȤ. 14ȕ).  

x 1.00 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 

y 0.0035 0.0123 0.0087 0.089 0.77 2.23 34,6 124 240 770 1260 2400 7900 

įx 0.08 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

įy 0.001 0.0021 0.0011 0.012 0.16 0.26 28 13 21 70 160 300 1400 

 ȉȠ µȑȖİșȠȢ ĲȘȢ ȖȡĮĳȚțȒȢ µĮȢ ʌĮȡȐıĲĮıȘȢ, ȩĲĮȞ ȤȡȘıȚµȠʌȠȚȠȪµİ 
ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ įİȞ µʌȠȡȠȪµİ ʌȜȑȠȞ ȞĮ ĲȠ țĮșȠȡȓıȠȣµİ µȩȞȠȚ µĮȢ, ĮȜȜȐ µĮȢ ĲȠ 
țĮșȠȡȓȗİȚ ĲȠ ȓįȚȠ ĲȠ ȤĮȡĲȓ. 
 ª ȆĮȡĮĲȒȡȘıȘ. ȆȡȑʌİȚ ȞĮ ȑȤȠȣµİ ȣʌȩȥȘ µĮȢ ʌȦȢ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ 
ıȤİįȚĮıµȩȢ ĲȦȞ ıĳĮȜµȐĲȦȞ įȚĮĳȑȡİȚ ȜȓȖȠ Įʌȩ ĲȠȞ ıȤİįȚĮıµȩ ĲȠȣȢ ıĲȠ țĮȞȠȞȚțȩ ȤĮȡĲȓ, 
ʌĮȡȩȜȠ ʌȠȣ ĮȣĲȩ įİȞ ĳĮȓȞİĲĮȚ țĮȜȐ ıĲȠ ıȤȒµĮ 14ȕ. ǼʌİȚįȒ ȩʌȦȢ İȓʌĮµİ ȠȚ ȖȡĮµµȠȪȜİȢ 
ĲȦȞ ıĳĮȜµȐĲȦȞ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠ µȑȖİșȩȢ ĲȠȣȢ ıȪµĳȦȞĮ µİ ĲȘȞ țȜȓµĮțĮ ĲȦȞ ĮȟȩȞȦȞ 
țĮȚ İʌİȚįȒ ıĲȠ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ Ƞ țĮĲĮțȩȡȣĳȠȢ ȐȟȠȞĮȢ įİȞ ȑȤİȚ ȚıĮʌȑȤȠȣıİȢ 
µȠȞȐįİȢ,  ʌȡȠțȪʌĲİȚ  İȪțȠȜĮ ȩĲȚ Ș țĮĲĮțȩȡȣĳȘ  ȖȡĮµµȒ ĲȠȣ  ıĳȐȜµĮĲȠȢ ʌȠȣ İȓȞĮȚ ʌȐȞȦ 

 
                           Į)                                                                        ȕ) 

ȈȤȒµĮ 14 
Įʌȩ ĲȠ ıȘµİȓȠ șĮ İȓȞĮȚ ʌȐȞĲĮ µȚțȡȩĲİȡȘ Įʌȩ ĲȘȞ țĮĲĮțȩȡȣĳȘ ȖȡĮµµȒ ʌȠȣ İȓȞĮȚ țȐĲȦ 
Įʌȩ ĲȠ ıȘµİȓȠ. īȚĮ ĲȠ ıĳȐȜµĮ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȘȞ ȠȡȚȗȩȞĲȚĮ țȜȓµĮțĮ įİȞ ĮȜȜȐȗİȚ 
ĲȓʌȠĲİ. ȈĮȞ ʌĮȡȐįİȚȖµĮ ıĮȢ ʌȡȠĲİȓȞȠȣµİ ȞĮ ȤĮȡȐȟİĲİ ıİ ȘµȚȜȠȖĮȡȚșµȚțȩ ȤĮȡĲȓ ĲĮ 
ıȘµİȓĮ x y1 110 0 3 4 3 2 1 r  r. . , . .  țĮȚ x y2 130 0 5 130 40 r  r. . , . 



The	
  gradient	
  of	
  a	
  curve-­‐a	
  
•  From	
  mathema0cs	
  we	
  know	
  that	
  the	
  gradient	
  of	
  a	
  curve	
  is	
  
associated	
  with	
  the	
  deriva0ve	
  of	
  the	
  func0on	
  which	
  is	
  
represented	
  by	
  the	
  curve.	
  

•  But	
  in	
  an	
  experiment	
  we	
  have	
  curves	
  that	
  are	
  taken	
  from	
  
experimental	
  data	
  and	
  an	
  analy0cal	
  calclula0on	
  of	
  the	
  
deriva0ve	
  is	
  not	
  possible.	
  

•  In	
  this	
  case	
  we	
  use	
  the	
  well	
  known	
  rule:	
  The	
  gradient	
  at	
  a	
  
given	
  point	
  of	
  a	
  curve	
  is	
  the	
  tangent	
  of	
  the	
  angle	
  between	
  
the	
  horizontal	
  axis	
  and	
  the	
  tangent	
  line	
  to	
  the	
  curve	
  at	
  the	
  
point	
  under	
  considera%on.	
  

•  But	
  this	
  has	
  nothing	
  to	
  do	
  with	
  taking	
  a	
  protactor,	
  measuring	
  
an	
  angle	
  and	
  finding	
  a	
  tangent	
  with	
  a	
  calculator.	
  We	
  rather	
  
apply	
  the	
  following	
  procedure:	
  	
  



The	
  gradient	
  of	
  a	
  curve-­‐b	
  
•  We	
  draw	
  a	
  line	
  tangent	
  to	
  the	
  curve	
  
at	
  the	
  point	
  (A)	
  we	
  are	
  interested	
  in.	
  
Then	
  we	
  draw	
  an	
  orthogonal	
  triangle	
  
which	
  has	
  the	
  tangent	
  line	
  as	
  its	
  
hypoteneuse	
  and	
  its	
  perpendicular	
  
sides	
  are	
  parallel	
  to	
  the	
  two	
  axes	
  of	
  
our	
  coordinate	
  system.	
  Then	
  the	
  
gradient	
  is	
  given	
  by	
  the	
  formula:	
  
K=Δy/Δx.	
  With	
  Δx	
  we	
  denote	
  the	
  
length	
  of	
  the	
  triangle	
  side	
  which	
  is	
  
parallel	
  to	
  the	
  x-­‐axis	
  and	
  with	
  Δy	
  we	
  
denote	
  the	
  length	
  of	
  the	
  triangle	
  side	
  
which	
  is	
  parallel	
  to	
  the	
  y-­‐axis.	
  

•  The	
  length	
  of	
  Δy	
  and	
  Δx	
  is	
  defined	
  
from	
  the	
  relevant	
  scales	
  of	
  the	
  axes.	
  

Δx	
  

Δy	
   A	
  

x	
  

y	
  

x2	
  x1	
  

y1	
  

y2	
  

K =
Δy
Δx

=
y2 − y1
x2 − x1

We	
  must	
  not	
  forget	
  
that	
  the	
  gradient	
  is	
  	
  
not	
  an	
  abstract	
  concept.	
  
It	
  is	
  a	
  physical	
  quan0ty	
  
and	
  thus	
  has	
  units.	
  	
  



The	
  gradient	
  of	
  a	
  curve-­‐c	
  
•  Example:	
  Calculate	
  the	
  
gradient	
  of	
  the	
  curve	
  at	
  the	
  
points	
  A	
  and	
  B.	
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x Ǿ țȜȓıȘ µȚĮȢ țĮµʌȪȜȘȢ 
 ȆȠȜȜȑȢ ĳȠȡȑȢ Įʌȩ µȚĮ țĮµʌȪȜȘ ȤȡİȚȐȗİĲĮȚ ȞĮ ʌȡȠıįȚȠȡȓıȠȣµİ țȐʌȠȚĮ µİȖȑșȘ 
țĮȚ ıȣȞȒșȦȢ ĲȘȞ țȜȓıȘ ĲȘȢ. Ǽįȫ ĮȞĮĳİȡȩµĮıĲİ ıİ ʌİȚȡĮµĮĲȚțȒ țĮµʌȪȜȘ, ȩĲĮȞ ĲȘȞ 
țȜȓıȘ, įȘȜĮįȒ ĲȘȞ ʌĮȡȐȖȦȖȠ, įİȞ µʌȠȡȠȪµİ ȞĮ ĲȘȞ ȣʌȠȜȠȖȓıȠȣµİ ĮȞĮȜȣĲȚțȐ. 

 Ȉ’ ĮȣĲȒ ĲȘȞ ʌİȡȓʌĲȦıȘ ȩıȠȞ ĮĳȠȡȐ ĲȠȞ ȠȡȚıµȩ ȩĲȚ «țȜȓıȘ İȓȞĮȚ Ș İĳĮʌĲȩµİȞȘ 
ĲȘȢ ȖȦȞȓĮȢ ʌȠȣ ıȤȘµĮĲȓȗİȚ Ș İĳĮʌĲȩµİȞȘ ıĲȠ ıȘµİȓȠ ıĲȠ ȠʌȠȓȠ ĮȞĮȗȘĲȠȪµİ ĲȘȞ țȜȓıȘ, 
µİ ĲȠȞ ȠȡȚȗȩȞĲȚȠ ȐȟȠȞĮ», įİȞ ʌȡȑʌİȚ ȞĮ ĲȠȞ țĮĲĮȞȠȠȪµİ µİ ĲȘȞ ȑȞȞȠȚĮ, ȩĲȚ ʌȡȑʌİȚ ȞĮ 
µİĲȡȒıȠȣµİ µİ µȠȚȡȠȖȞȦµȩȞȚȠ țȐʌȠȚĮ ȖȦȞȓĮ, ĮȜȜȐ µİ ĲȘȞ ȑȞȞȠȚĮ ĲȠȣ ȠȡȚıµȠȪ ĲȘȢ 
İĳĮʌĲȠµȑȞȘȢ. ǻȘȜĮįȒ ĳȑȡȠȣµİ µİ ĲȠ µȐĲȚ ĲȘȞ İȣșİȓĮ, Ș ȠʌȠȓĮ İĳȐʌĲİĲĮȚ ıĲȠ ıȘµİȓȠ ĲȠ 
ȠʌȠȓȠ µĮȢ İȞįȚĮĳȑȡİȚ. ȈĲȘ ıȣȞȑȤİȚĮ ıȤȘµĮĲȓȗȠȣµİ ȠȡșȠȖȫȞȚȠ ĲȡȓȖȦȞȠ, ȣʌȠĲİȓȞȠȣıĮ ĲȠȣ 
ȠʌȠȓȠȣ İȓȞĮȚ Ș İĳĮʌĲȩµİȞȘ İȣșİȓĮ țĮȚ ȠȚ țȐșİĲİȢ ʌȜİȣȡȑȢ ĲȠȣ İȓȞĮȚ ʌĮȡȐȜȜȘȜİȢ ʌȡȠȢ 
ĲȠȣȢ ĮȞĲȓıĲȠȚȤȠȣȢ ȐȟȠȞİȢ ĲȠȣ ıȣıĲȒµĮĲȠȢ ıȣȞĲİĲĮȖµȑȞȦȞ. ȉȩĲİ Ș țȜȓıȘ įȓȞİĲĮȚ Įʌȩ 
ĲȠȞ ĲȪʌȠ: 

ǻx
ǻy

 K  

ȩʌȠȣ ǻx ĲȠ µȒțȠȢ ĲȘȢ ʌȜİȣȡȐȢ, ʌȠȣ İȓȞĮȚ ʌĮȡȐȜȜȘȜȘ ıĲȠȞ ȐȟȠȞĮ x țĮȚ ǻy ĲȠ µȒțȠȢ ĲȘȢ 
ʌȜİȣȡȐȢ ʌȠȣ İȓȞĮȚ ʌĮȡȐȜȜȘȜȘ ıĲȠȞ ȐȟȠȞĮ y. ȉĮ µȒțȘ ȠȡȓȗȠȞĲĮȚ ıȪµĳȦȞĮ µİ ĲȚȢ 
țȜȓµĮțİȢ ʌȠȣ ȤȡȘıȚµȠʌȠȚȠȪµİ. ȉȠ ʌȡȩıȘµȠ ĲȘȢ țȜȓıȘȢ ȠȡȓȗİĲĮȚ țĮĲȐ ĲĮ ȖȞȦıĲȐ, Ȓ 
ȕȖĮȓȞİȚ Įʌȩ ĲȠȞ ĲȪʌȠ ĮȞ șȑıȠȣµİ ǻx=x2�x1 (x2>x1) țĮȚ ǻy=y2�y1. 
 

ȆĮȡȐįİȚȖµĮ.  ǲıĲȦ   ȩĲȚ  șȑȜȠȣµİ  ȞĮ   ȣʌȠȜȠȖȓıȠȣµİ   ĲȘȞ țȜȓıȘ ĲȘȢ țĮµʌȪȜȘȢ  

ȈȤȒµĮ 15 

ĲȠȣ ıȤ. 15 ıĲĮ ıȘµİȓĮ 
ǹ (x=3.6) țĮȚ B 
(x=7.2).ǹʌȩ ĲȠ ıȤȒµĮ 
ȑȤȠȣµİ: 

x1|2.4,  x2|4.7, 
x3|4.95,     x4|8.5, 
y1|70,         y2|315, 
y3|310,              y4|423. 
ǼʌȠµȑȞȦȢ: 
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ªȆĮȡĮĲȒȡȘıȘ. ǻİȞ ʌȡȑʌİȚ ȞĮ ȟİȤȞȐµİ ȩĲȚ ıĲȘ ĭȣıȚțȒ Ș țȜȓıȘ įİȞ İȓȞĮȚ țȐʌȠȚĮ 
ĮĳȘȡȘµȑȞȘ ȖİȦµİĲȡȚțȒ ȑȞȞȠȚĮ, ĮȜȜȐ ĳȣıȚțȩ µȑȖİșȠȢ țĮȚ, İʌȠµȑȞȦȢ, ȑȤİȚ įȚĮıĲȐıİȚȢ țĮȚ 
ĲȚȢ ĮȞĲȓıĲȠȚȤİȢ µȠȞȐįİȢ. Ȇ.Ȥ. Ș țȜȓıȘ ĲȘȢ țĮµʌȪȜȘȢ s(t) (s  įȚȐıĲȘµĮ [m], t ȤȡȩȞȠȢ [s]) 
µĮȢ įȓȞİȚ ĲȘ ıĲȚȖµȚĮȓĮ ĲĮȤȪĲȘĲĮ [m/s].  



Account	
  of	
  results	
  of	
  different	
  
experimental	
  methods	
  
•  Some0mes	
  we	
  can	
  measure	
  the	
  same	
  physical	
  quan%ty	
  but	
  
with	
  different	
  methods.	
  So	
  we	
  get	
  different	
  results	
  with	
  
different	
  errors.	
  In	
  this	
  case	
  the	
  ques0on	
  is	
  what	
  is	
  the	
  correct	
  
answer.	
  

•  Let’s	
  assume	
  that	
  we	
  use	
  N	
  different	
  methods	
  and	
  we	
  get	
  the	
  
results:	
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•  	
  Then	
  the	
  result	
  which	
  “combines”	
  all	
  the	
  measurements	
  in	
  
the	
  op0mum	
  way	
  is:	
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