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Physics 

• Fundamental	  Science	  
•  Concerned	  with	  the	  fundamental	  principles	  of	  the	  Universe	  
•  Founda8on	  of	  other	  physical	  sciences	  
•  Has	  simplicity	  of	  fundamental	  concepts	  
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Physics, cont. 

• Divided	  into	  six	  major	  areas:	  
•  Classical	  Mechanics	  
•  Rela8vity	  
•  Thermodynamics	  
•  Electromagne8sm	  
•  Op8cs	  
•  Quantum	  Mechanics	  
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Classical Physics 

• Mechanics	  and	  electromagne8sm	  are	  basic	  to	  all	  other	  branches	  of	  
classical	  and	  modern	  physics.	  
• Classical	  physics	  

•  Developed	  before	  1900	  
•  First	  part	  of	  text	  deals	  with	  Classical	  Mechanics	  

•  Also	  called	  Newtonian	  Mechanics	  or	  Mechanics	  

• Modern	  physics	  
•  From	  about	  1900	  to	  the	  present	  
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Objectives of Physics 

• To	  find	  the	  limited	  number	  of	  fundamental	  laws	  that	  govern	  natural	  
phenomena	  
• To	  use	  these	  laws	  to	  develop	  theories	  that	  can	  predict	  the	  results	  of	  
future	  experiments	  
• Express	  the	  laws	  in	  the	  language	  of	  mathema8cs	  

•  Mathema8cs	  provides	  the	  bridge	  between	  theory	  and	  experiment.	  
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Theory and Experiments 

• Should	  complement	  each	  other	  
• When	  a	  discrepancy	  occurs,	  theory	  may	  be	  modified	  or	  new	  theories	  
formulated.	  

•  A	  theory	  may	  apply	  to	  limited	  condi8ons.	  
•  Example:	  	  Newtonian	  Mechanics	  is	  confined	  to	  objects	  traveling	  slowly	  with	  respect	  to	  
the	  speed	  of	  light.	  

•  Try	  to	  develop	  a	  more	  general	  theory	  
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Classical Physics Overview 

• Classical	  physics	  includes	  principles	  in	  many	  branches	  developed	  
before	  1900.	  
• Mechanics	  

•  Major	  developments	  by	  Newton,	  and	  con8nuing	  through	  the	  18th	  century	  

• Thermodynamics,	  op8cs	  and	  electromagne8sm	  
•  Developed	  in	  the	  laQer	  part	  of	  the	  19th	  century	  
•  Apparatus	  for	  controlled	  experiments	  became	  available	  
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1-1 Standards of Length, Mass, and Time 
 
Measurements 

• Used	  to	  describe	  natural	  phenomena	  
• Each	  measurement	  is	  associated	  with	  a	  physical	  quan8ty	  
• Need	  defined	  standards	  
• Characteris8cs	  of	  standards	  for	  measurements	  

•  Readily	  accessible	  	  
•  Possess	  some	  property	  that	  can	  be	  measured	  reliably	  
•  Must	  yield	  the	  same	  results	  when	  used	  by	  anyone	  anywhere	  
•  Cannot	  change	  with	  8me	  
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Standards of Fundamental Quantities 

• Standardized	  systems	  
•  Agreed	  upon	  by	  some	  authority,	  usually	  a	  governmental	  body	  

• SI	  –	  Systéme	  Interna8onal	  
•  Agreed	  to	  in	  1960	  by	  an	  interna8onal	  commiQee	  
•  Main	  system	  used	  in	  this	  text	  
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Quantities Used in Mechanics 

• In	  mechanics,	  three	  fundamental	  quan88es	  are	  used:	  
•  Length	  
•  Mass	  
•  Time	  

• All	  other	  quan88es	  in	  mechanics	  can	  be	  expressed	  in	  terms	  of	  the	  
three	  fundamental	  quan88es.	  
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Fundamental Quantities and Their Units 

Quantity SI Unit 
Length meter 

Mass kilogram 

Time second 

Temperature Kelvin 

Electric Current Ampere 

Luminous Intensity Candela 

Amount of Substance mole 
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Length 

• Length	  is	  the	  distance	  between	  two	  points	  in	  space.	  
• Units	  

•  SI	  –	  meter,	  m	  

• Defined	  in	  terms	  of	  a	  meter	  –	  the	  distance	  traveled	  by	  light	  in	  a	  
vacuum	  during	  a	  given	  8me	  
• See	  Table	  1.1	  for	  some	  examples	  of	  lengths.	  
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Mass 

• Units	  
•  SI	  –	  kilogram,	  kg	  

• Defined	  in	  terms	  of	  a	  kilogram,	  based	  on	  a	  specific	  cylinder	  kept	  at	  the	  
Interna8onal	  Bureau	  of	  Standards	  
• See	  Table	  1.2	  for	  masses	  of	  various	  objects.	  
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Standard Kilogram 
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Time 

• Units	  
•  seconds,	  s	  

• Defined	  in	  terms	  of	  the	  oscilla8on	  of	  radia8on	  from	  a	  cesium	  atom	  
• See	  Table	  1.3	  for	  some	  approximate	  8me	  intervals.	  
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US Customary System 
• S8ll	  used	  in	  the	  US,	  but	  text	  will	  use	  SI	  

Quantity Unit 

Length foot 

Mass slug 

Time second 
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Prefixes 

• Prefixes	  correspond	  to	  powers	  of	  10.	  
• Each	  prefix	  has	  a	  specific	  name.	  
• Each	  prefix	  has	  a	  specific	  abbrevia8on.	  
• The	  prefixes	  can	  be	  used	  with	  any	  basic	  units.	  
• They	  are	  mul8pliers	  of	  the	  basic	  unit.	  
• Examples:	  

•  1	  mm	  =	  10-‐3	  m	  
•  1	  mg	  =	  10-‐3	  g	  
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Prefixes, cont. 
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Example 
Order Ascending to the following of mass: 

 55g,1Kg,2700 ng,0.04Mg,110mg 

 



Fundamental and Derived Units 

• Derived	  quan88es	  can	  be	  expressed	  as	  a	  mathema8cal	  combina8on	  
of	  fundamental	  quan88es.	  
• Examples:	  

•  Area	  
•  A	  product	  of	  two	  lengths	  

•  Speed	  
•  A	  ra8o	  of	  a	  length	  to	  a	  8me	  interval	  

•  Density	  
•  A	  ra8o	  of	  mass	  to	  volume	  
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1-3 Dimensional Analysis 
 
Basic Quantities and Their Dimension 

• Dimension	  has	  a	  specific	  meaning	  –	  it	  denotes	  the	  physical	  nature	  of	  a	  
quan8ty.	  
• Dimensions	  are	  o`en	  denoted	  with	  square	  brackets.	  

•  Length	  [L]	  
•  Mass	  [M]	  
•  Time	  [T]	  
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Dimensions and Units 

• Each	  dimension	  can	  have	  many	  actual	  units.	  
• Table	  1.5	  for	  the	  dimensions	  and	  units	  of	  some	  derived	  quan88es	  
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Dimensional Analysis 

• Technique	  to	  check	  the	  correctness	  of	  an	  equa8on	  or	  to	  assist	  in	  
deriving	  an	  equa8on	  
• Dimensions	  (length,	  mass,	  8me,	  combina8ons)	  can	  be	  treated	  as	  
algebraic	  quan88es.	  	  

•  Add,	  subtract,	  mul8ply,	  divide	  

• Both	  sides	  of	  equa8on	  must	  have	  the	  same	  dimensions.	  
• Any	  rela8onship	  can	  be	  correct	  only	  if	  the	  dimensions	  on	  both	  sides	  
of	  the	  equa8on	  are	  the	  same.	  
• Cannot	  give	  numerical	  factors:	  this	  is	  its	  limita8on	  
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Dimensional Analysis, example 

• Given	  the	  equa8on:	  x	  =	  ½	  at	  2	  
• Check	  dimensions	  on	  each	  side:	  

• The	  T2’s	  cancel,	  leaving	  L	  for	  the	  dimensions	  of	  each	  side.	  
•  The	  equa8on	  is	  dimensionally	  correct.	  
•  There	  are	  no	  dimensions	  for	  the	  constant.	  

LT
T
LL 2
2

=⋅=
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Dimensional Analysis to Determine a Power Law 

• Determine	  powers	  in	  a	  propor8onality	  
•  Example:	  	  find	  the	  exponents	  in	  the	  expression	  

•  You	  must	  have	  lengths	  on	  both	  sides.	  
•  Accelera8on	  has	  dimensions	  of	  L/T2	  
•  Time	  has	  dimensions	  of	  T.	  
•  Analysis	  gives	  	  

∝ m nx a t

∝ 2x at
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Example 
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Symbols 

• The	  symbol	  used	  in	  an	  equa8on	  is	  not	  necessarily	  the	  symbol	  used	  for	  
its	  dimension.	  

• Some	  quan88es	  have	  one	  symbol	  used	  consistently.	  
•  For	  example,	  8me	  is	  t	  virtually	  all	  the	  8me.	  

• Some	  quan88es	  have	  many	  symbols	  used,	  depending	  upon	  the	  
specific	  situa8on.	  

•  For	  example,	  lengths	  may	  be	  x,	  y,	  z,	  r,	  d,	  h,	  etc.	  

• The	  dimensions	  will	  be	  given	  with	  a	  capitalized,	  non-‐italic	  leQer.	  
• The	  algebraic	  symbol	  will	  be	  italicized.	  

Section 1.3 Abeer Alghamdi 29 



1-4 Conversion of Units 
Conversion of Units 

• When	  units	  are	  not	  consistent,	  you	  may	  need	  to	  convert	  to	  
appropriate	  ones.	  
• See	  Appendix	  A	  for	  an	  extensive	  list	  of	  conversion	  factors.	  
• Units	  can	  be	  treated	  like	  algebraic	  quan88es	  that	  can	  cancel	  each	  
other	  out.	  
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Conversion 

• Always	  include	  units	  for	  every	  quan8ty,	  you	  can	  carry	  the	  units	  
through	  the	  en8re	  calcula8on.	  

• Will	  help	  detect	  possible	  errors	  

• Mul8ply	  original	  value	  by	  a	  ra8o	  equal	  to	  one.	  
• Example:	  
	  

•  Note	  the	  value	  inside	  the	  parentheses	  is	  equal	  to	  1,	  since	  1	  inch	  is	  defined	  as	  
2.54	  cm.	  

=

⎛ ⎞
=⎜ ⎟

⎝ ⎠

15.0 ?

2.5415.0 38.1
1

in cm

cmin cm
in
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1-5  Estimates and Order-of-Magnitude 
Calculations 
 
Order of Magnitude 

• Approxima8on	  based	  on	  a	  number	  of	  assump8ons	  
•  May	  need	  to	  modify	  assump8ons	  if	  more	  precise	  results	  are	  needed	  

• The	  order	  of	  magnitude	  is	  the	  power	  of	  10	  that	  applies.	  
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Order of Magnitude – Process 
• Es8mate	  a	  number	  and	  express	  it	  in	  scien8fic	  nota8on.	  

•  The	  mul8plier	  of	  the	  power	  of	  10	  needs	  to	  be	  between	  1	  and	  10.	  

• Compare	  the	  mul8plier	  to	  3.162	  =(	  	  	  	  	  	  	  )	  
•  If	  the	  remainder	  is	  less	  than	  3.162,	  the	  order	  of	  magnitude	  is	  the	  power	  of	  10	  in	  
the	  scien8fic	  nota8on.	  

•  If	  the	  remainder	  is	  greater	  than	  3.162,	  the	  order	  of	  magnitude	  is	  one	  more	  than	  
the	  power	  of	  10	  in	  the	  scien8fic	  nota8on.	  

10
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Using Order of Magnitude 

• Es8ma8ng	  too	  high	  for	  one	  number	  is	  o`en	  canceled	  by	  es8ma8ng	  
too	  low	  for	  another	  number.	  

•  The	  resul8ng	  order	  of	  magnitude	  is	  generally	  reliable	  within	  about	  a	  factor	  of	  
10.	  

• Working	  the	  problem	  allows	  you	  to	  drop	  digits,	  make	  reasonable	  
approxima8ons	  and	  simplify	  approxima8ons.	  
• With	  prac8ce,	  your	  results	  will	  become	  beQer	  and	  beQer.	  
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