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Energy Review  

Introduction Abeer Alghamdi 

Kinetic Energy  
 
§Associated with movement of members of a system 
  
Potential Energy 
 
  Determined by the configuration of the system  
 
§Gravitational and Elastic Potential Energies have been studied  
 
Internal Energy  
 
§Related to the temperature of the system  

 
§  



Types of Systems  
Non-isolated systems  
•  Energy can cross the system boundary in a variety of 

ways.  
•  Total energy of the system changes  
 
Isolated systems  
•   Energy does not cross the boundary of the system  
•  Total energy of the system is constant  
 
Conservation of energy  
•  Can be used if no non-conservative forces act within the 

isolated system  
•  Applies to biological organisms, technological systems, 

engineering situations, etc  
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In non-isolated systems, energy crosses the boundary of the system 
during some time interval due to an interaction with the 
environment.  
Work – transfers energy by applying a force and causing a 
displacement of the point of application of the force.  
Mechanical Wave – transfers energy by allowing a disturbance to 
propagate through a medium.  
Heat – the mechanism of energy transfer that is driven by a 
temperature difference between two regions in space.  
Matter Transfer – matter physically crosses the boundary of the 
system, carrying energy with it.  
Electrical Transmission – energy transfer into or out of a system 
by electric current.  
Electromagnetic Radiation – energy is transferred by 
electromagnetic waves.  
	  
	  
	  


Ways to Transfer Energy Into 
or Out of A System  

Section 8.1 Abeer Alghamdi 
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Conservation of Energy  

Energy	  is	  conserved	  	  
	  
§This	   means	   that	   energy	   cannot	   be	   created	   nor	  
destroyed.	  	  
	  
§If	  the	  total	  amount	  of	  energy	  in	  a	  system	  changes,	  
it	   can	   only	   be	   due	   to	   the	   fact	   that	   energy	   has	  
crossed	   the	   boundary	   of	   the	   system	   by	   some	  
method	  of	  energy	  transfer.	  
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Conserva:on	  of	  Energy,	  cont.	   
Mathema:cally,	  ΔEsystem	  =	  ΣT	  	  
§Esystem	  	  is	  the	  total	  energy	  of	  the	  system	  	  
§T	  is	  the	  energy	  transferred	  across	  the	  system	  
boundary	  by	  some	  mechanism	  	  	  
§ Established	  symbols:	  	  T	  work	  	  =	  W	  and	  Theat	  	  =	  Q	  	  
§ Others	  just	  use	  subscripts	  The	  primarily	  
mathema:cal	  representa:on	  of	  the	  energy	  version	  of	  
the	  analysis	  model	  of	  the	  non-‐isolated	  system	  is	  given	  
by	  the	  full	  expansion	  of	  the	  above	  equa:on.	  	  
§Δ	  K	  +	  	  Δ	  U	  +	  	  ΔEint	  	  =	  W	  +	  Q	  +	  TMW	  	  +	  TMT	  +	  TET	  	  	  +	  TER	  	  	  
§ TMW	  –	  	  transfer	  by	  mechanical	  waves	  
§ TMT	  –	  by	  maGer	  transfer	  	  
§ TET	  –	  by	  electrical	  transmission	  
§ TER	  –	  by	  electromagne:c	  transmission	  	  
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For	  an	  isolated	  system,	  ΔEmech=	  0	  	  
	  §Remember	  Emech	  =	  K	  +	  U	  	  	  
§This	  is	  conserva4on	  of	  energy	  for	  an	  isolated	  
system	  with	  no	  non-‐conserva:ve	  forces	  ac:ng.	  	  
If	  non-‐conserva:ve	  forces	  are	  ac:ng,	  some	  energy	  
is	  transformed	  into	  internal	  energy.	  	  
Conserva:on	  of	  Energy	  becomes	  ΔEsystem=	  0	  	  
§Esystemis	  all	  kine:c,	  poten:al,	  and	  internal	  
energies	  	  
§This	  is	  the	  most	  general	  statement	  of	  the	  isolated	  
system	  model.	  	  
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Isolated System  



Isolated System, cont.  
The	  changes	  in	  energy	  can	  be	  wriGen	  out	  and	  rearranged.	  	  
	  
Kf	  +	  Uf	  =	  Ki+	  Ui	  	  	  
	  
§Remember,	  this	  applies	  only	  to	  a	  system	  in	  which	  
conserva:ve	  forces	  act.	  	  
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Problem Solving Strategy – Conservation of 
Mechanical Energy for an Isolated System 
with No Non-conservative Forces 
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Kinetic Friction 



Work and Energy With Friction 
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Adding Changes in Potential 
Energy 
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Power 
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Instantaneous Power and 
Average Power 
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Units of Power 
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Problem Solving Summary – 
Non-isolated System 

Summary Abeer Alghamdi 



Problem Solving Summary – 
Isolated System 
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Isolated System  Non-Isolated System  

Forces conservative Forces Non-conservative Forces 

conservation of 
energy 

ΔEsystem=0 ΔEsystem=ΣT 

Conservation of 
Mechanical Energy  

ΔEmech=0 
ΔK+ΔU=0 
ΔUg=mgh 
ΔUs=1/2kx2 

ΔEmech=ΣW 
ΔK+ΔU=ΣW=ΣW-Fsd 
ΔUg=mgh 
ΔUs=1/2kx2 

Cases 1-‐	  ΔK+ΔUg=0	  Or	  ΔK=ΣW	  
	الارض  	عن  	مسافة  	الجسم  	رفع  	تم  	أذا  

2-‐	  ΔK+ΔUs=0	  
	المحول  	على  	يتحرك  	بنابض  	معلق  	جسم  	  

	الافقي  
3-‐	  ΔK+ΔUg+ΔUs+=0	  

	الارض  	عن  	مسافة  	بنابض  	الجسم  	رفع  	تم  	إذا  
4-‐ΔUs=0	  

	قيمة  	اقصى  	عند  	لصفر  	مساوية  	الحركية  	الطاقة  	تكون  
	تكون  	حيث)  	XmaxOr,Xmin(للازاحة  		الطاقة    

	يمكن  	ما  	أعلى  	الكامنة  .
	لحظة  	عند  	لصفر  	مساوية  	الكامنة  	الطاقة  	تكون  

	الاتزان  )x=0في(		النابض    
	  

1-‐	  ΔK+ΔUg=ΣW-‐Fsd	  
	الارض  	عن  	مسافة  	الجسم  	رفع  	تم  	أذا  

2-‐	  ΔK+ΔUs=ΣW-‐Fsd	  
	المحول  	على  	يتحرك  	بنابض  	معلق  	جسم  	  

	الافقي  
3-‐	  ΔK+ΔUg+ΔUs+=ΣW-‐Fsd	  

	الارض  	عن  	مسافة  	بنابض  	الجسم  	رفع  	تم  	إذا  
4-‐ΔUs=ΣW-‐Fsd	  

	قيمة  	اقصى  	عند  	لصفر  	مساوية  	الحركية  	الطاقة  	تكون  
	الطاقة  	تكون  	حيث)  	XmaxOr,Xmin(للازاحة  

	يمكن  	ما  	أعلى  	الكامنة  .
	لحظة  	عند  	لصفر  	مساوية  	الكامنة  	الطاقة  	تكون  

	الاتزان  )x=0في(		النابض    
	  



Sec<on	  7.2	  Work	  Done	  by	  a	  Constant	  Force	  
1-‐	  A	  2.00-‐kg	  block	  is	  aGached	  to	  a	  spring	  of	  force	  constant	  500	  N/m.	  The	  block	  is	  pulled	  5.00	  
cm	  to	  the	  right	  of	  equilibrium	  and	  released	  from	  rest.	  Find	  the	  speed	  of	  the	  block	  as	  it	  passes	  
through	  equilibrium	  if	  (a)	  the	  horizontal	  surface	  is	  fric:onless	  and	  (b)	  the	  coefficient	  of	  fric:on	  
between	  block	  and	  surface	  is	  0.350.	  	  
2-‐	   .	  Explain	  why	  the	  total	  energy	  of	  a	  system	  can	  be	  either	  posi:ve	  or	  nega:ve,	  whereas	  the	  
kine:c	  energy	  is	  always	  posi:ve.3-‐	  Can	  a	  normal	  force	  do	  work?	  If	  not,	  why	  not?	  If	  so,	  give	  an	  
example.	  
3-‐A	  ball	  is	  thrown	  straight	  up	  into	  the	  air.	  At	  what	  posi:on	  is	  its	  kine:c	  energy	  a	  maximum?	  At	  
what	  posi:on	  is	  the	  gravita:onal	  poten:al	  energy	  of	  the	  ball–Earth	  system	  a	  maximum?.	  	  
4-‐	  A	  pile	  driver	  is	  a	  device	  used	  to	  drive	  objects	  into	  the	  Earth	  by	  repeatedly	  dropping	  a	  heavy	  
weight	  on	  them.	  By	  how	  much	  does	  the	  energy	  of	  the	  pile	  driver–Earth	  system	  increase	  when	  
the	  weight	  it	  drops	  is	  doubled?	  Assume	  the	  weight	  is	  dropped	  from	  the	  same	  height	  each	  :me.
5-‐	  A	  ball	  is	  thrown	  straight	  up	  into	  the	  air.	  At	  what	  posi:on	  is	  its	  kine:c	  energy	  a	  maximum?	  At	  
what	  posi:on	  is	  the	  gravita:onal	  poten:al	  energy	  of	  the	  ball–Earth	  system	  a	  maximum?	  
5-‐	  A	  1	  000-‐kg	  roller	  coaster	  train	  is	  ini:ally	  at	  the	  top	  of	  a	  rise,	  at	  point	  A.	  It	  then	  moves	  135	  a,	  
at	  an	  angle	  of	  40.0°	  below	  the	  horizontal,	  to	  a	  lower	  point	  B.	  (a)	  Choose	  point	  B	  to	  be	  the	  zero	  
level	   for	   gravita:onal	  poten:al	   energy.	   Find	   the	  poten:al	   energy	  of	   the	   roller	   coaster–Earth	  
system	  at	  points	  A	  and	  B,	  and	  the	  change	  in	  poten:al	  energy	  as	  the	  coaster	  moves.	  (b)	  Repeat	  
part	  (a),	  secng	  the	  zero	  reference	  level	  at	  point	  A.	  
6-‐	   A	   glider	   of	   mass	   0.150	   kg	   moves	   on	   a	   horizontal	   fric:onless	   air	   track.	   It	   is	   permanently	  
aGached	  to	  one	  end	  of	  a	  massless	  horizontal	  spring,	  which	  has	  a	  force	  constant	  of	  10.0	  N/m	  
both	   for	   extension	   and	   for	   compression.	   The	   other	   end	   of	   the	   spring	   is	   fixed.	   The	   glider	   is	  
moved	  to	  compress	  the	  spring	  by	  0.180	  m	  and	  then	  released	  from	  rest.	  Calculate	  the	  speed	  of	  
the	  glider	  (a)	  at	  the	  point	  where	  it	  has	  moved	  0.180	  m	  from	  its	  star:ng	  point,	  so	  that	  the	  spring	  
is	  momentarily	   exer:ng	  no	   force	   and	   (b)	   at	   the	  point	  where	   it	   has	  moved	  0.250	  m	   from	   its	  
star:ng	  point.	  

Homework 



7-‐	  A	  par:cle	  of	  mass	  m	  =	  5.00	  kg	  is	  released	  from	  point	  A	  and	  slides	  on	  the	  fric:onless	  track	  shown	  in	  Figure	  
P8.24.	  Determine	  (a)	  the	  par:cle’s	  speed	  at	  points	  B	  and	  C	  and	  (b)	  the	  net	  work	  done	  by	  the	  gravita:onal	  force	  
in	  moving	  the	  par:cle	  from	  A	  to	  C.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
8-‐A	  block	  of	  mass	  0.250	  kg	  is	  placed	  on	  top	  of	  a	  light	  ver:cal	  spring	  of	  force	  constant	  5	  000	  N/m	  and	  pushed	  
downward	  so	  that	  the	  spring	  is	  compressed	  by	  0.100	  m.	  Aaer	  the	  block	  is	  released	  from	  rest,	  it	  travels	  upward	  
and	  then	  leaves	  the	  spring.	  To	  what	  maximum	  height	  above	  the	  point	  of	  release	  does	  it	  rise?	  	  
9-‐A	  5.00-‐kg	  block	  is	  set	  into	  mo:on	  up	  an	  inclined	  plane	  with	  an	  ini:al	  speed	  of	  8.00	  m/s	  (Fig.	  P8.33).	  The	  block	  
comes	  to	  rest	  aaer	  traveling	  3.00	  m	  along	  the	  plane,	  which	  is	  inclined	  at	  an	  angle	  of	  30.0°	  to	  the	  horizontal.	  For	  
this	  mo:on	  determine	  
(a)	  the	  change	  in	  the	  block’s	  kine:c	  energy,	  (b)	  the	  change	  in	  the	  poten:al	  energy	  of	  the	  block–Earth	  system,	  
and	  (c)	  the	  fric:on	  force	  exerted	  on	  the	  block	  (assumed	  to	  
be	  constant).	  (d)	  What	  is	  the	  coefficient	  of	  kine:c	  fric:on?	  
9-‐	  A	  700-‐N	  Marine	  in	  basic	  training	  climbs	  a	  10.0-‐m	  ver:cal	  rope	  at	  a	  constant	  speed	  in	  8.00	  s.	  What	  is	  his	  
power	  output?	  	  
10-‐The	  electric	  motor	  of	  a	  model	  train	  accelerates	  the	  train	  from	  rest	  to	  0.620	  m/s	  in	  21.0	  m/s.	  The	  total	  mass	  
of	  the	  train	  is	  875	  g.	  Find	  the	  average	  power	  delivered	  to	  the	  train	  during	  the	  accelera:on.	  


