Chapter  5    Motion Near the Earth’s Surface

5.1
Gravitational Forces  (158)


a.
Previous-> contact forces - now-> will not be


b.
ball accelerates as it falls -> implies a force is acting


c.
Inv: Finding acceleration due to gravity - Activity 6 - Free Fall (using CBL)


d.
gravitational field constant  

    



e.
Fg = mg = mag

f.
page 159:  g vs latitude,    g vs altitude,   g vs planets    (pop cans on other planets)


f.
pp (159)

1
find force on girl and on bullet (on earth)






2
find force on girl and on bullet (on moon)


g.
ecp (201)
14
find force of gravity on astronaut on Mars, Uranus, Pluto






15
find force to accelerate from rest with; some friction






[16]
find force of gravity on unknown surface






17
thrust of rocket to accelerate straight up






18
draw free body diagram of rocket being fired - white board





19
find force of person to jump a distance off ground






20
find acceleration of spider on strand with given force






21
force on helicopter’s blades and on rope while lifting car

5.2
Weight (159)


a.



 EMBED Equation.2  
 implies that if  

 then  

  g is always down (tend to omit arrow)


b.
Discuss forces on scale and person on page 159


c.
If there is a force of gravity, then their is weight.    Is there weight in space?


d.
How does one measure weight? - with a spring scale


e.
Discuss the reading of a scale on an elevator


f.
Sample Problem (160)
discussing weight on an elevator


g.
Video Cinema Classics #1 76 at beginning or near End


h.
pp (162)

1
find forces on person on elevator  (yes)






2
find tension on elevator cable  (yes)






3
find scale reading if scale is fastened to top of elevator  (yes)


g.
ecp (201)
[22]
find time for Jane to climb rope






23
find forces of boy pushing a lawn mower






24
reading of scale in elevator






25
find tension on cable of elevator






26
fish hanging from scale fastened to top of elevator

5.3
Strings, Pulleys, and Gravity  (162)


a.
Demo: Weight on string over pulley. Use scales to show reading at various angles

b.
Assumptions:



1
strings are massless and are capable of exerting only “pulling” forces ‘tension’



2
strings transmit forces undiminished - tension is everywhere the same



3
a frictionless pulley changes the direction of string w/o decreasing its tension



4
strings do not stretch



5
rotating pulley has no effect on...


c.
Sample Problems
163
1
two blocks, one on table and one over edge








2
two spheres on pulley


d.
pp (165)

1
mass over pulley with one on table






2
mass over pulley with one on table






3
atwood machine


e.
ecp (202)
27
draw free body diagram 

5.4
Friction  (166)


a.
Ffriction always opposes motion or attempted motion


b.
Leonardo da  Vinci --> Ff 

w (for horizontal surfaces)


c.
now --> Ff 

 FN

d.
Demo: Find Ff, 

, with large wood block and Newton scale: does speed, area affect?


e.
Handout: Coefficient of friction information

f.
static friction: 

     



g.
kinetic friction:  

   



h.
Handout: Forces and Friction

h.
Sample Problem 
167
1
find  

  (yes)







168
2
find 

  (yes)







168
3
Find  a  (yes)







169
4
find  a  with and without friction


i.
pp 169

1.
find 









2.
find F






3.
find a






4.
find 



with force at an angle






5.
find  a, t, for block sliding down the ramp






6.
find a, vf for skier






7.
find a


j.
ecp (204)
28
hanging mass pulling mass on table






29
hanging mass pulling mass on incline






[30]
find acceleration of Tarzan on vine






31
forces on boat in water with water resistance






32
find time it takes hockey player to stop


33
find force to pull block across the floor


34
find coefficient of friction to stop sliding box


35
find maximum force on lower block so that upper block does not slip


36
find forces on crate pulled at an angle


37
how far across the table will a pop can slide in coming to rest


38
how far will skier slide up hill until coming to stop

5.5
Inertial and Gravitational Mass  (170)     Omit

a.
to find mi,   

        b     to find mg,  use balance

5.6
Free Fall  (171)


a.
Aristotle - feather falls slower than stone


b.
Galileo - large and small iron spheres fall together


c.
Boyle - remove air resistance and feather and stone will fall together


d.


       



e.
Sample Problem  172
find time it takes object to drop on moon


f.
pp 173

1
find vf of astronaut in space  (yes)






2
find ag on a planet  (yes)


g.
ecp (204)
39
analyze flash photo of falling ball






40
analyze force on shot put






41
analyze robber jumping from window

5.7
Free Fall and Air Resistance  (173)


a.
Demo: drop large and small styrofoam sphere  (see p 173)


b.




c.
Investigation: Falling Coffee Filter Activity 8  Terminal Velocity


d.
If 




-
as Fair increases, Fnet decreases and acceleration decreases



-
terminal velocity when Fg=Fair  (no acceleration) 



-
see parachutist jump graph of v vs t



-
no parachute, 




- 
open parachute, 

  v drops to 3-4 



e.
Sample problem  174

analyze Fair vs v graph    Fair = 0.027v2

f.
pp 175

1
find a  for Fair vs v graph






2
find vterminal  for Fair vs v graph






3
ainstant  for Fair vs v graph

5.8
Two-Dimensional Motion in Earth’s Gravitational Field  (175)


a.
Demo: Interactive Physics 2.5  a) gravity only,  b) vhoriz only,  c)  both


b.
Trajectory:  vh constant,    vvertical has constant acceleration (g=9.8 m/ sec2)


c.
Sample problem 176:
1
find t, dh for rock thrown off cliff (yes)








2
find height of building of ball thrown with vhoriz







3
find when, where, and vf  when ball thrown horizontal from rising helicopter


d.
pp 178

1
find height of building using ball thrown horizontally from top  (yes)






2
find how far a bullet travels when fired horizontally  (yes)






3
find time and vh of ball thrown horizontally for ceiling  (yes)






4
find dv and vf as ball hits the ground  (yes)






5
analyzing falling bomb  (yes)






6
find time and dh of cannonball shot horizontally  (yes)






7
find time and dh of bottle dropped from moving hot air balloon  (yes)

5.9
Analyzing Projectile Motion  (179)


a.
Demo:  Projectile analog apparatus


b.
Demo:  Draw parabola on chalk board and then through softball  (use video camera)


c.
horizontal:  

       vertical:  

      

    


d.


  =   



e.
If thrown at an angle:  

   and  



f.


    and    



g.
note... 

  so be careful with signs


h.




i.
Demo: use squirt gun and dart gun to examine 

      maximum range at what angle? ___


j.
Examine graph on 182 of flight of baseball with and without air resistance


k.
Assumptions we have made



1.
effect of air resistance ignored



2.
ag is constant



3.
earth is flat



4.
projectile is in one vertical plane

l.
Discuss rocket launch from earth, directly north, directly east, directly south, directly west, other


m.
Handout: Cannon ball information from TPT

n.
Sample problem 182
find t and dh of bullet shot at 60o

o.
pp 182

1
find dh for cannon ball shot at 25o





2
find dh of ball thrown at 35o





3
where will kicked soccer ball land relative to kicker






4
find vh of goalie who starts running when dh is maximum


p
ecp
205

42
 find height of window and range of thrown ball


43
find range of cannon ball shot horizontally from cliff


44
analyze shell fired from cliff


45
analyze bomber diving at an angle relative to the vertical


46
analyze car sliding off bridge


47
analyze shell fired


48
find the initial velocity of baseball thrown from second to first base


49
find widest river you can throw ball over


50
analyze runner running to catch football


51
find angle to shoot bullet

5.10
Centripetal Acceleration and Centripetal Force  (183)


a.
Demo: swing ball in circle, let go - where will it go?


b.






  note...in same direction     centriPetal


c.
remember that a force is a push or a pull or that it can act at a distance


d.
the centriPetal force causes a change in direction only  (unique)


e.
we will omit direction as we know what it is!!


f.
(1) 

 (no a)   (2) 

 (no R)   (3)  

 (no T)   (4) 

 (no v)


g.




h.
Demo: 4 partition accelerometer


i.
Demo: 4 Ne2’s on electric (ac) cord 


j
Sample problem 184
1
find Fc supplied by friction to keep car from skidding








2
find speed to keep radius constant at 20o slope








3.
Find Fmin and Fmax for object spinning in vertical circle


k.
pp (187)

1
find tension on rope of object spinning in a horizontal circle






2
find maximum speed without breaking string






3
find speed at top of loop the loop






4
find maximum speed for 7 g’s       find force on pilot


l.
ecp (206)
52
find centripetal force






53
find centripetal force of ball on string


54
analyze Bohr model of hydrogen atom


55
analyze ball on string pendulum


56
analyze ball on string in vertical circle


57
analyze ball on string in vertical circle


[58]
analyze snoopy flying loop the loop


[59]
how far can kangaroo stand and not be hit by sling shot


l.
188
Demo: Rotor with drill


m.
189
Clothoid Loop      

  How keep force constant?

 5.11
Frames of Reference (191)

1. Have you ever, in a car wash…jammed your foot on the brake when you felt the car moving and then felt foolish when it wasn’t?

2. Have you ever, while stopped at a stoplight …jammed your foot on the brake when you felt the car moving and then felt foolish when it wasn’t?

3. Have you ever …thrown a ball up while riding in a car or bus and wondered how it looked from outside the car or bus?

4. Have you ever...wished to be in a space shuttle approaching a space craft?

5. Frames of Reference Linear relative motion only  #1 Chapter 16

6. Cinema Classics Disk: Ball being dropped from mast of ship  Chapter 48

7. Is there an absolute frame of reference?

8. Newton’s Law of motion holds equally well whether frame is moving with constant velocity or not moving at all

9. Newton’s laws work in an inertial frame of reference.

10. They do not work in a non-inertial (accelerated) frame of reference.

11. When are you in an inertial frame of reference? 

12. If you are not moving or moving with a constant velocity.

13. Have you ever...seen books sliding across the car seat or the dash as you turned a corner?

14. What is the force(s) acting on the books?
There are none.
Why not?

15. We are using Newton’s laws in a non-inertial (accelerated) frame.

16. Laser Disk  Frames of Reference: Accelerated cart part

17. If the reference frame is accelerating…Newton’s laws of motion do not work.

18. If you placed a helium filled balloon in a car or bus, what would it do when:

you accelerated from rest?     you accelerated to a stop?   you turned a corner?

19. Laser Disk  Frames of Reference

20. Circular Motion Transparency

21. Ball on turntable

22. Demonstration: Rotating Frame of Reference

23. Discuss:  Force(s) on ball rotating in a circle

What is the outward (centriFugal) force on the ball?
There is none. 
Why not?

24. We are using Newton’s laws in a non-inertial (accelerated) frame of reference where they don’t work.

25. Summary:  Newton’s laws apply in inertial frames, but they do not apply in accelerated reference frames.

26. Is the earth accelerating?  If so then why do Newton’s laws work?

The expected differences are too small to observe. 
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