807 AP Physics		Roychowdhury
CONNECTION BETWEEN FORCES AND POTENTIAL ENERGY

We have been analyzing two types of Conservative forces (these are forces for which the work done by forces only depends on the start and end points and not on the path taken) – Gravity and Spring. Both of these have a potential energy associated with them. Lets look at the connection between the forces and the associated potential energy function.
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Sometimes, the potential energy function is depicted graphically. A lot of information about the associated force may be found from it. If the system only has the associated conservative force acting on it, we may be able to predict a lot about the behavior of the system. Lets start with a simple system of a mass on a horizontal spring (no friction). Its Potential energy is depicted below.Potential Energy in J
 X in m
Slope(derivative) is negative and the force is positive i.e pointing to the right.
Value of the slope gives the magnitude of the force.
Slope(derivative) is positive and the force is negative i.e pointing to the left













Kinetic Energy at 5m
Potential Energy at 5m
K.E at 0

Forbidden zone – particle can not be here with 80J total energy since this would require negative K.E 
TOTAL ENERGY 80J





















From the PE graph, you can see  that the mass on the spring would gain K.E (and hence speed) as it moves towards equilibrium point (x=0 since the slope is zero at that point) and lose K.E as it moves away. This is as expected.


PROBLEM #1: 
Use the relationship between Force, Potential Energy, K.E, and Total Energy to answer the questions that follow the graph below. Base your answers on the graph below.
[image: Macintosh HD:Users:roychowdhuryh:Desktop:Screen shot 2013-01-24 at 12.13.40 PM.png]



















1. Choose the x values (intervals) for which the force is positive.

(0 – 2)		(2 - 3)		(3 – 4)		(4 – 5)

2. Choose the x values (intervals) for which the force is negative.

(0 – 2)		(2 - 3)		(3 – 4)		(4 – 5)

3. For which values of x is the force zero?

4. Estimate the value of x for which the force has the largest magnitude?


5. If a particle has to reach the 1m location, what minimum total energy must it have?
6. Can a particle with total energy 0.9 J reach the point at 4m? Why or why not?



7. A particle starts at rest at location 1.5m. 
(a) What is its potential energy?
(b) What is its total energy?
(c) Describe the subsequent motion of the particle. In particular, state the location where its has maximum speed and estimate the location when it again is at rest. What is the direction (positive/negative) of the force at this point?


PROBLEM #2:
The potential energy function of a 1kg particle is given by

.

(a) What is the force F(x) associated with the potential function?




(b) At what values of x is the force zero?



 

(c) What is the total energy of the particle at  x = 1m?


(d) If the particle is released at rest at x = 1m, how fast is it moving at x = 0m?





(e) Plot U vs x and F vs x in the space below (two separate graphs)
F vs x
U vs x
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U(x) = −3x3 + 5x2 + 6x










U

(

x

)

=-

3

x3

+

5

x2

+

6

x


Microsoft_Equation2.bin

image1.emf



Fg = −mg;       P.Eg =Ug = mgy     y being the height



Fs = −kx;        P.Es =Us =
1
2
kx2     x  being the amount  of  compression or  elongation



You might  notice that  F  seems to be the negative derivative of  the energy  function!



Fg = −
dUg



dy
      and      Fs = − dUs



dx
 



For  any Potential  energy  function U, its associated  Force F  is given by



F = − dU
dx
                            EQ.1



For  any conservative  force F, its associated  Potential  energy ƒunction U  is given by



U = − F dx∫                         EQ.2



If  there are only conservative  forces acting on a system, its total  energy remains cons tan t.
K.E +U = Cons tan t
We will  learn to analyze this connection both analytically and  graphically.
Note the  following :
1. If  U  is graphed  as a  function of  position, the negative slope at  a po int tells you about  
the  force at  that  po int.
2. If  the slope of  a U − x  graph is zero, the  force is zero. Po int s where the  force is zero are called
Equilibrium po int s
You can also draw a horizontal  line on the U − x  graph depicting TOTAL  energy = K.E +U
 (must  be known or  given to you). 
A particle will  move so that  at  every po int, the total  energy = K.E +U  remains
 cons tan t.
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