Week 6 : Day 3
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o A m FX) B x-axis

A SR W =K, - K=DK

Consider a vanable force F(x) that moves an object of mass m Irom point 4 (x = x,)

: dv
topoint B (x = x.). We apply Newton's second law: F = ma=m—. Wethen

dt
multiply both sides of the last equation with dx and get Fdx =m g dx.
. . r Todv
We integrate both sides over dx from x. to x, IF dx = _[m ?dx :
: | ] ;

v = v dx > v dx = égabc = vdv. Thus the integral becomes
di dxdt @ dt dx dt

W—mTvﬁ—%[vz]:f = mj’ mf —K, K, =AK.
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A force I that 1s not constant but instead varies as a function of x
1s shown in fig. a. We wish to calculate the work W that I does
on an object 1t moves from position x; to position x,.

We partition the interval (xi,xf) into N "elements" of length

Ax each, as 1s shown 1n fig. b. The work done by F¥' 1n the jth
mterval 1s AW, = F,  Ax, where F,

J.ave avg 18 the average value of I

4,88

N
over the j-th element. W = ZF . Ax. We then take the limit of
j=1

the sum as Ax — 0, (or equivalently N — ).
N Xy

W =lim ZFj,angx = jF (x)dx. Geometrically, W 1s the area
j:l X

between the F'(x) curve and the x-axis, between x; and x;

(shaded blue in fig. d).
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Work and Kinetic Energy

Work and kinetic energy

Introduction

The kinetic energy (K) of an object of mamssmoving with velocityv, is defined as K=1imv.
The work done by a net for€&®{(x) in moving the object from an initial positiog to a final positior
is

W= " F(x)dx

A
If the force acts is one dimension (i.e. alongxais in this Force W
case), the work is just the area under the cBPf) vsx, B —
between the limitsxand x. For a constant force, it is the area /
of the shaded rectangle. X X position

The work—energy theorem tells us that the work dmnthe force is equal to the change in the kinetic
energy of the objectV =K - K. Another way of saying this is that the final Kinés equal to the

initial kinetic plus the work don¢K =K, +W.

Speed of a car

Now try to use these ideas to answer the follovegjngstions.

A car moves along a straight line in the positivdirection. The net force on the car varies astire
moves, and is plotted as a function of positiontfew different situations in the graphs.

Met force

1. On each graph, shade in the area that repretbents F oy /
work betweenpositions A and B. /
2. Is the work positive or negative? \ A ,f iﬁ_
i Position of object
3. At which point is the car moving faster (circlee)? X
Top graph: A B
Bottom graph: A B Net force
F
A
Explain your reasoning: 2
iF v/
L Position of object
x
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R=0 L auched Fig. a shows a spring in its relaxed state. In fig. b

we pull one end of the spring and stretch it by an

(@) amount d. The spring resists by exerting a force F

s vegme 2t _ on our hand in the opposite direction.
=— In fig. ¢ we push one end of the spring and compress
0 it by an amount 4. Again the spring resists by
j 5 R exerting a force /' on our hand in the opposite
| 3 f Ny

direction.

=
The forcec F cxcrticd by the spring on whatcver agent (in the picturc 1t 18 our
hand) is trying to change its natural length either by extending or by

compressing il 1s given by the equation /' =—kx Here x 18 the amouni by

which the spring has been extended or compressed. This equation 1s known

as "Hooke's law" and & 1s known as the "spring constant"
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Equilibrium Position —
position where there is
no net force...
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We will use the expression W_= IF (x)dx = J. —kxdx = —k_[ xdx.
X, X, X,

x> Xr T2 Joc?
W = —I{?} = 2" - 2f . Quute often we start with a relaxed

spring (x, = 0) and we either stretch or compress the spring by an
kxz

amount x (x, =tx). In thiscase W_=- 5
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The Work done by a Spring

Analyze System

Rods, clamps, cart, track, spring, rule, set afddad weights, graph paper.
The set-up

A cart of mas# is placed on a ramp tilted at angldt is attached to a spring of force constant
which is initially  its rest lengt| (the “start” position’

We hold the cart in the “start” position for a mamehen release it. The cart rolls down the ramp a
distancel before coming to a momentary halt. It then staaisk up the ramp, pulled by the spring.

Theory

Use concepts of work and the work-kinetic energotlem to derive an equation for the displacerhent
in terms ofM, g, k andg. Ignore friction for the moment...
- How much work is done by gravity as the cart rolls?
How much work is done by the spring as the cats?ol
What is the cart's kinetic energy just as it readtelowesipoint on the ramp?
Write an equation, which gives the distahda terms of other quantities.

Prediction

Set up a track so that it is tilted at an anglelmdut 10°. Measure the tilt angjguse trigonometry).
Measure the masdd of the cart. Determine the uncertainties in bbdse quantities. Now choose a
spring.

Your job:

Determine the spring constakt,and the uncertainty (just as you did in week 5).
Use the values d¥l, kand in your equation to predict the displacement dowenrampl, for
your spring. Calculate the uncertaint L.
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