ConcepTest 10b.1 Force and Work

A box is being pulled up a rough
incline by a rope connected to a
pulley. How many forces are

doing work on the box?
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1) one force

PARALR{e] (-1

3) three forces

4) four forces

5) no forces are doing work




ConcepTest 10b.1 Force and Work

1) one force
A box is being pulled up a rough )

incline by a rope connected to a 2) two forces

pulley. How many forces are 3) three forces

doing work on the box? 4) four forces

5) no forces are doing work

PHYS 1021: Chap. 10, Pg 4
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eOther examples of potential energy? Spring!

eoFor you to stretch a spring, apply force.

eoThe spring pulls back with a

erestoring force: F,

pring = -k x

- Work due to external force gives
the elastic potential energy:

Notice
F = -dU/dx

Example: Hanging Spring

A mass hangs from a spring which is attached to the ceiling. The spring will
stretch when the weight is hung from it. What is the new equilibrium
position in terms of d, k,, m, and g?

PHYS 1021: Chap. 10, Pg 6
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Tangible: 2 Hanging Springs

A mass hangs from two springs which are linked end to end, each of which
has a rest length d and a spring constant k,. As in the example, the
springs will stretch when the weight is hung from it. What are the new
spring constant and equilibrium position in terms of k,, d, m, and g. What
if the springs are hung in parallel (side by side) from the ceiling? Use
rubber bands and weights as proxies for the springs to verify your
answer.

PHYS 1021: Chap. 10, Pg 7




0 Definifion of Work

Work: change in energy of a system due to a
force that acts over a distance

Work = force applied in direction of displacement x displacement

b
- - i Work is a scalar,
W = fFOdS -
a its = N-m = Joule (J)

If a crate is pulled along
the floor, only the force
component parallel to
the displacement d
contributes to the work!

Dot product or scalar product

Vectors can be multiplied together (like Force
and displacement. One way to do this is to

multiply the components together to form a
scalar

W= [Fed;

C=AoB= AB +AB +AB, =|ABcos(0)
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If you do work....

Something will happen:
+ Kinetic energy changes
++Potential energy changes

**Heat is generated

Work energy theorem:
W = AK+AU + Fgiction d

... the work is converted directly to another
form of energy

Example: Skier

A skier traveling 11.4 m/s reaches the foot of a steady upward 18.4° incline
and glides 11.2 m up along this slope before coming to rest. What was
the average coefficient of friction? s
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Ponderable: Skier

A skier traveling 11.4 m/s reaches the foot of a steady
upward 18.4° incline and glides 11.2 m up along this
slope before coming to rest. What was the average
coefficient of friction?

The skier turns right around and glides down the slope.
What will be her speed at the bottom?

Ponderable: Spring

User LoggerPro to draw an energy diagram for the spring.
Download the movie and insert it into LoggerPro

Use the point capture feature to plot x and v,Insert new calculated

columns which calculate the potential and the kinetic energy and
the total energy.

Make a plot of PE, KE, TE as a function of x.

What is the spring constant ?

What is the maximum potential energy?

What is the maximum kinetic energy?

What is the maximum position, also called the turning point?
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Example: Alicia Weber

Alicia Weber has held a number of strength /endurance world records,
including the most pullups in 1 min (31), in 30 mins. (345), and in 60 mins
(560). What was the power output of her muscles in setting those
records?

L4

Ips

Note the 10 Ib medicine ball !! ———wy

AR A X Py

RMSE: 1.696 mm

\

Linear Fit for: VideoAnalysis | Y
Y = musb

m (Slope): -77.18 mm/s

b (Y-Intercept: 3428 mm
Correlation: -0.9995

RMSE: 1.296 mm

b (Y-Intercepy: 504.9 mm
Correlation: -0.9996
RMSE: 1.168 mm
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Ponderable: Powerful Frog Hoppers

A frog hopper is a 6 mm long insect that is the world high jump
champion. This 12.3 mg insect can jump 700 mm or 100 times
its length, but the power required to do this is quite large. A

B frog hopper launches itself with an initial velocity of 4.7 m/s in

S '.j“ 1 ms. How much energy is lost to air resistance? What is the

power needed to do this per kg of muscle (weight of muscle)?
The maximum power that can be generated by muscle is 250
W/kg (a human athlete generates about 10 W/kg). Do you

' wonder what the Reynold’s number is?

3 mm
Burrows JEB, 2009

ttp://www.biomedcentral.com/1741-7007/6/41

Ponderable: Springs in Frog Hoppers
A frog hopper launches itself with an initial velocity
of 4.7 m/s. We want to test if the elastic parts of
its pleural arch can store enough energy
needed to launch it like a catapault, If its mass
is 12.3 mg, and the arch is bent by 0.1 mm,
how large must the spring constant be?

http://www.biomedcentral.com/1741-7007/6/41
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ConcepTest 6.4 Going Bowling |

A bowling ball and a ping-pong 1) the bowling ball

ball are rolling towards you with .

2) same time for both
the same momentum. If you exert
the same force to stop each one, 3) the ping-pong ball

which takes a longer time to bring 4) impossible to say
to rest?

We know:
so Ap = F, At
Here, F and Ap are the same for both balls!

It will take the same amount of time to stop
them.

/ ConcepTest 10b.2 Going Bowling Il

A bowling ball and a ping-pong ball
are rolling towards you with the
same momentum. If you exert the

1) the bowling ball

2) same distance for both
same force to stop each one, for 3) the ping-pong ball
which is the stopping distance 4) impossible to say
greater?
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ConcepTest 10b.2 Going Bowling Il

A bowling ball and a ping-pong

ball are rolling towards you with

the same momentum. If you exert

the same force to stop each one,

for which is the stopping distance

greater?

1) the bowling ball
2) same distance for both
3) the ping-pong ball

4) impossible to say

Elastic Collisions
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Momentum conservation

T{EIHE P, = MV, +m,V,

Final: [ JENAPES A

eMomentum conservation: initial momentum = final

momentum
. mVqs+mVy =mVy+m,V-
eNote that this is a (el IR A il e B A

vector equation !!

Elastic Collision in 1-D

e Conserve momentum p,: initial:

MyVy;+ MoV, = MgV e+ MyVy

Nag

Vos,
e Conserve kinetic energy: final: IVVV\IE

1 2 1 2 =1 2 1 2
I V254 1 mpv2y; =1, mav2 ¢+ 1, myv2y g
o After some algebra, one can show a general result:

— NN EanNSIEPPrOHCH]
Vii=Vai = — (V1,f - V2,f) 25

SSMeansyeceany

The relative velocity before the collision is equal and opposite
to the relative velocity after the collision
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Relative
speed =v,

(a)

Relative
speed = v,

(b)

oA perfectly elastic collision is one where

the relative speed afterward/is equal fo

the relative speed before . the relative
velocity:isiequal and opposite.

a

ConcepTest 10b.3 Elastic Collisions |

Consider two elastic collisions:

1) a golf ball with speed v hits
a stationary bowling ball head-on. 1) situation 1
2) a bowling ball with speed v

hits a stationary golf ball head-on.

In which case does the golf ball
have the greater speed after the
collision?

2) situation 2
3) both the same

at rest

2
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ConcepTest 10b.3 Elastic Collisions |
Consider two elastic collisions:
1) a golf ball with speed v hits 1) situation 1
a stationary bowling ball head-on.
2) a bowling ball with speed v
hits a stationary golf ball head-on. 3) both the same
In which case does the golf ball

have the greater speed after the
collision?

Remember that the magnitude of the
has to be equal before
and after the collision!

In case 1 the bowling ball will almost
remain at rest, and the golf ball will
bounce back with speed close to v.

In case 2 the bowling ball will keep going
with speed close to v, hence the golf ball
will rebound with speed close to 2v.

/" ConcepTest 10b.4 Elastic collisions I

Carefully place a small rubber ball 1) zero
(mass m) on top of a much bigger 2) v
basketball (mass M) and drop these

from some height. What is the 3) 2v
velocity of the smaller ball after the 4) 3v
basketball hits the ground and collides 5) 4v
with small rubber ball?
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ConcepTest 10b.4 Elastic collisions I

Carefully place a small rubber ball (mass (1) zero
m) on top of a much bigger basketball
(mass M) and drop these from some (2) v
height. What is the velocity of the (3) 2v
smaller ball after the basketball hits
the ground and collides with small

rubber ball? (5) 4v

Remember that rejative
velocity has to be equal
before and after collision!
Before the collision, the
basketball bounces up

is coming down with v,
so their relative velocity is
—2v. After the collision, it
therefore has to be +2y!!
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