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Shooting the Monkey

e Where does the zookeeper
alm If he wants to hit the monkey?

( He knows the monkey will
let go as soon as he shoots ! )



Shooting the Monkey...

e If there were no gravity, simply aim % r="ro
at the monkey

r =v,t %



With gravity, still aim at the monkey!
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Uniform Circular Motion




Uniform Circular Motion

» Suppose that we have a particle on the end of a string and
we are swinging it in a circle at a constant (e.g., uniform)
speed

«  We would not normally think that the particle is
accelerating as it’s speed Is constant

- But the particle’s velocity (being a vector quantity) is not
constant (because it is constantly changing direction)




« Given our definition of
acceleration (a non-
constant velocity), then it
must be that the particle
IS accelerating

» Here we see the velocity
and acceleration vectors
for our particle moving at
a uniform speed in a
circle

* The velocity vector Is
always tangent to the ~ *As aresult, the acceleration
circle in the direction of is directed radially inward
motion



This inward directed acceleration is called centripetal
(“center seeking”) acceleration and is given by the
equation:

where a Is the magnitude of the acceleration, r is the
radius of the circle and v Is the speed of the particle

We will derive this equation shortly...

he period of revolution (or simply the period)
IS the time It takes to go around the circle once

The period Is given by:
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* Now let’s derive the
centripetal
acceleration equation

* Here we see our
particle at some
Instant — It IS moving
at a constant speed v
and is located at the
point
(Xps ¥p)




* We know that the velocity v Is always tangent to
the particle’s path

*That means that v IS
perpendicular to the radius
r drawn from the origin to
the particle’s position

« And using a little
geometry, we can see
that the angle 6
between the velocity
vector and the vertical
line at p matches the
angle the radius makes
with the x axis




* The scalar
components of v are
shown here as
vy and v,

* The velocity can also
be written as:

V = vxf +vy]
= (—vsin )i +(vcos )]

Replacing sin @ with y,/r and cos 8 with Xx,/r we get:
VX, s

vy, e
|
r rJ

V=



We know that we have to take the time derivative of the
velocity to get the acceleration

* S0 we then get:

. dv vy, )} (vdx; )
d=—= | - j
dt r dt r dt

*But we know that dy,/dt is nothing more than the
velocity component v,; similarly, we know that
dx,/dt = v,



« We also know from earlier that v, = -v sin
and v, = v cos 6

« Making those substitutions we finally get:

2 2
a = [—Vcoseji +[—Vsin ij
r r

* To compute the magnitude of @ we have:

2 2
al=\a; +a; = VT\/(cosg)2 +(sin @) = VT




» To compute the angle ¢ we have:

- —(vz/ r\)sin 0
—(v?/r)cos®

=tand

-_——



« A fighter pilot flying in a circular turn will pass out if
the centripetal acceleration he experiences Is more
than about 9 times the acceleration of gravity g. If
his F18 Is moving with a speed of 300 m/s, what Is
the approximate diameter of the tightest turn this pilot
can make?
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Relative Motion Lo S A

» A Reference Frame is the place you measure from.
— It’s where you nail down your (x,y,z) axes!

« An Inertial Reference Frame (IRF) Is one that Is
not accelerating.

 Valid IRFs can have fixed velocities with respect
to each other.



Now let’s discuss how different observers — In
different frames of reference — would see that
particle



Relative Motion

Y Vpg = 1.2m/s+15m/s=16.2m/s Vpg= —1.2m/s+15m/s = 13.8m/s

1.2m/s 15.0m/s 1.2m/s 15.0m/s

Vg = Velocity of person relative
to ground




Frame A is not moving relative to the ground, but frame B Is
moving at a constant speed along the highway

Frame B

XpA =Xpp T Xpa

» \We can see that the following is true:

Xpa = Xpg T Xga



Xpa = Xpg T Xgp

* This tells us that “The position x,, of P as
measured by A Is equal to the position X5 of P

as measured by B plus the position xg, of B as
measured by A”.

e |f we take the time derivative of that relation
we get:

d d d
E(XPA): E(XPB)_I_ E(XBA)



» \We know that v = dx/dt, so we then get:
Vpa = Vpg T Vpa

 This tells us that “The velocity vy, of P as
measured by A is equal to the velocity v.g of P as

measured by B plus the velocity vg, of B as
measured by A”

* Now let’s differentiate once again to get the acceleration
of particle P as viewed in both frames of reference:

d d d
E(VPA) = E(VPB)_I_ E(VBA)



e The result is:
dpp = Apg

» This Is because vg, IS constant and therefore
drops out when the differential is taken.

 Observers in two different frames of reference
(moving with a constant velocity relative to
each other) will see that a moving particle has
the same acceleration



* |t Is Important to note that our frames of

reference (A and B) are moving with a
constant velocity relative to one another.

* As such, these are called inertial frames of
reference (from Newton’s 15t Law — the

LLaw of Inertia).

« \We would not get the same result if frame
B were accelerating relative to frame A



Relative Motion In Two Dimensions

» The relationship for
positions gives us:

— —

Iop = Ipg T I
For velocities we get:

Vpa = Vpg T Vg

*And finally for acceleration IR
we get:

dpp = dpg



A child walks from the front to rear of the boat at 6 km/hr with
respect to the boat. What is the child’s velocity with respect to
the ground?

up

ground V ,q=-9

wg

Vpg= 5 km/hr
Vo= VitV pg= - 6+5=-1

or - 1 km downstream
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