
Lecture 5:Multivariable
Calculus

Some dynamical problems ·
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Vectorial formulation of Newton's Law
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Examples
: Motion in gravitational field

horizonful and
Assume the earth is

flat
,

and the force of gravity

acts vertically :
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Let's find equation for the trajectory in
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2) Circular moton -20 & radius

w = frequency

inefts
a st)= (f(0sv+, gs,wt, 0)
IE#!I-+=↑M ⑲ 7 period T=
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X (time it takes to make one turn)

Rope pulls pody to
the center

,
so

force E is
directed in . Let's find E :

E = ma =
mc

while

A = w(- -sin(cH , fcos(ut) , 07
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Thus
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centrifugal force
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3) Angular momentum and torque.

(t)
Angular Momentum

zy-->⑧

a R =mxfl

* perpendicular to r
and directed so that

C ,
M) form a right triple

In this case is points inside the page .
/

In previous example
--
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TorqueHogue
I = x
->

·I
If a force is acting on

a body,
it

changes it's angular
momentum .

How does it change ? Analogue of

2nd Newton's Law .

Theorem
: If the mass is moving along

a trajectory I(t) under the influence

=
09 force I

,
them

11) = (t)
dt

->

where M=mExt is the angular momentum .

(mass)x velocity = linear Momentum
.

I is angular momentum
⑯



Proof: a = xm )
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places
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Remarkable particular case :

then It = const
If (t) = 0 ,

-> Mi = To (
( = 0 So

what's an example
of this

?

Enforce

E(t) = k(H (t) Example :
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Thus
,
if E is a central force

,

then

M = m Ext is constant .

Ex- Ball
-> es
I r() !↳

tible

string of14 = P up
or
down .

thus we can prescribe 11 Hill arbitrarily ·
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M = m /) x /H = constant
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M = mgi angular momentur .
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If you reduce length by half , e
,
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then w: 4 wo and 11V
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.

⑧


