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FYI: For the differential equation
i+ 2B% 4+ wiz =0,

the solutions are

x = AjePleosw't + Age Plsinw't W = y/wi — 2  (under damped)
x = Ae P 4 Bte P, (critically damped)

x = APt Age™Pt B = B4 1/82 —w?, (over damped).

Lagrange’s equations:

4 (o) _ o
dt\oq) — 0q
Rotating frame:
dv .
Mm% = B — m@ x (& X 7) — 2ma x 7.

dt
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1. Consider two identical pendulums of length
L with massless rods and weights of mass m
that move in the plane of the paper as shown.
They are connected by a spring of spring con-
stant k. When the pendulums are both verti-
cal, the spring is unstretched. Use the angular
displacement of the two masses from their re-
spective equilibrium positions as coordinates,
01 and 6. Choose 6; > 0 for movement to the
right.

(a) (15 pts) Construct the Lagrangian. .
(make small angle approximation, i.e. £ only keeps terms quadratic in 6; or 6;)

(b) (10 pts) Derive the equations of motion. )

o — v/ —cos &
0»)\/' fv\ﬂL(/ &o:i_KL_L(Q\_QL)l .
2 2 _@ ) .
o~ Lég;u@:) N %kL(Qli Ny kLfe.-C)
= =m3 1(, ) ézz)_ ""jL (9'?4,97_)"'; s



your name

Physics 321 Midterm #38 - Friday, April 20

Extra work space for #1



your name

Physics 321 Midterm #38 - Friday, April 20

2. (25 pts) A particle of mass m moves according to a potential
ki o, o
V(aj,y,z):§(x +z )

Circle all conserved quantities. (p refers to momentum, L to angular momentum, FE is the
total energy)

.« py
D
—
© put+py
© Dt P
* Py +D:
e L,
>
. L,
« L,+1L,
« L,+1L.
e Ly+L.

D



your name

Physics 321 Midterm #38 - Friday, April 20

3. (25 pts) A mass is dropped from a height h above the equator. Find the deflection, the
position where the mass lands relative to being directly below the dropping point, due to the
Coriolis force. Give answer in terms of h, g and the angular velocity of Earth’s rotation w,

and assume h is not so high that g changes.

SCORING: magnitude (20 pts), direction, i.e.north, east, west or south (5 pts). At least 10
points will be subtracted if your answer for the magnitude of the deflection does not have

dimensions of length.
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4. A particle of mass m is in a circular orbit or radius R, moves according to a potential

Vo

V:—TST,

where 1 > 0.

(a) (5 pts) What is the particle’s speed while in a circular orbit? Give answer in terms of
Vo, m and R.

(b) (5 pts) What is the particle’s angular momentum, L, in the circular orbit? Give answer
in terms of Vj, m and R.

(¢) (5 pts) For a particle with this angular momentum, what is the effective radial potential?
Provide a sketch. Label the radius of the circular orbit.

(d) (10 pts) What is the angular frequency of small oscillations of the radial distance r for
such a particle with angular momentum L about the circular orbit? Give answer in
terms of Vj, m and R. -
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