HW25: Noninertial Reference Frames, Phys3355, Fall 2005, with solution 1

1 Small Angular Deviation from True Vertical

1.1 General Angular Deviation from True Vertical

Show that the small angular deflection of a plumb line from a radially vertical line is approximately

N Rw? sin A cos A (1.1)
g — Rw?cos? \ '

0

where R is the radius of the earth, w is the angular frequency of rotation of the earth, g is the acceleration due to gravity
at the surface of the earth, and X is the angle of latitude (which is zero at the equator).

* | 1.1 solution | *

Using the right hand rule to find the centrifugal acceleration we get
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earth
R
From the figure above
Goit = (Rw?cos® A — g) § — Rw’sin Acos A & . (1.2)
So
Ruw?sin A cos A
tanf = ————. 1.3
an g — Rw? cos? A (1.3)
So for small 0
Ruw?sin Acos A
0~ ————— | 1.4
g — Rw?cos? \ (1.4)

1.2 Maximum Angular Deviation from True Vertical

What is the maximum deflection of a plumb line measured in degrees? (Maximize by varying X.) Use R = 6.4 x 10°m
and g = 9.8m/s?. Hint: Keep in mind what numbers are small.

* [ 1.2 solution | *

We can farther simplify 1.4 using Rw? < g giving

2 R 2
0~ sin \cos \ = u; sin 2\ (1.5)
which has a maximum when
T T
A== = A=-—. 1.6
5 1 (1.6)

So

2
6 2m
R 2 6.4 x 10°m (7g) 180°
B & 2 = 213900 = [Gax ~ 0.099°]. (1.7)
2g 2 % 9.8m/s? 2w rad




