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Read following sentences and answer the questions below;

(I) Newton’s law of universal gravitation states that every two particles of matter in the
universe attract each other with a force that acts in the line joining them, the intensity
of which varies as the product of their masses and inversely as the square of the distance
between them. Put into symbols, the gravitational force F exerted between two particles
with masses m; and my separated by a distance d is given by Eq. (1) ,where G is called
the constant of gravitation.

F = Gmymy/d? (1)

A force varying with the inverse square power of the distance from the Sun had been
already suggested notably by Robert Hooke. The credit for accounting for , and partially
correcting, Kepler’s laws and for setting gravitational astronomy on a proper mathemati-
cal basis is wholly Newton’s. Newton’s theory was first published in The Pricipia in 1686.
According to Newton, it was formulated in principle in 1666 when the problem of elliptic
motion in the universe-square force field was solved. But publication was delayed in part
because of the difficulty of proceeding from the ”particles” of the law to extended bodies
such as the Earth. This difficulty was overcome when Newton established that, under his
law, bodies having spherically symmetrical distribution of mass attract each other as if

all their mass were concentrated at their respective centers.

(IT) Newton verified that the gravitational force between the Earth and the Moon, neces-
sary to maintain the Moon in its orbit, and the gravitational attraction on the surface of
the Earth were related by an inverse square law of force. Let E be the mass of the Earth,
assumed to be spherically symmetrical with radius R. Then the force exerted by the Earth
on a small mass m near the Earth’s surface is given by Eq. (2), and the acceleration of
gravity on the Earth’s surface,g, by Eq.(3).

F =GEm/R? (2)

g=GE/R*  (3)

Equation (3) shows that the measurement of the acceleration due to gravity at the surface

of the Earth is equivalent to finding the product G and the mass of the Earth. Determining
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the gravitational constant by a suitable experiment is therefore equivalent to ” weighting
the Earth”. In Newtonian gravitation G is an absolute constant, independent of time,
place, and the chemical composition of the masses involved. Partial confirmation of this
was provided before Newton’s time by the experiment attributed to Galileo when different
weights released simultaneously from the top of the tower of Pisa reached the ground at
the same time. Newton found further confirmation, experimenting with pendulums made
out of different materials. Early in this century, R E6tvos found that different materials
fall with the same acceleration to within 1 part in 10”. With the discovery of antimatter,
there was speculation that matter and antimatter would exert a mutual gravitational
repulsion. But experimental results indicated that they attract one another according to

the same law as apply to matter of the same kind.

(IIT) A cosmology with changing physical ” constants” was first proposed in 1937 by P.A.M.
Dirac. Field theories applying this principle have since been proposed. In these theories
G is diminishing; for instance R.H.Dicke suggest a change of about 2 x 107! per year.
This would have profound effect on phenomena ranging from the evolution of the universe
to the evolution of the Earth. For instance, starts evolve faster if G is greater, so that
stellar evolutionary ages computed with constant G at its present value would be too
great. The Earth, compressed by gravitation, would expand, having a profound effect
on surface features. Planetary orbits would be gradually be increasing in size. About
3 x 107 years ago the Sun would have been hotter than it is now, and the Earth and
its orbit would have been smaller, so that the temperature on the Earth’s surface might
have approached the boiling point of water; this would be important for the origin of
life on the Earth. Astronomical observations of the planets over the past few hundred
years are not accurate enough for the predicted change to be detected. In the equation
of the motion of Newtonian mechanics, the mass of body appears as inertial mass as a
factor of the acceleration, and as gravitational mass in the expression of the gravitational
force. The equality of these masses is confirmed by the Eotvos experiment. It justifies
the assumption that the motion of a particle in a gravitational field does not depend on
its physical composition. In Newton’s theory the equality can be said to be a coincidence,
but not in Einstein’s theory, where inertia and gravitation are unified. While mass in
Newtonian mechanics is an intrinsic property of a body, its weight depends on certain

forces acting on it. For example, the weight of a body on the Earth depends on the
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gravitational attraction of the Earth on the body and also on the centrifugal force due to
the Earth’s rotation. The body would have lower weight on the Moon, even though its

mass would remain the same.

Question 1:Translate the section(l)into Japanese.

Question 2:Translate the section(ll)into Japanese.

Question 3:Which title do you put on the section(lIl)?Explain the reason of it both in English
and in Japanese.

Question 4:Describe what may happen, when the Newtonian constant is a little bit smaller
than it is now, in Japanese and then translate them into English.

Question 5:What do you think about the equality of the mass and the weight? Express your

idea in English and in Japanese.
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