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‘Once upon a time a student lay in a garden under an apple tree reflecting on the

| differ_ence between Einstein’s and Newton’s views about gravity. He was startled by the
{fall of an apple nearby. As he looked at the apple, he noticed ants beginning to run along

its surface. His curiosity aroused, he thought to. investigate the principles of navigation ‘

* followed by an ant. With his magnifying glass, he noted one track carefully, and tagl_gg'
“his kmfc made a cut in the annlc skin one mm above the track and another cut one mm
" below it.;y He peeled off the resultmg little highway of skin and laid it out on the face

of his book. The track ran as stralght as a laser beam along this highway. No more

economical path. could the ant have found to cover the ten cm from start to end of that

 strip of skin.) Any zigs and zags or even any smooth bend in the path on its way along

the apple peel from starting pbint to end point would have increased its length.
. “What a beautiful geodesic,” the stndent commented.()

His eye fell on two ants staiting' off from a common point P in slightly different

“directions. Their routes happened -to carry them through the region of the dimple at the

top of the apple one -on each side of it. Each ant conscxentlously pursued his geodesic.

- Each went as stralght on his strip of appleskm as he poss1bly could. Yet because of the |

L . curvature of the dimple 1tself the two tracks not only crossed but emerged in very

different directions. 7 N
““What happier illustration of Einstein’s geometric theory of gravity could one-

* possibly ask?” murmured the student. “The ants move as if they were attracted by the .

‘apple stem.) One might have believed in a Newtonian force at a distaﬁce.(gj'Yet from
. nowhere does an ant get his moving orders except from the local geometry along his

track. This is surely Binstein’s concept that all. physics takes place by “local action’..
What a difference from Newton’s actlon at' a distance’ view of physics! NOW I
understand better what this book means.” ,

~ Andso saying, he opened his book and read, “Don’t try to describe motion relative to

_ faraway objects. Physics is simple only when analyzed locally. And locally the world
" line that a satellite follows [in spacetime, around the Earth] is already as straight as any

world line can be. Forget all this talk about ‘deflection’ and “force of gravitation’ (6 I'm

_inside a spaceship. Or I'm floating outside and near it. Do I feel any ‘force of
_gravitation’? Not at all. Does the spaceship ‘feel’ such a force? No. Then why talk about

it? Recognize that the spaceship and I traverse a region of spacetime free of all force.
Acknowledge that the motion through that region is already ideally straight”.
- The dinner bell was ringing, but still the student sat, musing to himself. “Let me see if
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1nﬂuences matter there. 'I‘hat is Finstein’s explanation for ¢ grav1tat10n

I can summarize Einstein’s geometric theéry of gravity in three ideas: (1) locally,

_ i geodesics appear straight; (2) over more extended region of space and time, geodesics
“originally receding from each other begin to approach at a rate governed by the

curvature of spacctlmc and this effect of geometry on matter is what we mean today by

that old word ‘gravitation’; (3) mattcr in turn warps geometry. The dlmple arises m the

apple’ bccause the stem is there: I thmk I see how to.put the whole story even more

' ‘briefly: Space acts on matter, telling it how to move. In turn, maiter reacts back on

space, telling it how to curve.ry In other words, matter here”, he said, rising and picking
. up the apple by its stem, “curve space here. To produce a curvature in space here is to
force a curvature in space there”, he went on, as he watched a tingering ant busily

o followmg its geodesic a finger’s breadth away from the apple s stem. “Thus matter here

33’

Then the dinner bell was qulet and he was gone with book, magnifying glass—--and .

- apple.

(“Gravzrarzon” C.W. Misner, K.S. Thorne and . A Wheeler)
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1. “Ispoke to the. travel agent tbday about our upcoming trip, and she said that they
doh’t mail out aitline tickets anj(mofc the way they used to. Instead, they arrange
electric tickets, What we do is log onto the airline’s website and find our reservation.

Then we print out our ticket reservations. We take the printouts to the alrport with our -
passports and they issue the tickets and boarding passes-there.

‘ 2. There is only one thing that I enjoy more than reading a good novel or short story.

And that is rereading a good novel or short story. Going back to a book that you have
enjoyed previously enables you to recall, and in a way to relive the pleasure it provided
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the first time. But it also does more. When I reread a book especially a long time aftcr
flrst picking it up, 1 notice new detalls and expenencc new thoughts that cxcluded me
" the first time.



