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Einslecn Notation

8% pare this state of affairs with that in general relativity theary, je

-

B0 inal formulation, we see siriking similaritics and differences. Laplace's

Ao = 0
is rep'aced by the gravitational equation
K1 = 0,

which, however, unlike the classizal aquation, satisfies the general relativis,
prircipie  The classical principle of inertia becomes in relativity theory the
prirciple of the geodesic Iine valid for a particle with infinitely small maw
True encugh, the cifficulty wita the inertial system disappears in relativigy
theory, as does the independent physical reality of space-time.  Yet the equa.
tians of motion still appear independently of (he field equations.

Our aim is to invesiigate to what extent *he field equations alone contain the
equations of motion of particles; alkso to develop a method that will allow w
to find these equatione of motion up to ar arbitrary approximation.

Let usstart with a simple remark: a linesr law always mecans that the motion
o singularitics is arbitrary. If toa wnrld-line of 2 singularity with mass m,
there belongs a field F(y and if to a world-line of a singularity with mass m,
therc belonge a field Fey, then the superpositicn of these two fields, that is
Fen =+ F @ is also a solution of (lie linear field cquations. Insucha salution the
same two world.dines womld appear together that before appeared singly.
‘Therefore the feld with its linear laws cannot impiy any nteraction hetween
the singularities. Thus only non-linear field equations can provide us with
equations of moticn because only nor-lincority can express the interaction
bctween singularities

Bat the argument cannot be reversed. Non-linearity is necessary but nc®
cufficient foe the rquaticns of motion to follow from the field equations.

The reason why the gravitational ficld equations do provide us with equ
tons of marion lies not in their non-linear character alone but also in the o
that these eguetions are not ind¢pendent [rom each other Indeed, among th
ten components four are freg, this teing due to the freedom of choice in theer
ordinzte xystem. The ten cquationsare valid, soto speak, 0nly for six eﬁ':tli\:f
junctions They would be inconsistent were it aot for the four (Bianch)
wdentities that they satiefy. This must be so for every relativistic system of
equations derived from a variatonal prindple. These icentitics are (besides
he non-lincarity) reeponsible for the equaticns of molion being ceierminz
hy the jieid equalions.

The ideas lcading to the equaticns of mation are not easy and are mutvaly
interwoven. -

One of the cesential ideas in this paper is the treatment of gravitauon:
equaticns by ¢ “new approximation method,” In it we treat space and 1me
difficrently. We regard the char pesof the field in time as small comparc;l ah
those in space. Only then do we arrive at a co 1sistent, manageable set of

. ~yations that can be salved step by step. This idea iz not new and was con-
. d in the previous papess,

[ he other important idea is the deduction of the equations of motion, which
.. ardincry difierential equations, frem the feld equations which are pariisl

Aerenitial equaticns. This wdea, treated here differently than in the peevions
. pere. lcads to the use of surface integrals taken around the singularities of
e ficdd. These surface integrals will depend only en the motien of the
. «cularities and not cn the shape of the surface.

These ond other ideas will be treated in detail in this paper. To make them
Jear we have decided to delegatz all the mure wedious calculations to the
\jendices.  (If we refer, for example, tn A4, this means the Appendix be-
Lacing to Sec. 4.) But even so, many straightforward bu: long calculations

1.l to be omitted. This is especially trve for the ralculations that lead beyond -

\cvtonian motion. We included here a short scetion on this subject, just for
it sake of completeness. But, as in [1], so here we have tc refer thos2 who
world like to see the (ull calculations to the manuscript which is deposited at
e Institute for Advanced Study.

Finally we should like to thank Mr, Lewison for his eritical etudy of our

peevious papers, and Mr. Schild for a careful and critical reading ¢f this
rANUSCript.

2. Notations: the gravitational ejugtions. Since in the greater part of cur
work wesha'l have toscpamte spaceand time, cur notation will net be the usual
iour-dimensional one.  \Ve make the conventions: Latin indices take the values
1,2, 3, and they refer to space co-ordinates only. Greek indices refar to hoth
vace and time, running cver the values0,1, 2, 3. Repetition of indices implies
immation,

The expression

X1) g,., etc. stands tor -;t" ete.
ax

Atinfinity the gravitationa! field takes the Galilean vzlues 9., , that is:
Amm = - 3muinum_0"|0x" 1.
We ‘.\'ritc:
-)3' 2.&": n;r+ hl"' g": ""+ }'"’

viere by, represents the deviation of space-time from fat space and it 1s nct
~ssumed to be small.

The b** can be calenlared as functions of £, by mears of the relation
21) Eoet™ = &

it turas ous 10 be convenlent o ceplace the 4's by y's which ere their bneor
tombinations:
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In Agust 1900

he and hig friends
celebrated their

graduation.

What will
you do now,
Albert?

[ want to be
a teacher.
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But Albert
had not
wanted to

go to the
professgorg’
lectures. Now
they did not
want to hire
him ag a
teacher.
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(3,4,1) X (1,2,1)="7?

(3,4, 1)
(L, 2, 1)

(4—21-3,6—4)="?







|V X w = [V W]l sin(a)




Area

[V xXw| =V |
w | = ||V ||w] sin(a)
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2
|V x WP+ |V x W™= [ VIPIW

v =4{vl, v2, v3}; w = {w1, w2, w3}; u = Cross|v, w];
Simplify[(v. w)*2+u.u==v.v*w.w]
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Credit: McDougal Littel Exploring Earth visualization















HAPPY TORQUE

Force required to tip a cow

Hypoteneuse or
lever

| ~
Direction of
force

Centre of
mass

mgcosO b

a+b
m is the mass of the cow  682kg
g isthe gravitational force  9.81

Force =

B is the angle of the lever 66°
a is the length of lever above
the centre of mass 0.79m
b is the length of lever below
the centre of mass 0.79m
682 x 9.81 x cos66° x 0.79
0.79 + 0.79
=1,360n

1,360 newtons of force requires 2.07
people to exert it, if you assume that
each person weighs 67kg and can
push his or her own bodyweight

IS IT POSSIBLE FOR A HUMAN
TO PUSH OVER A COW?

Cow tipping

From Wikipedia, the free encyclopedia

For the Beavis and Butt-Head episode, see Cow Tipping (Beavis and Butt-Head episode).

Cow tipping is the purported activity of sneaking up on any unsuspecting or sleeping upright cow and pushing it over for
entertainment. The practice of cow tipping is generally considered an urban legend, (! and stories of such feats viewed as tall
tales.®l The implication that rural citizens seek such entertainment due to lack of alternatives is viewed as a stereotype.Sll4]
The concept of cow tipping apparently developed in the 1970s, though tales of animals that cannot rise if they fall has historical
antecedents dating to the Roman Empire.

Cows routinely lie down and can easily regain their footing unless sick or injured. Scientific studies have been conducted to
determine if cow tipping is theoretically possible, with varying conclusions. All agree that cows are large animals that are
difficult to surprise and will generally resist attempts to be tipped. Estimates suggest a force of between 3,000 and 4,000
newtons (670 and 900 pounds-farce) is needed, and that at least four and possibly as many as fourteen people would be
required to achieve this. In real-life situations where cattle have to be laid on the ground, or "cast", such as for branding, hoof
care or veterinary treatment, either rope restraints are required or specialized mechanical equipment is used that confines the

®a

Cows rautinely lie down to sleep. 5

cow and then tips it over. On rare occasions, cattle can lie down or fall down in proximity to a ditch or hill that restricts their normal ability to rise without help. Cow tipping has many

references in popular culture and is also used as a figure of speech.






/4//% C@ﬂx\é\ Lnel

-COS(X) — Sln(X) Pythagoras
2 2 2
\V\ wl- (vow) = lv x wl™ Lagrange
2
det | ‘\77‘\]7V X,‘Q’V = VAW | Cauchy-Binet

det(1 +FTF) = ZPdet(FP) . Knill



HAPPY TORQUE

Force required to tip a cow

Hypoteneuse or
lever

| ~
Direction of
force

Centre of
mass

mgcosO b

a+b
m is the mass of the cow  682kg
g isthe gravitational force  9.81

Force =

B is the angle of the lever 66°
a is the length of lever above
the centre of mass 0.79m
b is the length of lever below
the centre of mass 0.79m
682 x 9.81 x cos66° x 0.79
0.79 + 0.79
=1,360n

1,360 newtons of force requires 2.07
people to exert it, if you assume that
each person weighs 67kg and can
push his or her own bodyweight

IS IT POSSIBLE FOR A HUMAN
TO PUSH OVER A COW?

Cow tipping

From Wikipedia, the free encyclopedia

For the Beavis and Butt-Head episode, see Cow Tipping (Beavis and Butt-Head episode).

Cow tipping is the purported activity of sneaking up on any unsuspecting or sleeping upright cow and pushing it over for
entertainment. The practice of cow tipping is generally considered an urban legend, (! and stories of such feats viewed as tall
tales.®l The implication that rural citizens seek such entertainment due to lack of alternatives is viewed as a stereotype.Sll4]
The concept of cow tipping apparently developed in the 1970s, though tales of animals that cannot rise if they fall has historical
antecedents dating to the Roman Empire.

Cows routinely lie down and can easily regain their footing unless sick or injured. Scientific studies have been conducted to
determine if cow tipping is theoretically possible, with varying conclusions. All agree that cows are large animals that are
difficult to surprise and will generally resist attempts to be tipped. Estimates suggest a force of between 3,000 and 4,000
newtons (670 and 900 pounds-farce) is needed, and that at least four and possibly as many as fourteen people would be
required to achieve this. In real-life situations where cattle have to be laid on the ground, or "cast", such as for branding, hoof
care or veterinary treatment, either rope restraints are required or specialized mechanical equipment is used that confines the

®a

Cows rautinely lie down to sleep. 5

cow and then tips it over. On rare occasions, cattle can lie down or fall down in proximity to a ditch or hill that restricts their normal ability to rise without help. Cow tipping has many

references in popular culture and is also used as a figure of speech.















Homework due Wednesday







