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NOTICE

The invention disclosed in this document resulted fiow
F -

research in aéeronautical and space activities perforiied uniex

programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, availalie

fer iicensing in accordarnce with the NASA Patent Licensing

Reguiation (14 Code of Federal Regulations 1245.2).

To encourage commercial utilization of NASA-owned inven-

. L

éé' tions, it is NASA policy %o grant licenses to commercial
X
i; concerns. Although NASA encourages nonexclusive licensing
;? to promote competition and achieve the widecst possible uxili-
;é ) zation, NASA will consider the granting'of a ‘limited exclusive
licaense, pursuant +o the NASA Patent Licensing Regulations,
: wnen such a license will previde thée necessary incentive o

the licensce to agaleve early pracitical applicatiocn of the
invention.

cations for license iorx

-

Address inquiries and all appl

this invention to WASA Patent Counsel, George C. Marshail

. Scace Flight Center, Mail Code AGTS-PAT, HuntsViil., A1LaDERE,
35812. 2pproved NASA forms Zor gapplication for doacksidcive

or c¢xclusive license are avcilaple from
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NASA CALE NO. MP§-22758
Marshall Space PFlight Center

TECUNTCAL ABSTRACT

ANTI-GRAVITY DEVICE

The present invention is aun educational toy useful in demonstrating
and teaching fundamental concepts regarding the laws of gravity. :
Referring to Fig. 1, the device comprises a sphere 10 of radius r ‘;
resting on top of sphere 12 of radius R. The center of gravity Cg of sphere !
10 is displaced from its geometrical center Ct by distance D. The dimensions
are so0 related thatl)<§§1> is greuter than r. With the center of gravity Cg f
"
of sphere 10 lying on vertical line 16, as shown, the device is in cquilibriumi
Also,sphere 10 can rest on top of sphere 12 with line Cgct joining the
centers of the two spheres inclined to the vertical, as in Figure 3. When
sphere 10 is rolled without slippage on the surface of sphere 12, as shown in
Figs. 2 and &4, it will return to its; oyuilibrium position upon relecase so

long as it 1s not rolled past a critical point. This creates an illusion that

the sphere 10 is defying the laws of gravity when it rolls back up the surface-
of sphere 12 or when it rests in equilibrium positions of Figs. 1 and 3. In

reality, due to the above noted relationship of D, R and r, the center of

gravity of sphere 10 rises from its equilibrium position as sphere 10 rolls
a short distance up or dewn the surfuce of sphere 12.

The anti-gravity device provides an eye-catching and curiosity

arousin ; means for demonstrating that natural gravitational laws cannot be
vielsteoe. ..ad that what appears to be u lefiance of the law is in reality
compliance with the law. The working o/ the device can be filmed and shown

a4¢ an eye-catching experiment involving laws of gravity.

INVENTOR: Sudarshan Pal Singh
EMUPLOYIER: Nat Lonal Academy of Scicnces

INITIAL LVALUATOR: Goorge Prince, S&IE-COMIP-SSIT
PATENT APPLICATICN LERIAL NO.  -581, 514

FILING DATE May:28, 1975. : i
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FOr: DEVICE WHICH APPEARS TO DEFY GRAVITY

Page 7, netween lines 10 and 11, insert the following

account that X = (R+r)/r and the relationship shown in

riine of force), acting on the upper sphere through its centroid
',
i
. . . . ,
LCg, ig directed along a line pmassing through the reactieon point
i

“at which the two spheres contact each other. For the reasons

th

|—J

_ndicated below, sphere 10 has two states of stab

3

ard two states of unzteble eguilibrium.

--Eguation (S) above can be rewritten as follows taking into

e eguilibrium,
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NASA Case No. MFS-22758-2

APPLICATION FOR LETTERS PATENTS

TO ALL WHOM IT MAY CONCERN:
BE IT KNOWN THAT Sudarshaa Pal Singh, a resident of Huntsville,

Madison County, Alabama, has invented certain new and uséful improvements

in ANTI-GRAVITY DEVICE of which the following is a specification.

[
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NASA CASE NO, MFS-22758

ANTI-GRAVITY DEVICE

Abstract of the Disclosure

The device consists of two spheres, one sphere having the capability
of resting on top of the other sphere without falling off, even when either
of the spheres is jigéled.,The spheres are not fastened together in any way.
The center of gravity of the top sphere is displaced from its geometrical
center by a certain diéténce. The top sphere can rest on the bottom sphere
with its center of gravity on the vertical line segment joining the
geometrical centers of the spheres. Also, the top sphere can rest on the
béttom sphere such that the line joining the centers of.fhe two spheres
is inclined tothe veftical. In.both ppsitions, the top éphere caﬁ be
rolled up and down on the surface of the bottom sphere.to a p;edetermined
maximum angle and, when released, will returh to its original position atop

the bottom sphere.

Origin of the Invention

The invention describéd herein was made in the performance of
work under NASA contract and is subject to the provisions of Section 305
of the Naticnal Aeronautics and Space Act of 1958, Public ng 85-568
(72 Stat. 435; 42 U.S.C. 2457).

Background of the Invention

The present invention felates generally to the field of physical
phenomena demonstration,and more particularly to demonstrating the efrfects
of gravity.

Most prior art devices for demonstrating that physical objects
obey the laws pf gravity only show controlled instances of everyday
occurrences, such as dropping an object or rolling a ball down an inclined
vlane. These effects fail to arouse much interest in the observers, who
may be studeﬁts. Consequently, these devices are often not effective as

teaching devices and they tend to lose the attention of observers.

e e e et p———————
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Sumnary of the Invention

The general.purpose of this invention is to provide a device for
demonstrating that physic%l objects obey the laws of gravity. The device
has the advéntages of being simple and inexpensive to construct as well
as haviqg the capability to arouse and stimulate interest in an observe;.
Often one becomes aware of the existence of a law when an exception to the
law %s encountered., The present invention provides a device whose operation
seems to provide an exception to the: law by apparently defying the laws
of gravity. An understanding of the working of the device goes toward
convincing the observer that natural physical,laws cannot be broken;

The device consists of two sphereé, one sphere having the capability
of resting on top or near the top of the other sphere without falling off,
even when jiggled. The spheres are not attached in any way. The center

of gravity of the top sphere is displaced from its geometrical center by

‘a certain distance. The top sphere is placed atop the bottom sphere with

its center of gravity lying on the wertical line segment which joins the
geometrical centers of the two spheres. Also the top sphere can rest close
to the top of the bottom sphere with the line joining thg centers of the two
spheres inclined to the vertical. A predetermined relationship exists
between the radii of the two spheres. When the top sphere is rolled on the
surface of the bottom sphere, and displaced from its position atop the
bottom sphere, it will, when released, return to its position atop the
bottom sphere provided it has not been displaced more than a predetermined
amount.

This effect, wherein the top sphere‘rolls upward on the surface of the

bottom sphere or wherein the top sphere rests on the bottom sphere, even at

-

an angle to the vertical, creates the illusion that the top sphere is moving

against or defying the pull of gravity. This effect arcuses interest and

BT . 4 o vt e it o
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.sphere is displaced from its equilibrium position of Fig. 1.

curiosity in those who observe it, allowing the device to be uged as an
effective educational toy. The working of the device can be filmed and
chown as an eye~catching experiment involving the laws of gravity.

Therefore, it is an objéct of the present invention to provide
a device for demonstrating the laws of gravity in an interesting and eye-
catching manner.

It is another object of the present invention to provide an
effective educational toy for giving an insight into workings of the laws
of gravity.

It is a further object of the present invention to provide an

educational toy which creates an illusionary anti-gravity effect. A

Brief Description of the Drawings
Other objects, advantages, and novel features of the present
invention will become apparent from the following detailed description
of the invention when considered in conjunction with the accompanying
drawings, in which like reference numerals designate like parts throughout
the figures, and wherein: .

Fig. 1 shows the device in one of its equilibrium conditions.

Fig. 2 illustrates the operation of the device when the top

Fig. 3 shows the device in an eéuilibrium condition with the
axis connecting the geometricgi centers of the spheres inclined tc the ver;ica[
axis.

Fig. 4 illustrates the operation of the.device when the tOp‘
sphere is rolled from an initial position of the top sphere with its

center of gravity lying off the vertical axis coanecting the geometrical

centers.,
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rolled, with no slippage betWeen the spheres, to a point P*. In order
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Description of the Praferred Embodiments

Referring to Fig, 1, the device of the invention is shown in
one of its egquilibrium positions. A top sphere 10 rests atop 2 bottom
sphere 12, with sphere 12 resting on any suitable surface 14, Sphere 10

has .2 radius v and has its center of gravity C_ digplaced from its
& ¥ P

g
geometrical center -Cp by a distance D, Sphere 12 has a radius R and a
geometrical center Cb' Sphere 10 restslatop sphere 12 such that Cg lies
along a vertical line or axis 16 conmecting C. with Cy. This line also
passes through points P, on the surface of sphere 12, and Q, on the

surface of sphere 10, the points P and Q being in contact with each other.
For purposes of explanation, a horizontal line GGy is shown passing throug%
Cp- A variable distance X, defines the vertical distance from line CpGy, to
point.Cg.

AN

Referring now to Fig. 2, the sphere 10 is shown as having been

for the device to operate, the center of gravity Cg of sphere 10 must
progressively have moved up from its stable position shown in Fig. 1 (i.e;,
X, must be greater). That is, although the sphere 10 has rolled part way
down the surface of sphere 12, and Ct is lower, the center of gr;vity Cg
has moved up. When this condition exists, the sphere 10 will, when released,
roll back up the bottoﬁ sphere to return to its equilibrium position of .
lower center of gravity. Of course, there is a limit to the distarnce, or angle
through which sphere 10 can be rolled and still return atop sphere 12.

This angle, as well as the stability of the device, is determined by the

relationship.of various dimensions in a manner which will now be described.

L U p——
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‘As can be seen in the figures, ¥, = Rtr - D. (1)
The sphere 10 is rolled on the surface of sphere 12 without

slipping so that line C Ct makes an angle O with vertical line 16.

b ‘
Let ¢ describe the angle between lines Cth and Cth. Since the %
rolling motion occurs without slippage, arc PP' = arc QP'. (2) 3
Therefore, Rf = r‘¢ . ' (3)
The height of Cg above CbCh ig given by

X, = (Rtr) Cos g+ D Cos {n - ( 8+ 0)} (4)
or, Xg = (Rir) Cos 8- D Cos ( 8 +9¢). (5)
From equation (3), ¢ =R 6.
Substituting in (5) ,r ‘

X, = (R*tr) Cos 8 - D Cos <_Rj_-r_ e> . : (6)
Letting K =R ; "

r.
X, = Kr Cos 6~ D Cos K ¢ . 4 (7)

To determine the minima of X % for various values of ¢ ,

we diffentiate Xﬁ‘ with respect to 6 and equate to zero. Thus,

dX, =Kr (-Sin ) +DK (gin kK6 ) =0 (8)
e
or, DSinK 6 = rgin 6 . : (9)

Since equation (9) is satisfied for 8 = 0, it is an
equilibrium position. In general, the equilibrium position is at
a 9 which satisfies equation (9).

Differentiating equation (8),

“

d X, 2
= ~Kr Cos 9+ DK Cos K 0O . (10)
2 .
a8
at © =0,
2

= «Kr + D K

T _
d® = K(DKR~r). (11)




§

0 is 2 stable equilibrium position, which

i

If DK > r, then 8
indicates that provided DK is larger than r, the top sphere will

rest on the bottom sphere in a state of stablg equilibrium and, if
disturbed slightly, will return to its original position.

5 The range of displacement over which the sphere is

stable is determined by solving the aboveeguations to find the maximum

values of Xy for the particular spheres involved. As an example,

let: r = 1 unit
R = 2 units
10 D = 0.5 units

il

Since- K = Rir, K
T
X, =2.598 at ©

{

3. Minima of X, = 2.5 at 6 =0. Maximum of

1]

+ 30°

Since the solution of theseequations is somewhat inv&lved,
the details are not inclu&ed herein, |
- 15 Thus, an anti-gravity device according to the present
invention buillt with the above specifications will result in the
top sphere returning to © = O position atop the bottom sphere when
it is displaced less than +30°.

The device of the present invention can be modified by
20 placing the top sphere on the bottom sphere with thg ;enter of
gravity of the top sphere not on line 16, Referring to Fig. &,
sphere 10 is placed initially on sphere 12 with the line C_C making

&t
an angle 9' with line Cth (position A). Sphere 10 is displaced through

an angle © to position B. The equation governing X, is:

25 X,=Kr Cos 8 - D Cos (K& + ¢"). , (12)

L

Treating this equation in the manner shown above, and

with:

e e e en - mem———— e b e
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r = 1
R =2
R =3
D = 0.5
¢'= 10°,
’ XX min = 2.485 (approx.) at &= - 10° (approx.)

- 29° (approx.)

XX max = 2.511 (approx.) at &

and = 2,685 (approx.) at € = +30° (approx.)
Thus the eqdilibrium position for the top sphere with initial
position and roll as in Fig. 4 is similar to the one shown in Fig. 3.

: Obviously, many modifications and variations of the present
invention are possible in light of the above teachings. For example,
element 12 could be a hemisphere invtéad of a complete sphere, or both
the top sphere and the bottom sphere could be comstructed with their

centers of gravity away from their respective geometrical centers so

that either sphere could rest atop the other. The device could also

consist of more than two spheres stacked ome above the other. Also

variations of values of r, R aad D lead to different stability con-
figurations. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced other-
wise then 'as specifically described.
atent
Tnis is the end of the p

Q
specificauon. There _aro o
claims attachode, e
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