The

Quantum Mechanics

of Black Holes

Black holes are often defined as areas from which nothing,

not even light, can escape. There is good reason to believe,

however, that particles can get out of them by “‘tunneling”

he first 30 years of this century

saw the emergence of three theo-

ries that radically altered man’s
view of physics and of reality itself.
Physicists are still trying to explore their
implications and to fit them together.
The three theories were the special theo-
ry of relativity (1905), the general the-
ory of relativity (1915) and the theory
of quantum mechanics (c. 1926). Albert
Einstein was largely responsible for the
first, was entirely responsible for the sec-
ond and played a major role in the de-
velopment of the third. Yet Einstein
never accepted quantum mechanics be-
cause of its element of chance and un-
certainty. His feelings were summed up
in his often-quoted statement “God does
not play dice.” Most physicists, how-
ever, readily accepted both special rela-
tivity and quantum mechanics because
they described effects that could be di-
rectly observed. General relativity, on
the other hand, was largely ignored be-
cause it seemed too complicated mathe-
matically, was not testable in the labora-
tory and was a purely classical theory
that did not seem compatible with quan-
tum mechanics. Thus general relativity
remained in the doldrums for nearly 50
years.

The great extension of astronomical
observations that began early in the
1960’s brought about a revival of inter-
est in the classical theory of general rela-
tivity because it seemed that many of
the new phenomena that were being dis-
covered, such as quasars, pulsars and
compact X-ray sources, indicated the
existence of very strong gravitational
fields, fields that could be described only
by general relativity. Quasars are star-
like objects that must be many times
brighter than entire galaxies if they are
as distant as the reddening of their spec-
tra indicates; pulsars are the rapidly
blinking remnants of supernova explo-
sions, believed to be ultradense neutron
stars; compact X-ray sources, revealed
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by instruments aboard space vehicles,
may also be neutron stars or may be
hypothetical objects of still higher den-
sity, namely black holes.

One of the problems facing physicists
who sought to apply general relativity to
these newly discovered or hypothetical
objects was to make it compatible with
quantum mechanics. Within the past
few years there have been developments
that give rise to the hope that before too
long we shall have a fully consistent
quantum theory of gravity, one that will
agree with general relativity for macro-
scopic objects and will, one hopes, be
free of the mathematical infinities that
have long bedeviled other quantum field
theories. These developments have to
do with certain recently discovered
quantum effects associated with black
holes, which provide a remarkable con-
nection between black holes and the
laws of thermodynamics.

Et me describe briefly how a black
hole might be created. Imagine a
star with a mass 10 times that of the sun.
During most of its lifetime of about a
billion years the star will generate heat
at its center by converting hydrogen into
helium. The energy released will create
sufficient pressure to support the star
against its own gravity, giving rise to an
object with a radius about five times the
radius of the sun. The escape velocity
from the surface of such a star would be
about 1,000 kilometers per second. That
is to say, an object fired vertically up-
ward from the surface of the star with a
velocity of less than 1,000 kilometers
per second would be dragged back by
the gravitational field of the star and
would return to the surface, whereas an
object with a velocity greater than that
would escape to infinity.

When the star had exhausted its nucle-
ar fuel, there would be nothing to main-
tain the outward pressure, and the star
would begin to collapse because of its
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own gravity. As the star shrank, the
gravitational field at the surface would
become stronger and the escape velocity
would increase. By the time the radius
had got down to 30 kilometers the es-
cape velocity would have increased to
300,000 kilometers per second, the ve-
locity of light. After that time any light
emitted from the star would not be able
to escape to infinity but would be
dragged back by the gravitational field.
According to the special theory of rela-
tivity nothing can travel faster than
light, so that if light cannot escape, noth-
ing else can either.

The result would be a black hole: a
region of space-time from which it is not
possible to escape to infinity. The
boundary of the black hole is called the
event horizon. It corresponds to a wave
front of light from the star that just fails
to escape to infinity but remains hover-
ing at the Schwarzschild radius: 2GM/
¢2, where G is Newton’s constant of
gravity, M is the mass of the star and c is
the velocity of light. For a star of about
10 solar masses the Schwarzschild radi-
us is about 30 kilometers.

There is now fairly good observation-
al evidence to suggest that black holes of
about this size exist in double-star sys-
tems such as the X-ray source known as
Cygnus X-1 [see “The Search for Black
Holes,” by Kip S. Thorne; SCIENTIFIC
AMERICAN, December, 1974]. There
might also be quite a number of very
much smaller black holes scattered
around the universe, formed not by the
collapse of stars but by the collapse of
highly compressed regions in the hot,
dense medium that is believed to have
existed shortly after the “big bang” in
which the universe originated. Such
“primordial” black holes are of greatest
interest for the quantum effects I shall
describe here. A black hole weighing a
billion tons (about the mass of a moun-
tain) would have a radius of about 10-13
centimeter (the size of a neutron or a



proton). It could be in orbit either
around the sun or around the center of
the galaxy.

The first hint that there might be a
connection between black holes and
thermodynamics came with the mathe-
matical discovery in 1970 that the sur-
face area of the event horizon, the
boundary of a black hole, has the prop-
erty that it always increases when addi-

tional matter or radiation falls into the
black hole. Moreover, if two black holes
collide and merge to form a single black
hole, the area of the event horizon
around the resulting black hole is great-
er than the sum of the areas of the event
horizons around the original black
holes. These properties suggest that
there is a resemblance between the area
of the event horizon of a black hole and

the concept of entropy in thermody-
namics. Entropy can be regarded as a
measure of the disorder of a system or,
equivalently, as a lack of knowledge of
its precise state. The famous second law
of thermodynamics says that entropy al-
ways increases with time.

The analogy between the properties
of black holes and the laws of thermody-
namics has been extended by James M.
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COLLAPSE OF STAR of 10 solar masses is depicted schematically
from an original radius of three million kilometers (about five times
the radius of the sun) to 30 kilometers, when it disappears within the
“event horizon” that defines the outer limits of a black hole. The star
continues to collapse to what is called a space-time singularity, about
which the laws of physics are silent. The series of six small circles
represents the wave fronts of light emitted from the successive sur-

faces an instant before the star had collapsed to the dimensions shown.
Radii of the star and of the wave fronts are on a logarithmic scale. At
each stage of collapse more of the wave front falls within the volume
of the star as the escape velocity increases from 1,000 kilometers per
second to 300,000 kilometers per second, the velocity of light. The
final velocity is reached as the star disappears within the event ho-
rizon. No light emitted after that can ever reach outside observers.
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GRAVITATIONAL COLLAPSE OF A STAR is depicted in a space-time diagram in which
two of the three dimensions of space have been suppressed. The vertical dimension is time.
When the radius of the star reaches a critical value, the Schwarzschild radius, the light emitted
by the star can no longer escape but remains hovering at that radius, forming the event hori-
zon, the boundary of the black hole. Inside black hole star continues collapse to a singularity.
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Bardeen of the University of Washing-
ton, Brandon Carter, who is now at the
Meudon Observatory, and me. The first
law of thermodynamics says that a
small change in the entropy of a sys-
tem is accompanied by a proportional
change in the energy of the system. The
fact of proportionality is called the tem-
perature of the system. Bardeen, Carter
and I found a similar law relating the
change in mass of a black hole to a
change in the area of the event horizon.
Here the factor of proportionality in-
volves a quantity called the surface
gravity, which is a measure of the
strength of the gravitational field at the
event horizon. If one accepts that the
area of the event horizon is analogous to
entropy, then it would seem that the sur-
face gravity is analogous to tempera-
ture. The resemblance is strengthened
by the fact that the surface gravity turns
out to be the same at all points on the
event horizon, just as the temperature is
the same everywhere in a body at ther-
mal equilibrium.

ﬁlhough there is clearly a similarity
between entropy and the area of the
event horizon, it was not obvious to us
how the area could be identified as the
entropy of a black hole. What would be
meant by the entropy of a black hole?
The crucial suggestion was made in
1972 by Jacob D. Bekenstein, who was
then a graduate student at Princeton
University and is now at the University
of the Negev in Israel. It goes like this.
When a black hole is created by gravita-
tional collapse, it rapidly settles down to
a stationary state that is characterized
by only three parameters: the mass, the
angular momentum and the electric
charge. Apart from these three proper-
ties the black hole preserves no other
details of the object that collapsed. This
conclusion, known as the theorem “A
black hole has no hair,” was proved by
the combined work of Carter, Werner
Israel of the University of Alberta, Da-
vid C. Robinson of King’s College, Lon-
don, and me.

The no-hair theorem implies that a
large amount of information is lost in a
gravitational collapse. For example, the
final black-hole state is independent of
whether the body that collapsed was
composed of matter or antimatter and
whether it was spherical or highly irreg-
ular in shape. In other words, a black
hole of a given mass, angular momen-
tum and electric charge could have been
formed by the collapse of any one of a
large number of different configurations
of matter. Indeed, if quantum effects are
neglected, the number of configurations
would be infinite, since the black hole
could have been formed by the collapse
of a cloud of an indefinitely large num-
ber of particles of indefinitely low mass.

The uncertainty principle of quantum



mechanics implies, however, that a par-
ticle of mass m behaves like a wave of
wavelength A/mec, where h is Planck’s
constant (the small number 6.62 X 10-27
erg-second) and c is the velocity of light.
In order for a cloud of particles to be
able to collapse to form a black hole it
would seem necessary for this wave-
length to be smaller than the size of the
black hole that would be formed. It
therefore appears that the number of
configurations that could form a black
hole of a given mass, angular momen-
tum and electric charge, although very
large, may be finite. Bekenstein suggest-
ed that one could interpret the loga-
rithm of this number as the entropy of a
black hole. The logarithm of the num-
ber would be a measure of the amount
of information that was irretrievably
lost during the collapse through the
event horizon when a biack hole was
created.

The apparently fatal flaw in Beken-
stein’s suggestion was that if a black
hole has a finite entropy that is propor-
tional to the area of its event horizon, it
also ought to have a finite temperature,
which would be proportional to its sur-
face gravity. This would imply that a
black hole could be in equilibrium with
thermal radiation at some temperature
other than zero. Yet according to classi-
cal concepts no such equilibrium is pos-
sible, since the black hole would absorb
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any thermal radiation that fell on it but
by definition would not be able to emit
anything in return.

his paradox remained until early in

1974, when I was investigating what
the behavior of matter in the vicinity of
a black hole would be according to
quantum mechanics. To my great sur-
prise I found that the black hole seemed
to emit particles at a steady rate. Like
everyone else at that time, I accepted the
dictum that a black hole could not emit
anything. I therefore put quite a lot of
effort into trying to get rid of this embar-
rassing effect. It refused to go away, so
that in the end I had to accept it. What
finally convinced me it was a real physi-
cal process was that the outgoing parti-
cles have a spectrum that is precisely
thermal: the black hole creates and
emits particles and radiation just as if it
were an ordinary hot body with a tem-
perature that is proportional to the sur-
face gravity and inversely proportional
to the mass. This made Bekenstein’s sug-
gestion that a black hole had a finite en-
tropy fully consistent, since it implied
that a black hole could be in thermal
equilibrium at some finite temperature
other than zero.

Since that time the mathematical evi-
dence that black holes can emit thermal-
ly has been confirmed by a number of
other people with various different ap-
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proaches. One way to understand the
emission is as follows. Quantum me-
chanics implies that the whole of space
is filled with pairs of “virtual” particles
and antiparticles that are constantly ma-
terializing in pairs, separating and then
coming together again and annihilating
each other. These particles are called
virtual because, unlike “real” particles,
they cannot be observed directly with a
particle detector. Their indirect effects
can nonetheless be measured, and their
existence has been confirmed by a small
shift (the “Lamb shift”) they produce in
the spectrum of light from excited hy-
drogen atoms. Now, in the presence of a
black hole one member of a pair of vir-
tual particles may fall into the hole,
leaving the other member without a
partner with which to annihilate. The
forsaken particle or antiparticle may
fall into the black hole after its partner,
but it may also escape to infinity, where
it appears to be radiation emitted by the
black hole.

Another way of looking at the process
is to regard the member of the pair of
particles that falls into the black hole—
the antiparticle, say—as being really a
particle that is traveling backward in
time. Thus the antiparticle falling into
the black hole can be regarded as a par-
ticle coming out of the black hole but
traveling backward in time. When the
particle reaches the point at which the
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CERTAIN PROPERTIES OF BLACK HOLES suggest that there
is a resemblance between the area of the event horizon of a black
hole and the concept of entropy in thermodynamics. As matter and
radiation continue to fall into a black hole (space-time configuration
at left) the area of the cross section of the event horizon steadily in-

creases, If two black holes collide and merge (configuration at right),
the area of the cross section of the event horizon of the resulting black
hole is greater than the sum of the areas of the event horizons of the
initial black holes. The second law of thermodynamics says that the
entropy of an isolated system always increases with passage of time.
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“EMPTY?” SPACE-TIME is full of “virtual” pairs of particles (black) and antiparticles (color).
Members of a pair come into existence simultaneously at a point in space-time, move apart and
come together again, annihilating each other. They are called virtual because unlike “real” par-
ticles they cannot be detected directly. Their indirect effects can nonetheless be measured.

BLACK HOLE —

ANTIPARTICLE
ESCAPING -._
TO INFINITY

PARTICLE
FALLING INTO
BLACK HOLE

TIME

SPACE
IN THE NEIGHBORHOOD OF A BLACK HOLE one member of a particle-antiparticle
pair may fall into the black hole, leaving the other member of the pair without a partner with

which to annihilate. If surviving member of pair does not follow its partner into black hole, it
may escape to infinity. Thus black hole will appear to be emitting particles and antiparticles.
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particle-antiparticle pair originally ma-
terialized, it is scattered by the gravi-
tational field so that it travels forward
in time.

Quantum mechanics has therefore al-
lowed a particle to escape from inside a
black hole, something that is not al-
lowed in classical mechanics. There are,
however, many other situations in atom-
ic and nuclear physics where there is
some kind of barrier that particles
should not be able to penetrate on classi-
cal principles but that they are able to
tunnel through on quantum-mechanical
principles.

he thickness of the barrier around a

black hole is proportional to the size
of the black hole. This means that very
few particles can escape from a black
hole as large as the one hypothesized to
exist in Cygnus X-1 but that particles
can leak very rapidly out of smaller
black holes. Detailed calculations show
that the emitted particles have a thermal
spectrum corresponding to a tempera-
ture that increases rapidly as the mass of
the black hole decreases. For a black
hole with the mass of the sun the tem-
perature is only about a ten-millionth of
a degree above absolute zero. The ther-
mal radiation leaving a black hole with
that temperature would be completely
swamped by the general background of
radiation in the universe. On the other
hand, a black hole with a mass of only a
billion tons, that is, a primordial black
hole roughly the size of a proton, would
have a temperature of some 120 billion
degrees Kelvin, which corresponds to an
energy of some 10 million electron
volts. At such a temperature a black
hole would be able to create electron-
positron pairs and particles of zero
mass, such as photons, neutrinos and
gravitons (the presumed -carriers of
gravitational energy). A primordial
black hole would release energy at the
rate of 6,000 megawatts, equivalent to
the output of six large nuclear power
plants.

As a black hole emits particles its
mass and size steadily decrease. This
makes it easier for more particles to tun-
nel out, and so the emission will contin-
ue at an ever increasing rate until even-
tually the black hole radiates itself out
of existence. In the long run every black
hole in the universe will evaporate in
this way. For large black holes, how-
ever, the time it will take is very long
indeed: a black hole with the mass of
the sun will last for about 1066 years. On
the other hand, a primordial black hole
should have almost completely evapo-
rated in the 10 billion years that have
elapsed since the big bang, the beginning
of the universe as we know it. Such
black holes should now be emitting hard
gamma rays with an energy of about
100 million electron volts.



Calculations made by Don N. Page of
the California Institute of Technology
and me, based on measurements of the
cosmic background of gamma radiation
made by the satellite SAS-2, show that
the average density of primordial black
holes in the universe must be less than
about 200 per cubic light-year. The lo-
cal density in our galaxy could be a mil-
lion times higher than this figure if pri-
mordial black holes were concentrated
in the “halo” of galaxies—the thin cloud
of rapidly moving stars in which each
galaxy is embedded—rather than being
uniformly distributed throughout the
universe. This would imply that the pri-
mordial black hole closest to the earth is
probably at least as far away as the plan-
et Pluto.

The final stage of the evaporation of a
black hole would proceed so rapidly
that it would end in a tremendous explo-
sion. How powerful this explosion
would be depends on how many differ-
ent species of elementary particles there
are. If, as is now widely believed, all
particles are made up of perhaps six dif-
ferent kinds of quarks, the final explo-
sion would have an energy equivalent to
about 10 million one-megaton hydrogen
bombs. On the other hand, an alterna-
tive theory of elementary particles put
forward by R. Hagedorn of the Europe-
an Organization for Nuclear Research
argues that there is an infinite number of
elementary particles of higher and high-
er mass. As a black hole got smaller and
hotter, it would emit a larger and larger
number of different species of particles
and would produce an explosion per-
haps 100,000 times more powerful than
the one calculated on the quark hypoth-
esis. Hence the observation of a black-
hole explosion would provide very im-
portant information on elementary par-
ticle physics, information that might not
be available any other way.

A black-hole explosion would pro-
duce a massive outpouring of high-ener-
gy gamma rays. Although they might be
observed by gamma-ray detectors on
satellites or balloons, it would be diffi-
cult to fly a detector large enough to
have a reasonable chance of intercept-
ing a significant number of gamma-ray
photons from one explosion. One possi-
bility would be to employ a space shut-
tle to build a large gamma-ray detector
in orbit. An easier and much cheaper
alternative would be to let the earth’s
upper atmosphere serve as a detector. A
high-energy gamma ray plunging into
the atmosphere will create a shower of
electron-positron pairs, which initially
will be traveling through the atmo-
sphere faster than light can. (Light is
slowed down by interactions with the air
molecules.) Thus the electrons and posi-
trons will set up a kind of sonic boom, or
shock wave, in the electromagnetic field.
Such a shock wave, called Cerenkov ra-
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ALTERNATIVE INTERPRETATIONS can explain the emission of particles by a black
hole. One explanation (leff) invokes the formation of a virtual particle-antiparticle pair, one
member of which is trapped by the black hole as the other escapes. In another explanation
(right) one can regard an antiparticle falling into a black hole as being a normal particle that
is traveling backward in time out of the black hole. Once outside it is scattered by the gravita-
tional field and converted into a particle traveling forward in time, which escapes to infinity.

diation, could be detected from the
ground as a flash of visible light.

A preliminary experiment by Neil A.
Porter and Trevor C. Weekes of Univer-
sity College, Dublin, indicates that if
black holes explode the way Hagedorn’s
theory predicts, there are fewer than two
black-hole explosions per cubic light-
year per century in our region of the
galaxy. This would imply that the densi-
ty of primordial black holes is less than
100 million per cubic light-year. It
should be possible to greatly increase
the sensitivity of such observations.
Even if they do not yield any positive
evidence of primordial black holes, they
will be very valuable. By placing a low
upper limit on the density of such black
holes, the observations will indicate that
the early universe must have been very
smooth and nonturbulent.

he big bang resembles a black-hole

explosion but on a vastly larger
scale. One therefore hopes that an un-
derstanding of how black holes create
particles will lead to a similar under-
standing of how the big bang created
everything in the universe. In a black
hole matter collapses and is lost forever
but new matter is created in its place. It
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may therefore be that there was an earli-
er phase of the universe in which matter
collapsed, to be re-created in the big
bang.

If the matter that collapses to form a
black hole has a net electric charge, the
resulting black hole will carry the same
charge. This means that the black hole
will tend to attract those members of the
virtual particle-antiparticle pairs that
have the opposite charge and repel those
that have a like charge. The black hole
will therefore preferentially emit parti-
cles with charge of the same sign as itself
and so will rapidly lose its charge. Simi-
larly, if the collapsing matter has a net
angular momentum, the resulting black
hole will be rotating and will preferen-
tially emit particles that carry away its
angular momentum. The reason a black
hole “remembers” the electric charge,
angular momentum and mass of the
matter that collapsed and “forgets” ev-
erything else is that these three quanti-
ties are coupled to long-range fields: in
the case of charge the electromagnetic
field and in the case of angular momen-
tum and mass the gravitational field.

Experiments by Robert H. Dicke of
Princeton University and Vladimir Bra-
ginsky of Moscow State University have
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ENERGY IN MILLION ELECTRON VOLTS (MeV)

PRIMORDIAL BLACK HOLES, each about the size of an elementary particle and weighing
about a billion tons, may have been formed in large numbers shortly after the big bang, the
beginning of the universe as we know it. Such black holes would have a temperature of about
70 billion degrees Kelvin, corresponding to an energy of 10 million electron volts (MeV). The
particles emitted at that energy would produce a diffuse spectrum of gamma rays detectable
by satellites. The data points and the shaded region represent actual measurements of the dif-
fuse gamma-ray spectrum in nearby space. The measurements indicate that the average den-
sity of such black holes in the universe must be less than about a million per cubic light-year.
Solid curve is predicted spectrum from such a density of primordial black holes, based on
plausible assumptions about the density of matter in universe and distribution of black holes.
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indicated that there is no long-range
field associated with the quantum prop-
erty designated baryon number. (Bary-
ons are the class of particles including
the proton and the neutron.) Hence a
black hole formed out of the collapse of
a collection of baryons would forget its
baryon number and radiate equal quan-
tities of baryons and antibaryons.
Therefore when the black hole disap-
peared, it would violate one of the most
cherished laws of particle physics, the
law of baryon conservation.

Although Bekenstein’s hypothesis
that black holes have a finite entropy
requires for its consistency that black
holes should radiate thermally, at first
it seems a complete miracle that the
detailed quantum-mechanical calcula-
tions of particle creation should give rise
to emission with a thermal spectrum.
The explanation is that the emitted par-
ticles tunnel out of the black hole from a
region of which an external observer has
no knowledge other than its mass, angu-
lar momentum and electric charge. This
means that all combinations or configu-
rations of emitted particles that have the
same energy, angular momentum and
electric charge are equally probable. In-
deed, it is possible that the black hole
could emit a television set or the works
of Proust in 10 leather-bound volumes,
but the number of configurations of par-
ticles that correspond to these exotic
possibilities is vanishingly small. By far
the largest number of configurations
correspond to emission with a spectrum
that is nearly thermal.

he emission from black holes has an

added degree of uncertainty, or un-
predictability, over and above that nor-
mally associated with quantum me-
chanics. In classical mechanics one can
predict the results of measuring both the
position and the velocity of a particle.
In quantum mechanics the uncertainty
principle says that only one of these
measurements can be predicted; the ob-
server can predict the result of measur-
ing either the position or the velocity but
not both. Alternatively he can predict
the result of measuring one combination
of position and velocity. Thus the ob-
server’s ability to make definite predic-
tions is in effect cut in half. With black
holes the situation is even worse. Since
the particles emitted by a black hole
come from a region of which the observ-
er has very limited knowledge, he can-
not definitely predict the position or the
velocity of a particle or any combina-
tion of the two; all he can predict is the
probabilities that certain particles will
be emitted. It therefore seems that Ein-
stein was doubly wrong when he said,
“God does not play dice.” Considera-
tion of particle emission from black
holes would seem to suggest that God
not only plays dice but also sometimes
throws them where they cannot be seen.



It’s a big dining room connecting two wings
of the Kodak Research Laboratories.

For some of the troops who dine here,
the objective in coming to work each day is
ever-closer approximation by dyes to the
perceptions of color induced in the human
brain by the real world.

For others, the chemical and physical
problems that occupy the workday tend to
make them equate photographic progress
with photographic speed. Photography be-
gan with long minutes of exposure in bright
sunshine, and it’s now up to and beyond the
point where something too dark even to see
can be photographed without prolonged
exposure. *

___‘-__'hA

Other diners up there are a practical
bunch. Practicality means processability, as

What a jOb they see it. Certainly when we ease the

processor’s problems, we give you a better

co-ordinating the people ™"

The image structure people eat there too.

Who have luHCh They are in the business of compressing ex-

ternal reality with maximum detail into
o ° ' minimum space. One viewpoint holds that
On thls brldge e there photography stands invincible.

The quality that quickly distinguishes
antique snapshots and movies with their
very black shadows and washed-out faces
from today’s photography is called latitude.
The people who work on that seem to have
accomplished a lot, but film still has no-
where near the eye’s latitude.

When it’s time to amble back to work
from the bridge, work for a goodly number
concerns stability against fading of colors.
Improvements in that field over the years
are obvious. Still further improvement has
probably been achieved, but how can the
achievers prove their achievement before
they themselves have aged? There is no real
substitute for real time.

It is necessary to keep all those special
interests (and others too technical to men-
tion) from conflicting with each other too
badly.

Whether used for personal satisfaction or
for serious business, film is complicated stuff
on which to have to stake a good name.
There is more to it than, for instance, the
stuff you feed into a typewriter. And we
don’teven dare stop improving it.

Kodak

*“Prolonged” is a flexible word. For more specific
working details on our fastest currently marketed
color film, ask Dept. 55W, Kodak, Rochester, N.Y.
14650 for Kodak Publication E-37, “Kobak
EKTACHROME Professional Films (Process E-6).”
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Questions you should ask and answers
you should receive when you are setting up,
or re-evaluating your employee savings
or profit-sharing plan.

Perhaps we might begin by reminding you in fixed income funds. They are turning to
that you should look into a number of different insurance companies which can provide guarantees
plans before committing yourself to any one. of principal and interest that are not available
When you do, you will find that most tax- through bond funds, company stock funds or
qualified plans offer 1) a common stock fund, 2) a common stock funds. In addition, only insurance
fixed income fund, and 3) sometimes a company companies can provide guaranteed lifetime
stock fund. This way, employees can place their payments to employees when they retire.
contributions in the area or areas that are best suited Now assuming that your interest is in fixed
to their personal needs and goals. income funds, let’s get at some questions you
Among these three kinds of funds, most should ask before selecting an insurance company
companies today are showing the greatest interest from one of the many in this field.

Q. Do have a guarantee of principal for my participants at all times and
under all circumstances?

A. You should for this reason: Suppose your plan has to pay out to
employees more than is contributed in a given year? This could occur
if there are an unusual number of early retirements or if a plant closes.
Regardless of what happens, Metropolitan guarantees the principal to your
participants.

Q. IfI need to can I cancel my contract at any time? If I do will I be
guaranteed book value?

A. You should have the right to cancel. You should also be guaranteed
reimbursement at book value, but it may involve some form of
installment arrangements. At Metropolitan, you can cancel at any
time and for any reason and book value is always guaranteed under
some form of installment option.

Q. Ifinterest rates increase over the years my contract is in force, will my
employees participate in the higher rates?

A. Yes they should participate. Employees know when Interest rates
have risen and expect to share in the increased earnings. But some
insurance companies give increases only under limited conditions. For
example, you might participate in increased interest, but only if the
insurance company is still writing this type of contract and if credited
interest rates are at least ¥2% higher than your guaranteed rate.

At Metropolitan your employees are guaranteed participation in
increased earnings when interest rates go up and are protected by
minimum guarantees wheninterestrates go down.

These are just afew of the questions ~ Mr. Leon D. Moskowitz, Vice-President,
you should ask before awarding your Group Insurance & Pensions Marketing,
employee savings or profit sharing planto ~ Metropolitan Life, One Madison Avenue,
any company. But there are many other New York, N.Y. 10010(212) 578-3148.

questions of great importance. N
If you have others (and you probably # MetrOPOI ltan
do) call or write: Where the future is now
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