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12 Transformers 5/8" square core

Primary 120 turns #23 wire center tap.
Secondary 5800 turns #40 wire

Please supply with insulated leads brought out as
shown in enclosed sketch.

Transformer specifications as used in the six-volt
portable designed for the Huachuca Mountain trip.




. /0, 00 AN

—~ Ty o 7
(Ot ~ FEE For. L Lo

"/"{r LT ) 7 /_,:—;,_,cj/Q ,f-— H
I'I . ,—'.?" n(%)l :_{.’ J__-"_ r./ & . 3: = 32:,__ '__‘ i




12 Transformers 5/8" square core

Primary 120 turns #23 wire center tap.
Secondary 5800 turns #40 wire

Please supply with insulated leads brought out as
shown in enclosed sketch.

Transformer specifications as used in the six-volt
| portable designed for the Huachuca Mountain trip,
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Filming and Separation Record

| unmounted photograph(s)
negative strip(s)
unmounted page(s)

(notes, drawings, letters, etc.)

was/were filmed where originally located between page ___ and </

Item(s) now housed in accompanying folder.
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Freezing a Firecracker

Exposures as short as four microseconds are made possible

by a magneto-optic shutter having no mechonical parts.

caMERA shutter capable of making still photo-
A graphs with an exposure time of from four to 10
millionths of a second has been developed by a re-
search group which included Professor Harold E. Ed-
gerton, Kenneth |. Germeshausen, and Herbert E.
Grier, all of whom are members of the Institute’s De-
partment of Electrical Engineering. The camera has
interesting potentialities for industrial research and
already has been applied to a study of ordnance prob-
lems. Its advantage is that photographs of good defi-
nition, throughout a viewing angle of 30 degrees or
more, are possible. Thus, the interesting transient
phenomena, occurring in luminous bodies and about
which we should like to know more, can be recorded.
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Key element in the new camera {lusign is the mag-
neto-optic shutter which, because it has no moving
mechanical parts, makes possible satisfactory expo-
sures as short as a few microseconds. The shutter

makes use of an effect, discovered by Michael Fara-
day in 1845, by which transparent bodies in a mag-
netic field rotate the plane of polarization of light
p.issmg t]mmj_'h them.

Essentially, the shutter consists of three sheets of
polarizing material, the plane of polarization of the
center being at right angles to the planes of the end
elements. These polarizing plates are cemented be-
tween thick dises of strain-free, extra-dense, flint
glass. Filters at the ends of the shutter restrict light
passing through the shutter to a narrow band in the
visible spectrum. Surrounding the shutter, which
is made up as a eylindrical sandwich, is a coil of wire
into which a pulse of current may be discharged
from a condenser which has been previously charged
to several thousand volis,

Under ordinary circumstances, the shutter is ex-
tremely opaque, passing something like one one-bil-
lionth of the light incident on its optical axis, Such
high optical density is essential when recording pho-
tographically the action taking place in self-luminous
bodies, When a condenser, ch arged to a potential of
several thousand wvolts, is suddenly discharged
through the coil surrounding the shutter, the current
through the coils establishes a magnetic field of high
intensity. The resultant magnetic field produces a ro-
tation of the plane of polarization of light passing in
the strain-free flint glass discs so that, during the pas-
sage of the current, the shutter becomes relatively
transparent and passes about 4 per cent of the inci-
dent light, or about 30 million times the amount trans-
mitted with the shutter closed.

As is well known, when a charged condenser dis-
charges through an inductance in a low-resistance cir-
cuit, the discharge current is not a single pulse, as
would be most useful for the present application, In-

NO LIGHT OF ITS OWN was used in making this
silhouette photograph of an exploding firecracker,
since the shutter speed of five microseconds wos
sufficiently short to  exclude recording the direct
flash. A spark, generated by the discharge of a 0.3
microfarad copacitor charged at 12,000 velts, pro-
vided the light by which the shock woves were
recorded, A fleld lens, eight inches in diameter, was
used to concentrate the light into the camera lens.

Gases from both ends of the firecracker may be
seen issuing horizontally from it. Mote the wisp of
smoke from the burning fuse in the upper left-hand
corner, not yet disturbed by the expanding shock
wave, The pin at the bottom was used as a suppert
for the firecracker.

Instead of eliminating the direct light frem the
explosion, photegraphs in the normal manner con be
made of the direct flash by opening the shutter for the
desired length of time, and by removing the back
lighting preduced by the spark discharge.

stead, an oscillatory current occurs which tends to
“open” the shutter on successive alterations of the cur-
rent flow. Although less light is passed through each
successive opening. several exposures may be en-
countered unless pl't‘L'autEnns are taken to eliminate
such multiple exposure effects. Single pulse operation
may be attained by increasing the circuit resistance
or by providing a spark gap to damp the discharge.

The condenser for storing energy and the coil sur-
rounding the magneto-optic shutter are designed so
as to prnvidr the optimum time for shutter opening,
usually between four and 10 microseconds. With an
optimum exposure time chosen, it is possible to vary
the net exposure by changing the voltage to w hich
the condenser is Lll'llt_\(‘d This alters the intensity of
the magnetic field through the coil which, in turn,
controls the degree of rotation of the polarized light
through the shutter to determine the final amount of
light recorded on the film. Voltages of the order of
8,000 volts are used to charge the condenser for exist-
ing shutters. Shorter exposure times are possible with
higher voltages.

In ordnance use, the camera is set up with a photo-
tube timing circuit so arranged that light from the ex-
])I(Ninn triggers the electronic control equipment.
producing an accurately timed pulse which actuates
the shutter, P]l()(t)t’l.ll)h\ are usually made of the lum-
inous discharge of the exploding material, although
supplementary flash illumination may be used during
the short interval for which the shutter is open. An
advantage of the shutter is that light from the explo-
sion may be excluded and the shock waves recorded
by silhouette techniques. In either case, electrical cir-
cuits can be arranged so that small time delays may
be introduced into the shutter circuit, making it pos-
sible to have the shutter open for any desired portion
of the flash. The possibility of m’l]\m{_, either normal
or silhouette photographs of intensely bright flashes
greatly expands the capabilities of the photographic
technique for industry:,

M.LT, REPORTS ON RESEARCIHL




) W Tt

Freezing a Firecracker

Exposures os shor! as four microseconds are mode possible

by o magneto-oplic shutter having ne mechenical ports.

-
caMEiRA shutter capable of making still photo- o
' !A graphs with an exposure time of from fonr to 10 i

i millionths of a second has been developed by a re-
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Key element in the new camera design is the mag-

neto-optic shutter which, because it has no moving
mechanical parts, makes possible satisfactory expo-
sures as short as a few microseconds. The shutter
makes use of an effect, discovered by Michael Fara-
day in 1845, by which tl.lml).uult bodies in a mag-
netic field rotate the plane of polarization of light
passing through them.

Essentially, the shutter consists of three sheets of
polarizing material, the plane of polarization of the
center being at right angles to the planes of the end
elements, These polarizing plates are cemented be-
tween thick dises of strain-free, extra-dense, flint
glass. IMilters at the ends of the shutter restrict light
passing through the shutter to a narrow band in the
visible spectrum. Surrounding the shutter. which
is made up as a eylindrical sandwich, is a coil of wire
into which a pulse of current may be discharged
from a condenser which has been previously charged
to several thousand volts,

Under ordinary circumstances, the shutter is ex-
tremely opaque, passing something like one one-bil-
lionth of the light incident on its optical axis. Such
high optical density is essential when recording pho-
tographically the action taking place in self-luminous
bodies. When a condenser, charg ged to a potential of
several thousand volts, is suddenly discharged
through the coil surrounding the shutter, the current
through the coils establishes a magnetic field of high
intensity. The resultant magnetic field produces a ro-
tation of the plane of polarization of light passing in
the strain-free flint glass dises so that, during the pas-
sage of the current, the shutter becomes relatively
transparent and passes about 4 per cent of the inci-
dent light, or about 30 million times the amount trans-
mitted with the shutter closed.

As is well known, when a charged condenser dis-
charges through an inductance in a low-resistance cir-
cuit, the discharge current is not a single pulse, as
would be most useful for the present application. In-

MO LIGHT OF ITS OWHN was used in making this
silhouette photograph of an exploding firecracker,
since the shutter speed of five microseconds wos
sufficiently short to exclude recording the direct
flash. A spark, generated by the discharge of a 0.3
microfarad capacitor charged at 12,000 volts, pro-
vided the light by which the shock waves were
recorded. A field lens, eight inches in diameter, was
used to concentrate the light into the camera lens.

Gases from both ends of the firecracker may be
seen issuing horizontolly from it. Mote the wisp of
smoke from the burning fuse in the upper left-hand
corner, not yel disturbed by the exponding shock
wave, The pin at the boltem was used as o support
for the firecracker.

Instead of eliminating the direct light from the
explosion, photographs in the normal manner can be
made of the direct flash by opening the shutter for the
desired length of time, and by removing the bock
lighting produced by the spark discharge

stead, an oscillatory current occurs which tends to
“open” the shutter on successive alterations of the cur-
rent flow. Although less light is passed through each
successive opening, several exposures may be en-
countered unless precautions are taken to eliminate
such multiple exposure effects. Single pulse operation
may be attained by increasing the circuit resistance
or by providing a spark gap to damp the discharge.

The condenser for storing energy and the coil sur-
rounding the magneto-optic shutter are designed so
as to provide the optimum time for shutter opening,
usually between four and 10 microseconds. With an
optimum exposure time chosen, it is possible to vary
the net exposure by changing the voltage to which
the condenser is charged. This alters the intensity of
the magnetic field through the coil which, in turn,
controls the degree of rotation of the polarized light
through the shutter to determine the final amount ol
light recorded on the film. Voltages of the order of
8,000 volts are used to c]l;u'gv the condenser for exist-
ing shutters. Shorter exposure times are possible with
higher voltages.

In ordnance use. the camera is set up with a photo-
tube timing circuit so arranged that light from the ex-
plnsiun triggers the electronic control L'(illi})lllﬁ']lt‘
producing an accurately timed pulse which actuates
the shutter. Photogr ;l])h\ are usually made of the lum-
inous discharge of the exploding ‘material, although
supplementary flash illumination may be used during
the short interval for which the shutter is open. An
advantage of the shutter is that light from the explo-
sion may be excluded and the shock waves recorded
by silhouette techniques, In either case, electrical cir-
cuits can be arranged so that small time delays may
be introduced into the shutter circuit, making it pos-
sible to have the shutter open for any desired portion
of the flash. The possibility of ll](l]\IIIL, either normal
or silhouette photographs of intensely bright flashes
greatly expands the capabilities of the photographic
technique for industry.
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Notebook # 31 0

Filming and Separation Record

unmounted photograph(s)

—L negamﬁp(s) /"_9' re o7 ] ’-'/ il
unmounted page(s)

(notes, drawings, letters, etc.)

was/were filmed where originally located between page % 4% and 7.5 .

I[tem(s) now housed in accompanying folder.
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unmounted page(s)
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was/were filmed where originally located between page 4 and 7 /.

Item(s) now housed in accompanying folder.
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Filming and Separation Record

__g_ unmounted photograph(s)

negative strip(s)

unmounted page(s)
(notes, drawings, letters, etc.)

was/were filmed where originally located between page [ and

Item(s) now housed in accompanying folder.
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negative strip(s)
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