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JAPANESE 75 MM, FIELD A/A GUN
(Type 88)

(See NOTE re CALIBRE - page 77)

The weapon ls a Japanese 75 mm. Fleld Anti-Aircraft Gun-
Type 88 - 1928 Model. Although designed primarily for an
A/A role, the weapon has been used as a field gun. It 1s
semi-gutomatic in operation and the rate of fire is estim~
ated to be 15/20 rounds per mlnute. The weapon has a high
degree of mobility and can be put into and out of sction
with great rapidity.

1. GENERAL.

Items of general equipment examined were manufactured at
the Osaka Army Arsenal, Sighting gear was produced by
Mitsublshi, also at Osaka.

Miscellaneous Detalls.

Muzzle Velocity .. .. .. 720 meters per sec.
2360 foeet " "

Increass in M.V, for each (.85 meters

1° rise 1n temp. .. .. .. {2'94",

Increase in M.V. for each

1% decrease in weight of (1.52 meters

projectile. <o o4 44 .. (4'7M,

Maximum Helght. .. .. .. (9100 meters
(29848 ft.

Maximum Horizontal Range .. (13800 meters
(15080 yards

Fuse setting range e+ ++« From 0 to 30.

Overall weight of gun «« 5830 lbs,

2. ORDNANGE.
(a) Miscellaneous Details
Welght of ordnance .. .. 1000 1lbs.
Length of " «e  +. 10', 10,5"

Length of rifling .. .. 101.5"
Calibre o ee ve e as (75 mm,

(2.956".
No. of lands ee  ee .. 28
Width of lands .. .. .. 0.156".
Width of grooves ee .. 041797,
Depth of grooves e .. 0,029".

Twist of rifling .. .. 1,259 turns in 101,8"
Uniform righthand twist.
Chamber -

Dismeter at breech end .. 3.380".

" " neck ce 4. 3.108".
Length ee  es .. 20,25",
Breech Mechanlsm -~

Weight .. .. <. .. .. 62.5 lbs.

(b) Jacket and Breech King, made 1n one plece, fltting
tightly over & Ilner of Wﬁich about 4 ft, projects beyond
the Jacket at the muzzle end. Integraul with the Jacket
are three sets of longitudinal projections (Flg. 6, 1)
which are fitted with brass bearing strips (Flg. 1, 5).
These form guldes for the piece during recoll and recup-
eration on the cradle slides,
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{tv} The plece recofls cerrying the roller-arm, actuating
*he actuating shuft, past a cam fixed on the side of the
cradle. On run-cut the roller-arm engages against the

reer portlon ol the cem, 1s forced in & clcckwlse direction
and thus opens the breech. Ths cem 1s allowed to rotate
under pressure by a buffer cylinder, thus permitting the
roller-an tc clear the cum and continue 1ts forward
moveonent.,

{v) The extrsctors are forced to the rear, ejecting the
case and hcldlng the breech block open ready for the next
rouni.

(¢} To diswantle Breech Mechenism.

{1} Jpen breech and turn "Hand" and "Semi-suto"
settine Lever towerds the breech. This retsins the plunger
¢t br h-closing assembly in its housing, disengaging it
ficw toe LiboM, tee,

-1t} lisir'-close breech, unscrew nut, retalning
serunt!iny otul't, and sllde roller arm off lower end of
actanting sheft, Lift out the L.B.M.

+181)  Withdrew extracter spindle und slide out breech
block amnd extrsctors.

iiv) Lxerting pressure on the plunger of the breech-
clusing usserbly (to prevent plunger and spring from
£lying cut} turn the "Hand" and "Seml-auto" setting lever
toward the muzzle and remove plunger end spring. To
remove the parts from the breech block - rctate striker-
cover one hel!l turn elther way and 11ft out; withdraw
main spring u«nd striker. With safe and flre lever
horizontal, querter turn cocking and firing lever outwards
frem the block und 11t out.

(v) Withdraw ccover, cem and sear assembly and, from
it, remove sear, cam and spring actuating cem. Turn
safety lever und fire lever down; 1lift out plunger which
locks L.B.M. with plunger sleeve and plunger spring. Tumm
safety and fire lever in a clockwise directlion to stops,
then withdraw,

Assemble In reverse order.

(f) ‘the Clinometer plsne 1ls sltuated on top of the breech
ring and has threc lccaling screws.

Lock, retaining, breech block closed - the plunger
is fcreed IntGc a recess cut in the rear face of the block
sbern the lock Y rotsted one sixth of a turn.

Piinger, Locking, L,E.M. - As the L.B.M. cloges the
breech, 1L passes over the plunger depressing 1t and thun
®i.cwlng it to rise into & slct cut into the under side of
the L.i,M. When the s=afe and fire lever 1s in the hori-
zontul position 1t locks the plunger. This in turn locks
the L.B5.M. when the breech 1s closed. With the safe and
fire lever turne. upwards both the L.B.M. and the lever,
cocking and firing are locked.
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of the springs, runs over a pulley located above tho tube
on the top carriage, to a lug located on the bottom of the
recoll system. (Fig 6-2). The equilibrating force 1s
exerted at a point 7§ inches below the axis of the trunn-
ions, and 5 Inches to the rear at zero degrees elevatlion.
The two springs are separated by a bronze separator, and
held in place by a bronze and steel cup at the lower end
of the springs. The equllibrator tenslon is adjustable by
means of locking nuts on the threaded cable extension.

The pulley rotates on a bushing on the transverse shuaft
which contains the elevatlon spur gears.

(e) Elevating Wechanism. Figs, 5-1, 7-1 and 10-12 show

the elevating segment gears. FPlg. 12 shows the elevating
mechanism. The rotation of the handwheel 1s transmitted
through a gear traln, to the transverse shaft whick contelns
two pinions. These two pinlons rotate aguinst the segment
racks, causing the gun to elevate and depress, FPFig. 2-9

and 12-1 show the spur segment gear which turns the

electric luying apparstus which 1s mounted at 2 of PFig. 12.
No electrical components were recovered.

(f) Traversing Mechanism. (Figs. 13 and 2). The rotation
of the handwheel Is transmlitted to a worm in part 13 of
Fig. 13. This worm engages & ring gear which is fastened
rigidly to the pedestal. The end of the worm shaft 1s
keyed to recelve a connectling element to the electric
azimuth laying apparutus (probably matching pointer system)
which 1s apperently mounted at 2 of Fig., 10, Fig. 2-4
shows the traversing handwheel lock.

(gy Pedestel. (See Fig. 5.) Heavy steel casting,
mountIng ring gear and bearing surface for top carriage
movement 1n aziruth., Flg. 5-2 shows indents in the
pedestal into which a travelling lock fits. This lock
merely connects the "A" frame, (Fig. 2-15) which is part
of the top carriage, to the pedestal.

Pigs. 10-8 and 9 show two @zlmuth scales graduated in mils.
The upper scale 1s graduated from O to 6400 mils in a
clockwise direction. The lower scale is marked from O to
6400 mils In a counter-cleckwise direction. The upper
scale may be turned Iin azimuth for orlentation, then set
Into posltlion by set screws. The lower scale is movable.
(See dlscusslon of Course Angle, under Fire Control page 21)

The index to the bottom scale (Fig 10-14) is fastened to the
top carrlage frame. It 1s adjustable with respect to the
frame, The adjustment is accomplished by moving the
pointer on a brass track (Fig, 10-13) which 1s graduated
from O to 600 mils to elither side of the contre.

The pedestsl 1s fastened to the base by means of studs,
The studa extend upward through holes in the base of the
pedestal and nuts complete the locking as shown in Flg. 2.

The Azlmuth ring gear 1s a one plece steel gear, drive
fitted and bolted iInto the top of the pedestal,

The bearing race 1s machined into the upper surface of the
pedestal,

(h) Base. Single steel casting. This casting 1s fitted
with The pedestal mounting studs, and is so designed as to
mount the flve outriggers and firing pads, and the axle

assembly, (See Fig. 9). Detalls of the mounting of these
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(m) Seals. The seats and fuse gsetter are mounted on &an
"A" frame of light tubulur constructlion. The top of the
"A" is bolted to the rear of the top carrlage frame and
braced to the left slde of the frame. The seats are
mounted on extensions on either side of the cross-bar with
foot rests at the bottom of the "A", The seats are stamp-
ings of thin sheet steel fastensd to a rod as shown in Filg.
2-16, The helght of the seat 1s aedjusted by settlng the
wing nut which fastens the rod at the desired position.
Pilg. 2 shows the construction of the frame.

TRAVELLING POSITION. (See Fig. 6.)

To place the gun in travelling position as shown, a hand
retchet winch and gun slide is attached to the towlng out
riggers near the lunette, and a cable run from the winch,
over the pulley (Filg. 2-17) to the lug on the breech ring
(Fig. 1-4). Thes recoll pliston rod 1s then disengeged from
the breech ring (Fig., 1-3). The recoil piston rod 1s then
disengaged from the breech ring at Fig. 1-3, and the gun
elevuted untll the tube tends to sllde to the rear. The
tube is lowered slowly with the winch, and the gun elevated,
until the breech ring rests on a pad on the winch slide,

The gun has a road clearance of 133", and 1s 15' long, from
lunette to rear-most extenslon, when travelling. See Flg.
8-5,

According to the tostlmony of a P.W. the prime mover is &
slx-cylinder, six-by-six truck, equipped with a power winch.

EMPILACEMENT.

1. A pit is dug, approximately three feet deep, and the
eurth thrown up around the edge until 1t 1s level with the
trunuicns. The hole 1s made large enough to accomodate the
spread of the outriggers, and the floor ls levelled.

2, Gun is lowsred into pit with the power winch.

3. \When the gun 1s In the final posltlon, the three hinged
outriggers are unfolded, and the long jack-screw of the
centre one turned down to the floor of the pit. One jack-
screw of the towlng outrigger 1s set to the floor. - The gun
then has four-point suspension, two wheels, and two jacks.

4, The ordnance is now pulled into firing position by means
of the hund winch. (The winch is left on the outriggers,
und the tenslon kspt on its csable during travel). The
recoll piston is then fastened to the breech ring.

5. Towing outriggers are spread, and the three long Jacks
turned untll the wheels are ralsed off the ground.

6. Wheels are removed by forcing the spring key (Fig. 9-4)
inward, and turning the locking nut (Flg. 9-5) counter-
clockwise two turns. Locking nut comes off, und the wheel
1s pulled off the spindle.

7. The remaining two outriggers are spread to thelr firing
posttions. At this position, the five beams are 72 degrees
apart,

8. Gun 1s lowered onto the firing pads.
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(v) Instruments and computing mechanlsm employed in the
system.

(1) off-carriage components.

a, ‘Two-metre-base helght and range finder..

b. Speed and courss angle calculator.

¢, Charge (propelling) temperature and wind
corrector scale,

d. Spotting binoculars.

Thase instruments are located in the battery command
post, uand supply the followlng data to the guns:

Helght Finder - Ho, present altitude. This is
assumed to remain constant throughout
a predlction cycls,

Calculator -~ Lo , angle of approach (course angls)
of target at the present poslition,

- Sg, ground speed of target, Thls
is also assumed to remaln constant
throughout the predlction cycle,

Corrector -~ Pointing correction angles to be
scale applied to the sights to corrsct for
wind components and changes due to
the Inlitial temperature of the
propellant charge.

Spotting - Spot corrections.
blinoculars

The inatruments are shown in flig. 18, 19, 20, No
spotting binoculars have been recovered to date.

The data computed in these Instruments is shouted
from the C.P. to the guns. No telephone comaunicatlons
are used, accordlnyg to the testimony of a captured gun-
crew member, This P.W. also stated, that to his knowledge,
only four computors were in operation with army AA
batterles, These were frequently out of order and had to
be shlpped to Tokyo, us there were no provislions in the
field for repair, There are mounting surfaces on this
gun for data receivers, but they have never been used,

(11} oOn-carrisge Components:

a, Elevation Computlng Apparatus.

b, Azlmith Computing Apparatus.

¢, Auxiliary Elevation and Lead Corrector Disc.
d. Fuze Setter.

The various parts of these components are shown by
the photographs and the accompanylng nomenclatura 1lists,
The major parta of both the elevation and azlmuth computing
apparatuses are the same, so thelr functlons may be
described together.

Pan shaped plate (See Fig. 14). There 1s one of
these plates on ovach side of the gun. It is a brass
plate, quadrant-shaped to represent the elevatlon guadrant
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of the gun; from zero to ninsty degrees. The face of the
plate is swept by a radial arm which 1s rotsted about the
axls of the quadrant by QE. A pointer is mounted on the
arm which may be translated along 1lts length. The face of
the plete is inscribed with two sets of curves which

are plotted 1n polar co-ordinates, with the quadrant
elevation as ¢ on both plates, The curves on the plates
are plotted for the characteristics of one type of
asrmunition and fuze only; specific plates must be used for
each type of ammunition.

{(a) Elevatlion Plate:

Super elevation. The black set of curves on this
rlate (see Flg., 12 - curves marked 100, 500, 1000, etc.)
are plotted with QE as @§ and superelevatlon asa L, for
any glven altitude. The curves are plotted at intervsls
of 100 metres of altltude from 100 to 8500 metres. The
pointer is translated by turning the superelevation knob.
The amount of rotation of this knob required to bring the
polnter to the proper altitude curve is proportional to
the superelevation angle under the glven conditlons of QE
and altitude. Thia rotation 1s transmitted to the
elevation sight through the differentisl, causing 1t to be
moved through a reverse superelesvatlon angle. The entire
gun 1s then eleveted to bring the cross-hairs back onto
the target, and the superclevation angle has been added to
the gun.

"Jide" or projectile velocity curveas. (Jido is
usually trenslated as automatic). These curves sre
inscrlbed in red on the plate, and are some function of the
average projectlle veloclty for any glven (E and range
(or superslevation). The curves were not analysed, but
in the light of what happens to the values taken from them,
they are apparently pleotted from the logarithmic values of
average projeclile speed, in seconds required to fly 50C
metresa, for sny given values of QE and range. They are
ossipgned numbers 29-72 for identification, These curves
w11l be further discussed later, ps they enter Iinto the
vertical deflectlon computationa. For the present, 1t is
established thnt when the superelevation arm ls set at a
Quadrant Elevatlon, snd the polnter at a given altitude
curve, the red line nearest to the polnter represents some
function or the uverage veloclty of the projectlile under
these comditions.

{b) ﬁ\ii.!'ﬂt‘“ Plate:

Puze Curves, The black curves on the azimuth plate
sre plotted wITh QR as # and fuze graduatlons as ﬁ> for
any given altitude. The polnter 1la translated by rotating
Lhe fuze settlng handwheel. The amount of rotation
required to sot the polnter on the gilven altitude curve at
& given Quadrsnt Elevation, 1s proportionsl to the required
fuze graduation under those conditions. This rotation 1is
trensmitted to the fuze setter continuously, go that it is
always at the proper setting.

:giﬂii_ﬁﬂﬂviﬂ‘ The red curves perform the same
functlcn on this slde as they did on the elevation plate.
Thelr values however, should differ, becruse of the fact
that the Azimuth prediction 1s computed from the values of
horizontal range, rather then slant range. The value of
Vp then 1s not the aversge velocity of the projectile at
211, but rather a velocity computed from R, where R =

t
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horizontal range. The curves on this side are essaigned
umbers 1-36. The elevatlon curves are numbered from
20-72.

Computiry Drums. The function of thease drums 1s to
apute the principal lateral and vertlcal defllection
2.

Zach drium fas a maln section and an end section (see
and 16}, These two secctions ere coupled tegether
£4 by means of e apring-pressure frictlen clubceh,
sc that they mny be rotated as one drum, or the erxl

sectlion ney be held and the main section turacd with
respect to 1t,

Elevation Drum. The main asection of tho drum 1s
moroly s set of curves plotted in rectengular co-crdinates.
The absclssae are velues of vertical deflection, and tho
oridinates, values of (%5 sin eo). The scale nearest the

p
maln section is a logarithmicelly graduated scale of target
speeds., ‘The outer scale is an evenly greduated scale of
logerithmic values of a functicn of tho averapge projectile
velocity, These nre get in reference to a polnte:r (not
shown in the pbotogrsph) which moves eround the end section
of' tle drum in a logarithmic relation to the sinf, .

The mein section 1s roteted with respect to the end
until a reference arrow inscribed on the main scction is
oppcslte the correct target speed. The drum iIs then
roteted as & unlt by turning the drum rotating knob untlil
the proper Vp value 1s set to the fe 1index. The
logarithms have been nlgebraically adled and the sum 1s
equal to an ordinate x which 1s equal to(ég sin (o ).

V,

p
The vertical deflection pointer 1s then translated untll it
1a set to the given course angle curve, The peinter is
translated by rotating the vertical deflectlon knob, The
amount of rotation of this knob 1s proportional to the |
principal vertical deflcction, ond it is transmitted through
the ditferentlal to the elevatlon sight, causing it to
apgain move off tihe terget in the inverse deflecticn angle.
The angle 1s set into the gun as the tube 1s elevated to
bring the cross-hairs bacl onto the target.

Azimuth Drum. The operaticn of this drum is
3imllar To that ol the c¢levatlon deflection computor,
excopt for the r'sct that the sin fo does not have to be
cengldered in computing the azimuth lead. The only basic
differences bte en the two, then, are that the abscissae
ere lateral deflections instead of vertical; and the 1ndex
f'or the jldo or Vp graduations is fixed rather than
variable. The speed of the target 1s set in ss on the
elevation drum, and the cylinder 1s rotated as a unlt until
the ordlinate Sg has been reached. The lateral deflecticn

Vp

is set into Loth sights, as the letersl deflectlion knob 1s
turned to bring the polnter on to the proper coursge angle
curve.

{c) Auxiliary Elevation ILead Correction Disc. This
disec 1s shown In Fig. 10-7. It 18 grsdusted sround the
circumference of the face from O to 90 degrees twice
(see dlagrem). The dlsc apparently rotates with § o.
£ scale gruadusted from zero to 600 mils above and below the
centre line of the dlsc ia mounted &t polnts & and B in
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Fig. 15a.
FIRE CONTROL

Sketch of Lateral Deflection Drum
{Refer Filg. 15)

Lateral deflection angles in mils
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o(o, Course angle (angle of Speed and courae
approach) angle calculator
60, Present sngular slevation Elevation sighting

mechanlam.
Ao, Present azimuth Azlmuth scale.

(11) Assumptions and definitions: The altitude of the
target 13 assumed to remaln a constant throughout the
prediction problem, The ground speed of the target is
also assumed a constant.

a. Ground specd: The target apeed throughout this
problem Ts graduatod and computed in seconds, A apeoed of
x seconds Indicetes that the target will move a diatance
of 500 metres in x seconds, The P.W. intimeted that 1t
i1s considered 1nefficlent to state veloclitles Iin "mlles
per hour' or "feet per second", as 1t 1a harder to
visuallze the actual rate of travel than when a definite
distance 1s understood to be traversed in a definite
length of time.

b. QCourse Angle; Thls ls the angle formed by the
horlzontal projection of the axis of the bore and the
horizontal projection of the path of the target, measured
in mils from zero on the line of slght 1in s clockwlse
direction away from the gun.

3200

oo - 8OO mils

Ao - 5600 "
- 4800
- " 1600
op - 1600 PR ~
Path of
Path of target
target
GUN
This angle 1s continually changing. ‘The

Instantaneous values of courase angle are supplisd to the
mochanism in the following manner.,

When a target 1s firet sighted 1t 1s tracked by all
guns and Instruments, At the command "start" by the
Battery Cormmander, the spsod and courass angle Calculator
atops tracking, and allowa the target to fly from the
cross-halrs of 1ts reticule, to the measuring elllpse
(sse sketch). At the same time a chalk mark 1s placed on
the pedestal of each gun, directly benecath the course
angle pointer {(gee Kz, 10-14). The guns have contlnued
to track the target, The course angle caleculator then
corrects the course angle to the horizontal plane, and
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Sg ¥ t x Cosdp

In the vertical deflectlon triangle: PFig A-III

aln by . Sg x t x Coso
ERS n¢ Up x £ T
o
sinby = 3g Cosdo Sinfo
vp
or
sing, = 8¢ x %%g cosodo Sinf,

The gun computlng mechanism, then, mmst mechanically solve
for the angle whose sin « 5S¢ Cosde 8info
Vp -

NOTE: The term "Vp" will again be used for the sake of
clarity In explanation, It will be understood that
thls term merely represents the actual functlon of
time of fllght, range, or veloclty used in solving
for sin g,

The equation 1s mechanically solved on the vertical
deflection drum, The drum 1s actually a set of curves
plotted from rectangular co-ordinates, then rolled 1nto a
cylinder. Rotatlon of the cylinder wlth respect to an
index changes the ordinaete of a point on a curve, and
translation of the vertlical deflectlon polnter changes lta
abaclssa. As stated previously, the curves are plotted
for values of olo or some functlon thereof, for varylng
values of vertical deflectlon as abscissae, and

(Sg 8in € ) as ordinates. The mechanical operation of

(Vp

the drum has been discussged, The ordinates Sg sin £o
vp

gre computed on the drum itself. Values of 3g taken from
the Speed and Course Angle Calculator, are divided by
values of Vp taken from the jido curves. This division
i3 apparently accompliahed by subtracting logarithums. The
end sectlion of the drum, then, 1s, in effect, a slide rule
for the purpose of dividing the velocities and multiplying
the quotient by the sin€q . The latter quantity is
brought into the problem by the moving €o Index, which
apparently rotates through angles which are proportlonate
to the sin of the angle of elevation as 1t changes from
zero to nlnety degrees. When the ordinate of a polat on
the course angle curve 1s established, the unknown
deflectlon angle hans been solved, and is introduced into
the aystem as described under "Computing Drums"

b. Superelevatlion ¢° . The angle of superelevatlion
above the Iine of sight require to compensate for the
trajectory of a given type of ammunition at any given
angular helght and altitude was discussed under the
"Elevatlion Fan-shaped plate", Firing table values of
superclevation were plotted agaeinst angular heipght for
glven altltudes. These values were taMen off the plate,
and set lnto the gun as described.

c. Vertical Pointing Corrections. The vertical
polntTng corrections conafst of the following added lead
angles:

6,4~ arbitrary or spot correction

éld - correction anpgle due to changes of air
density
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62V - correction due to changes 1n muzzls
velocity of projectile

62w - correction due to changes brought about
by the range component of the wind.

6 - the emount of spot correctlion nceded

z 1s determined by the location of the
bargts, and 1s set in at the elevation
sight correction knob. This knob 1a
graduated in mils, and causes the slight
to move off the target the required
angle.

614 - the correctlons due to changes in alr
denalty are probably computed at the
command post from firing tebles and
neteorologlcal data, snd are set in at
the elsvation sigzht.

62\/- corrections due to a change in muzzle
veloclty from the rated value are

. computed in mlils at the Command Poat
and sot in at the elevatlon sight.

62w— this correctlion 1s computed from the
charge (propelling) temperature and
wind correctlon scale at the Command
Post, and is set in at the elevation
alght.

L0,  TATERAL PREDICTION:

The lateral prediction angle is made up of the
following angles which are added to Ao to fora Af.

S Principal Iatsral
' meflection

5 Isateral Polnting
2 Corrections

a. Principal lateral
deflection (See iz, A).

In Pig. A-1, the target
moving from To to Tp causes a
change in the azimuth of the
sun equal to angle BAC. Fig
A-TIV shows the triangle formed
by present horizontal rangs,
future horlzontal range, and
path of the target. In Flg.
A-TV, agaln, the lateral lead
triangle:

sin 5 = Sg x
sInc.Lg Vp x
ain & = 5g x sln~lo





































































Polnted Shell)







LE VELOLITY 720 metres. TYPE 90 4/4 POINTED SHELL

C.S% C.77] CT.94
C.5 C.761 C.93

2.0
1.69

AS0VE Norizontal plane
fhove lline of sight
rirontal plane with 1 mil
ane of sight (in mils)
norizontai range (metres;
Height (metres)

£00C 2000 ©00G i 7QCC:
ici o0y ] 60t T0r.
slxteenths ol Cezree ' 17717 1808 1% ! I
15 derrees iz Gl i1 G5 & Q07 Gz
c O%. 2 0l' 6 O Os !
ne norizontal 2.9 [ &l D ) Lo
ne of sight .8 ' 4.% Se L7
degrees and minutes} € 231x 2.29i=3 00 D% :
265 K149 501 282
S99 11,07 1,2 Te7
15.0: "31%.27 ZoL,E 27,5
Sorizontal range IEE,i 1457 148 14T
lelght 33[ 33! 2L 37!
Directlon 8.1 1z.¢] 21.41 32,8!
=056 Se.c) t= Angle ol sigat Z. 08 223G, 2491 | SeBc -
. I direction 2,041 2,72! 3.81 1 4.75]
kel 1716 of adegree Lo & S4Bl 6,8V | 7,70
in » 1.17 1,21 l.2611.32!
and 1 metre of 1.47 1.8C 1.B84; &,1u:
Zies C. 08 C.1l; C.1561 0.1%
ver I mm in =C.07T 7 =0.477-C.80 =C. 7%
in =0,01 «C.02 =0.0Z =0.05
1 degree In C.Be,  1.1by 1.56 | .11
stmoc iz _temperature C.C3,  0.05! 0.08! 0.13
Wi ease ol 1k -n #C0.50] 1.04; 1.86 ) <.51
: of projectile -C.06: -0,C51 0.0C i®0.0¢
. - metre longitudinai .00, C.C8) C.00 T C.GO,
I3 -C.20| ~-0.22' -0.23 i=0,23
|
i

1.03 1.62] 1.0

S, 24.10] 25.30(ckaB06 )

3.08; #0.99-1.27

sngular height (mils) -O.GO' =C.721=5.84 ¢
wensity plus 1 mm i +C. 0002 (.Ql16|0.0141(C.017:

- Fowder train temperasture plus 1 deéreeC.OCIE!C.OCEC’C.OC'BQ ¢, CCRE10, 5CBCIC. 0CEL iC, 0072

- 0g -



8C_4/f POINTEL SHELL

HTIGHT 200C metres - FUZZLT VELOCITY 720 metres
Hor.zonte. r&nceé (metres ] T 20001 30007 5000 | 6000 7000}
C.ant_runge (melres) | T 2825, 360€ 53cb | 6325 | 7280
Juecrans eievation ( Hescins in degrees anc i 456 Obj 36 C5 ) 3G 05 ) &7 05 ) 2o 41 | 25 071
fnsic ol signt x| sixteentns ol aegree 7 . 4D CC- 33 111 26 09 ] =21 13 16 07 | 1o 15
snguler heipht { e.c., 40 131 = 40 T1/1c degrees , -1 Co. 2 101 5 06 7 04 S 06
Devieticn (in mils) :- ADOVE ine horizoniel 1.2 r 1.0 4,71 5.6 7.4
Abcve the line of c=ight 0.& 1.8 ’ 3.8 5.4 7.1
Angle of .ncilnetlor  (neacins In CeZrees anc minutes) 4c LZ 2% 51 , 12 1C 4 47 i~ 2 22
flemaining veiocity [metres) 440 5393 ! 316 . 291 z
Time ol ‘lilcnt (Seconas) .0 1 6,9 12.0 id.1 15,77
Tuse gracuttlons (seconds) O.7 | 12,7 20. 1 24, L N
50x bDurst cone (in mils) :- Rorizontal renge [13] | 96 135 143 13¢
Eeight €5 | €2 €1 58 54
Direction 3.4 . 5.8 15.5 ! 24.0 36.0
TCp Durct 2onR€ (in mils) :- Angle Ol Sighc 1.77 ] 2.03 Z2.60 3.21 .05 |
Ancle of direction i 1.30! 1.7¢ 3,02 3.94 5.15,‘
elght varlation [ With Increase ol 1/16 ol degree 4 1.09 2.‘.19‘ ) 5.5 €.65 1 7.76]
in metres {(A) of firinyg sngle B 1.12 1.314 1.15 l.21 1.26 1.35!
anc \1th Increace 01 L metre L EJTG 270 z.eh 2.60 Z.81 3.09!
Zlevation ingle cf muzzle velocity B 0.0l C.03: C.06 0.12 0.16 0.20
verietion nith Incresse of T mm In A=C,37 | =0.4b 7 ~0.ol ~0.88  -1.04 | -1.24
in mils (B) density E 0.00 0.00[ C.00 -0.02 | «0.04 | -0.06
%With Increase of 1 aegree A 0.66 C.95, 1.30; 2.2C 2.7% 3.43
in otxespheric tempersture E 0.00 .01 ¢.o2! Q. 05 0.08 C.14
#ith Increuse of 1% In A-1.5Y | =G.57 . »0,60 2.57 3.48 4.7
welcht of projectlle (B-0.62 | =0.24 | -0.09 ~0.03 | %0.02 0,11
with 1 metre longltudinal 4 0.00 0.00 ) ©€.00 C.00 0.00 0.00
{tail) wing -0.26 | -0,30! -0.35 =0.42 | =0.45 | ~0.46
Direction veriation in mils Above norizontal plane .06+ 0.50) 0.58 C.85 1.00 1.15
with 1 metre cross wind :- £ibove line of sight .27 C.28 1 (.48 0.7¢ 0.98% i.11
irectlon angle ebove the norlzontal plare witn 1 mil ; l
direction wngle ebove the line of sight (in mils) 2.1 i 20 1.08 1.08 1.04
aristion with 1/10th seconG  Horizontel range (metres) 3 ' C2,44 28,35 | 23.50 | 23.35
fuse graduaticn :- Height (metr‘es% ! a8 5.02 | #1.,983 | -0,986
Anculer helght (mils) ' -C.48 ¢ -0,7€ | -C,89 | -1.03
tmse graduatlion Lersity plus I mm 0. C07 1 |0.00‘13W C.0l40 10.C177 |C.C208
edjustments In seccnds:-Powder train temperazture plus 1 deg. 10.0CZC [C. 0028 IC.0C33 €. 0052 0. c0C3 [C. 073




HEEIGHT 3000 metres - MUZZLE VZICCITY 72C metres.
rorizonta. range (metres) 5000 | &000
Slant ncnge (wetres) G 58311 €70k
Lufcrant e.levVatlon neadlnz in degrees and 72 06 [ 57 1a1 &7 111 a0 I | 56 10| va Co
fngle of signt x({sixteenths ol degree 71 C3 [ F€ Co] 35 00 5 TZ T 20 15 | 26 09
Anguiar helgnt (e.p., 45 11 = 45 131,16 degrecs 0 12 1 o2 2 11y & 010 5 T11 7 10
Deviaticn (in mils) :- ADOVE tne NOrlzonval 1.5 1.7 2.5 1 Z.i 4.3 S.7
Above the line of sight c.5 0.9 1.6 | 2.5 5.7 5.2
angle of Inclinaticn ikeac.ing in Gegrees anc minutes) 7C 24 {83 dIT 40 257 29 411 20 221 11 22
nemeining velocily (meElIe€s) Z.C o851 504 S2o 29¢ <75
Time oi liignt (seconds) 5.8 €.9 + T.6 T 1.6 id.D | 18.7
rfuse GraldualiCns (SeCenas) LI, T 12,7 1 15,10 15.0 <l.2] 25,1
0% Durst Zone ,in mils):i= Horizontal range 39 ©4 | EE) 118 132 136
Helght 94 g4 93 gl 86 g0
Directicn 3.8 S.3 £.2 | 12.6 19.3 | 8.8
50% burst wone (in mils):- Angle o1 eight \ 1.25 1.76 Z.Q71 2,40 <. 8D .40
Anzle of direction i 1.26 1 1.561 2.05: 2,87 S3.49 4.44
Heignt varlaticn | Witk Increase of 1/1¢ of degree I 1.02 | 2.1y 2.297 4.40 S.53 €. 66
ir metres (&) ~of firing angle 'B 1.12 1 1.14] 1.16] 1.18 1.22 1.27
and S With Increase ol 1 metre A 3,92 | Z.85] S.7€ 3,69 3. 68 YNE]
elevation angle i of muzzle velccity B 0.02 | 0,041 0.086 C.0% Q.13 C.17
varlation ! Witn increase of 1 mm in 4=0.80 ~0.90; ~1,03] -1,16 | =1.32 | =1,51
in mils (B) . density B-0.00 0.00] ©.00| =0,01 | =0.02 | -0.04
i Witk Incresse of 1 degree 4 1.53 1.84 2.25 2,786 3.38 4.09
in etmospheric tempersture 3 C.00 0.0l[ 0.02 0.04 .C8 0. 10
%lth increase of 1% in 4-0.05 xO.SQi 2.10 3.27 4,36 5.5¢ z
welght of projectile B-0.03 | -0,04! -0.06] -0.05 | -0.02 | %0.C5 . 1S
With 1 meire longitudinal (sail) wind A 0.00 ¢.0C, 0.00 0.C0 C.00 Q.00 C.CU
iB-0.41 =0.451 -0.50 | =0.57 | =C.61 1 ~0.65]| ~0.88
Direction varlation In mils ZAbove horizcntal piane 1.27 0.861 0.82 0.8%9 0.99 1.12 1.25
with 1 metre crcss wind i~ Above line ¢f =ight 0.40 0.481 0.58 0.71 C.85 1.00 1.15
Directicn &nglé above the horizental plame witnm 1 mil ;
directlon angle above the line of sight (in mils) 5.16 1.80¢ 1.41 1.25 1.17 1.12 1.09
erlatlion with 1,/10lh seccnd norizontal range (mecres) 9.14 ib.Bdk 19,78 | 22444 | 25«99 | R2eo 4.0
fuse gradustion Helght (metres) 25.67 21.58| 17.00 | 12.80 £.90 S.1 1.39
ingular height (mils) -C.1E -0.341 -0.50| =0,661 -0,582. =0.97 | -1.13
Fuse grocustion Density pius 1 mm C.C03 C.0055 €. 01T [0.CIZT 1. CIEET0, C180 0. 0215
sdiusimert in seconds:-Powder treln lemperature plus 1 deg. [C.C029 |0,0033 [0.0C39 ’0.004’7 C. 0056 0. 00€5 0. 0075




HEISET 400C meires - WUZZLE VELCCITY 72C metres. TVPE 90 4/4# POINTED SHELL

lzorizontel ranae tresy 10CC!  200Ci 3000 40001 50001 60001 7000
S.ant REAZE imé G1os ce/s'  SGLO Zoo . ©4 L0 Telit  oCBe
uadrant elevaticn (kescling Iin aegrees anc Ve 1o B3 Ool &5 031 49 Q7 44 1o | 42 Ocl 40 10
sngle oI sTght =i sixteenihs Ol degree cO i be O/ 08 Ogi 90 CU- Jp 1:' 35 11
Angular height €. ., 40 11 = 4o 11710 cegrees U 1o l lor 30C < 7l © 04 5 CF
Devietlon {in miIis) :- Acove the horizonisad . Lol > 4e0 | Gol
; Above the line of sight ' 6.6 ] 3.7 1 5.1
Anple ol inclinstion (Feading ir legrees and minutes) C g 51 z6 01 . 16 14
Femaining velocity imetreg) | D04 | /< | <04
ol ilight (seconcs) 1 5.4 15,71 18.&
Fuse Groduat.onh (Secongs’ | T4.41 20,0 20.2
50j Darsl 4one (in mils) - Horizontai range | Y les izo
I Helght 124 108 100
‘ Direction i 7.1 5.5 36.3
50% Burst Zone (in mils) i~ Aingle ol signht ‘ 1.7 2,599 3,57
ingle of direction 1.85 4,09 5.12
relght varlation | Wltn Increase¢ of 1/16 of degree A 1,10 2,08 8,74
in metres [A) of firing angle 121,13 1.24 1.29
and » with Increase ol 1 meilre fA 2e9C, 4.b= ColO 2eUD| 2e0Z| 2400
Elevation Angle ' of muzzle velocity (B 0.02| C.04! ©.07{ ©€.10° 0.14' 0,18
variatlion s With increase ol 1 mm In [Am1eSS | =LlsaZ | =LleDO0| ~L407 | ~L,00 ] =£+00 | =~Zsv
in mils (B) | gensity {B 0,00 -0.01! -0.01] -0,02' -0.03| -0.05| -0.07
: | hivh increasé oi 1 dsgree In in Gefl i Oed0| Gao ‘x.lDl 4,83 5,63 S.62
| i stmospheric temperature 8 0,01- ¢.02! 0.03} 0.05' o0.08! o0,12| 0.18
i wWitn increase ol 1k in & 2046 Cecd S0l EIE) ©e00; .01 9,69
" weipnt of ciectile |B .02 | 0. 03 .03 0.02 | ®x0.02] 0.09 C.20
i ith 4 metre longitudinal 0.00] 0.C0 C.00
| (talllwing -0.78 | -C.83 | -0.85
Direciicn veriacion 1n mials noOVE Dorizontéi pleane . : 1,20, l1le29 1.41
wlith I metre cross wind :- ibove line of sizht ! | c.941 1,07 | 1.2z
Direction angle &CCcvs LNE ROYiZOhivha pL&OC Wilh 1 Tk ' ! i
direction angle above the line of sight (in mils) L z,121 2,24 1.671 1,41 1,28 1.20 1.15
arlatlon wIth T/I0Tt seCond <Iicrizoncal range (mecLres) r.ol ) Ia.J0 16327 E0CT ] 2. L8 €7.20 | 27.09
fuse gradustion Height (metres) ! 27.11 ! 24.486 | 21,15 7.22| 12.99 8.17 1 3.1%
inzular nelght (mils) { -0.18 -¢.38' -¢.57' -¢.77! -0.,981 -1.18 | -1,38
fuse gracustion Density ciun L omen 1€, 04Cc €. CL18 10,0150 (0. CI4c 0, 016% (0. 012 [0. 0216,
aCjustment in seconds:-rowder trein temperature plus 1 dez. 10.CC37 1C.0C41 10,0046 10,0052 0. 0C60 10, 0068 10,0078




HEIGHT 5000 metres - MUZZLE VELOCITY 720 metres. TYPE 90 4/A POINTED SHELL

@izontal Renge (metres] T000] 2000 | 30060 | 4000] &C00] 6000

Sisnt Range (mevres) 5055 5385 5831 6405 7C7 1 7810

uearant eilevation (hesding in Gegrees &and 79 117 70 C6 ] €2 05 | oo 06 o1 T47 46 14

Angle of Slght *x{sixteentns of degres 78 11| o6 631 589 Cli 51 Co| 45 00| 39 18

Anguier neignt (e.g., 4o 11 = 45 11/16 degrees 1 00 c Oz o> 0B £ 00 6 14 © 01

Devistion (in mils}] :- Above the horizontal 4.1 3.0 N L6 5.6 7.0

. Above the line of sight 0.8 1.3 2.0 2.9 S8 .3

Lingie of inclination (Reuding in Gdegress and minutbes) 76 411 65 EY 1 52 02 | 40 44| 26 50| lo 8b

Remairning veicclity {metres) 303 293 278 el 244 228

Time of flight (seconds) 1i.2 12.7 FER 15,9 15, & £1.7

Fuse Gracuatlions (seconds) 17.4 18.€ 2C.C 22,9 24.7 27 %

TC% burst <one (in mils) :- horizontal range 30 o -82 1CT 1.0 121

Helght 16¢ 147 1435 136 128 120

Direction 13.C 15.4 18.E 25.8 35.0 4.0

50% burst Zone (in mils) :- Angle ol sight 1.35 1.82 217 Z.5% 5a17 3.80

Angle of directlon 2. 67 3.02 3.45 4.09 4,328 C.1€

felgnt variation With Incresse ol 1/1¢ of degree A 1.17 2.2k 3.3 4,49 EE) €.E3

in metres {(A4) of firing angle B 1,13 1.15 1.17 1.21 1.25 1.8

and %ith increase of 1 metre A 5,75 .66 0.0 £.54 5.96 5.70

Tlevation Angle of muzzle velocity B 0.02 0.05 0.08 0.11 0.135 Q.20

variation With increase of 1 mm A=1.80] =1.96 | =2.C6 | =2.20| =2.,356] ~2.63

in mils (B) in density B 0.C0] ~0.01 | =C.C1 | -¢.c2| -C.04| -C.C6

With Increase of 1 degres in h 4,35 4.€6 S.1< Dol 6.50 Tead

atmospheric temperature 3 0,01 0.02 0.04 0.07 0.1C 0.18

With increase cf 1% in A O.&1 €. Co (1323 B.10] ©.417 11.CT

welght of projectile B-0.Cl| =C.C1 : -C.Cl | %0.C2 0.07 0.14

With 1 metre longltudinal 4 0.0G 0.00 0. 00 0.00 0.C0 0.CC

(tail) wind B=C.72 | -G.77 | ~0.83 | =C.89 1 -C.28| ~1.00

Direction veriation in mils Above horizontal plane 3.€0 2.C3 1.62 1.49 1.48 1.53

with 1 metre cross wind :- Above line of sight 0.71 0.75 0.83 0.83 1.0 1l.1is
Tirection angle sbove the norizontal plane witn I mll

dlrection angle above the line of sight (in mils) 5.10 2,89 1.4 1.80 l.41 1.20

Variation with 1/10tn second Horizontal renge (metres) 7.1 ] 14.20720.C00] 224887 28,217 31.32

fuge gredustion Helght (metres) S51.10 ! 28,90 | 25.683 | 21.42 | 16.43 ] 1C.77

Anpular height (mils) -C.21! -C.47 | =C.,72 1 -0,88| -1.24 1,51

Fuse gracdustion Densitiy pilus 1 mm 0. 018 1. G187 |G, C14% 0. C1e4 0. CI8E [0. 6=

adjustment in seconds;-rowder train tempereture plus 1 deg. 10.0045 0.0048 10.0053 10.0058 10.0064 {0.0071

- pg -



EEIGET 6000 metres - MUZZLE VELOCITY 72C metres - TYPE 90 4/A POINTED SKELL

Horizontal Range (meires) i X000T 20007 306G 4000 S500C{ 6000
Siarnt Range (metres) 6082 6329 67CE 7ell 7510 & 468
Quacrant elevation {(neaaing in Jegrses_and 61 111 74 Ol &7 061 62 0C: &7 1o1 oo 02
Angle of sight |, x»(sixteenths of degree . 50 09, 71 0% 635 07 ] o6 0o | 5¢ _Ce| 25 _CU
Argular helghp te.g., v 11 = 45 11715 degrees 1031 2 08 S 10 o 1l 7 117 10 Qo
Tevlietlon ({in mils) :- Above the horizontal [ Oed Y 0.5 €.E %

Above the line of sight 1.0 1.6 2.3 3.2 4.3 S.

Angle ¢of inclinstlion (ResClng in GEErees anG minutes) 77 DbO! ©C b4, o4 17 | 4e 45 | 30 42 1E 17
Hemaining velocity (metires) 257 2504 258 Lec Zii 1vb
Time of illgnt (seccnds) 14.9 Celi d7e0 1¢.4 2ce 1 23,0
ruse gradustions (seconds) 20.2 cl.1i  22.5 25,4 26.5 26,7 !
0% purst Zon€ (in mlils] :- Horlzontal range g 54 KL ) 10¢ 117
Helght 171 168 163 156 148 140

Direction 22.4! 28, 30.3 36.3 48.8 66.2

©C% burst Zone (in mils) - Angle of slgnt L4 1,90 2.3) 2,80 3.42 4.20
ingle of direction 3.91 4.28 4,74 5.45 6.50 £.00

Height varlation | Wiih Increase of I/IC degree A I.1Z] 2.85] 5.3y W& | C.72] €.92
in mefres (4) of firing sngie N B 1.14 1,16 1.18 1.22 1,27 1.3¢
and With increase of 1 metre A ©.43 ©.45 .42 €. 42 €.c1 6.72
Elevation Angle of muzzle velocity B 0.03 0. 06 c.c¢e C.13 C.17 ¢.2¢8
veriation in With Incresse of 1 mm A=Z.49 | -2.506] =2.87 | ~2.b2 | ~3.C&| =I.34
mils (B) in density B-0,01{ =0.01] ~0.02 1 -C,03 | =-C.C8 | ~C.07

With increase ol 1 cegree in A €.20 0.0 7.00 TecH B.50 ERY:

atmospheric temperature B C.02 0.04 C.08 0.08 0.14 0.20

With increase of 1% in A B.77 $.55] 10.23 | 11.41 ] 12.60| 14.8%

welght of projectile B-C,C1l} =0.C1 0.C2 0.06 C.12 C.22

Witk I metre longltudinel 4 C.CO C.0C C.00 ] 0.CcO07 C.00, 0.00

(tail) wing . BE-C.8¢1 -0,83] -0.89; -1,08 -1.12° -1.17

Direction veriatlcn in mils Abovs norizontel plane i B.29 €.58; 2.18 1.93 l.84 1.89
with 1 metre cross wind :-  Above line of signt P c.87 0.611 0.97 ¢ 1,071 1.18 l.3¢

Direction angle above the Lorizontal plene with I mIl

directlon angle sbove the line of sight (in mils) £,08 3.18| 2.24 1.80 1.8¢ 1.41
ariatlion wlith 1/I0%th seconc Horizoni&l range€ (meLres; Te20| L2e00] 20,00 [ 26,00 21.347 24,87
fuse graduvation Height (metres) 34.47 | 32.41| £8.94 | 24,28 | 12,81} 11,80
ingular Height (mils) -0.26 | ~0.57] -c.8& | -1.21! -1,5¢! -1,51
[Fuse gradustlion Density pius i mn C.0T47 1T, 015570 G166 0. 0Ie0 10, G155 [C.CaIl s
ad jugtment in seconds:-Powder irain temperature plus 1 deg. 1C.0CEE 10. 00851 0. 0059 [C.00C3 (€. 20569 1C. 0078 ¢

- gg -



90 A/A POINTED SHELL

HEIGHT 7000 mefres -~ MUZZLE VELOCITY 720 metres., TYFE

[Horizontal nange (metres) 1200 2C00 3600 40C0 5000
I§Tant range (metres) 0TS 7280 7615 2062 2602
Quaarent elevation (RewCing in 2egrees &nc 85 04 77 00 71 061 €6 13| 62 00
AngLe O sight s(sixteentns of degree Gl 4] 74 Q1166 131 60 04| 54 07
Anguler Height {€.8., 30 11 = 45 Ll/1lb degrees i 0o Z 10 4 08 © 09 8 15
Tevietlon (in mils) := Acove the horizontal G 7.2 7.0 7.6 8.6
! Above the line of sight 1.4 2.0 z.8 3.8 £.0
Angie of inclination (KesGing in degrees and minutes) 76 16! 66 23) 54 14[ 41 26§ 27 04
fiemsining velocity imetres) 2CY 205 195 152 1790
Time of flight (seconcs) 19,1 20.1 21.6 23.9 27,0
Tuse graqusation (seconcs) 22.5 28,6 24.9 28,0 °8, &
50% Burst zone (in mils) :- Lorizontel range © 45 ©9 85 3
Height 1862 187 181 173 166
Direction 3£.9 40.7 47.4 57.8 73.¢
50% furst Zone (in milis) :- Angle ol signt 1.04 2.0% 2.53 5,11 .81
sngle of direction S.33 5.6% 6,30 7.40 £.89
meight verlatlon | With increase of 1/18 degree A 1,19 £.25 O. bl 4,61 0.81
in metres (&) | _of firing angle B1.14] 1.17] 1.20] 1.24} 1.30
and i With increase of 1 metre A T.25 T.27 7.30 7.56 7.38
Zlevation Angle of muzzle velocity 2 0,03 .07 0.1 0,14 0.19
variation in Viith increase of 1 mm A=C. AT | “E.80] =3.387] -2,09Y] =&.90
mils (B) in densitvy 3-0.01 | -0.02| -0.03{ -0.05| =0,07
With inzcrease of 1 cegree in A 8,46 8.76 G.56] 10.09} 11.20
atmospheric temperature B .03 C.05 C. 05 0.13 C.19
Witn increzsse of 1% in A1Z,75 | 13,33 l4.32f 15,737 17.64
welght of projsctile B 0.0l .03 0.07 0.12 0.20
With 1 meire longltudinal A G UU U 00 ) <, 00 G. 00
(tail)wind B-1,07] -1.11) =1,17] -1.23] -1,31
DIrecilon variation in milis Apove norizontal plane T.5% S.90 Zo.92 CeD4 2e35
with 1 metre cross wind - Above line ol sight 1.85 1.08 1.15 1.25 1,37

DIrection angle above the horlzonial plane wiin I mil
direction angle above the line of sight (in mils) 7,07 3,64 2.54 2,02 1.72
Varlatlion with 1/.10th seconc norlzontal range (meires) 750 | 14.50[ 2C.35] 2€.80] 32.03
fuse gradusation Height (metres) 35.29 | 33.16| 25.60| 24.75| 12,87
anguler height (mils) “0,23 | ~G.87| ~1,021 «1,39! -1.79!
ffuse graduacion Density pius 1 mm 10.0188 10.C174 [0, 0185 [G. 01960, 020¥ |
jadjustment in seconds:-Powder train temperature plus 1 deg, 10.0C5% |C.0061 10,0065 [0.006¢!10.0C074!

- 0g -
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equipped with sun shades and walso have covers to protect
the windows when the instrument ls not in use.

The eyeplece unit conslsts of two rhomboid prisms, the ray
filter glasses and the eyeplece lenses (Flg 1-28) which
sre equipped with diopter adjustments (Flg. 1-28). The
rhombold prisms are mounted so that, with the eyepisece
lenses, they can rotate about the fixed centres of the
central prisms by moving the interpuplllary lever (Flg ) -
27) and thus asdjusting the interpupillary distances to the
Individual observer, the range llmits belng 56 to 74 nmm.
The ray filter system (Fig 1-28) allows the selectlon of
flve fliters for the syeplece lenses as follows: greenish
yellow, amber, clear, light blue and dark blulsh graen.

A rubber headrest (Fig 2-39) 1s provided for comfort end
agslstance to the observer while operating the instrument,

The body 1s equipped with two open sights (Filg 1-5) and
(F1g 1-10) mounted at one snd of the body and near the
eyoplece assembly respectively. The body is also equipped
with & tracking scope (Flg 2-17).

An internsl adjuster knob (Fig 1-8) 1s mounted at the left
snd of the body and is connected internaily with a rotating
wodge with an extremely small correction within the plane

of triangulatlon. Movement of this knob operates a scule
(Flg 1-22) which is graduated .n black from 50 to O and in
red from O to 50. The total movement of the knob 1s ten

and one helf turns., This adjJustment shifts the left image
horizontelly with a total movement approximeting the dlstance
between two adjacent reticle marks.

The renge adjusting knob (Figs 1 and 2-12) with a movement
of elght and one half turns, shifts the systsm of two wedges
horizontally in the body wlthout changlng thelr adjustment
and also moves the range measuring scale (Fig 2-14} to read
the proper range. Thls scale 1s gradusted in units which
ars probably metres from 400 to 20000, The scale also has
an Inflnlty mark and graduations from plus 10 seconds to
minus 10 seconds with the Infinity merk, In the centre, for
the purpose of obtalning correctlons to apply to the range.
The instrument 1s equipped with a two metre sighting bar
(F1g 2-20) to enable calibration at short ranges.

The helght adjuster knob (Flg 2-13) with a total moverart
of fourteen turns operates a glass plate wiich bends the
1light from the left objJective lens vertically, thereby
obtaining vertical coincidence of the two images for
stereoscople vision.

The instrument is equlpped with two change of power knobs
(Flg 2-4), onz al each end of the body. The magniflcation
of the instrument is 20 and turning the right knob counter
clockwlse and the left knod clockwiss one quarter of a

turn reduces the magnification of the instrument by removing
an internal lense at esch end of the tube from the system.

The instrument has a fleld of view of 20° 15'. The body
bears a nsmeplate with the trade mark N1KKO of the Jupanese
COptical Company, Tokyo, Japan,

3. CRADLE.

The basse of the cradle is fitted and locked with the tripod
locking whesl (Flg 2-21) to a removal tripod (Fig 1-38)

with edjustable feat (Fig 1-37) facllitating the levslling
of the instrument. The outer framée sectlon of
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Reticle lights

Renge adjusting and aligning knob (8% turns)
Height adjuster correction knob (14 turns)
Range scule window

Body saddles

Azimuth scale (640 graduations in mills)
Tracking scopse

Body

Battery box

Two metre sighting bar

Tripod locking whesl

Internal adjuster scale (graduated 1n black
from 50 to 0 and in red from O to £0)
Height locking button

Helght compensator knob (1 turn)
Elevation handwheel

Eye-pleces

Interpupillary adjustment lever and scals
Ray filter change lever and scale

Diopter sdjustments

Levelling screws for body

Azimuth handwheel

Azimuth gear change button

Azimuth engaging handwheel

Electrical switch box

Cradle

Tripod

Adjustable tripod feet

Traversing or azlmuth gear mechanism box
Rubber head rest

Elevating gesar mechanism housing.
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scale., (Fig 1-3). The true target speed may now be read
from the "target spsed curve" on the uppsr section of the
drum which falls opposlite the "observed target speed"
graduation on the fixed index scale (flg 1-4)., It will
be remembered that the "observed target speed", 1lu seconds,
was recelved from No. 2, who timed the flight from cross-
hairs to ellipse with hls stop watch. The corrected spesd
is called to the battery commander, who relays the inform-
ation to the guns.

THEOKY :

A, Course le: The angle of approach, or course angle
of a targof 8 determined in the followlng munaner:

(1) Flight of the target 1s observed as it moves from
the cross-halrs of the reticle of a telescope, to an
ellipse 1nscribed on the reticle in such a manner that the
cross-hairs form 1ts major snd minor axes,

{2) The reason for ths ellipse will be discussed under
target speed calculatlon.

(3) The periphory of the ellipse 1is Inscribed with cross-
graduations us shown in sketch No. 2. The gradusations are
in mlls, rrom zero at the bottom of thes minor axis, in a
clockwise direction to 6400, again on the bottom of the
minor axis.

(4) At 90 degrees elevation, the path of the targat will
be observed truly in the reticle. That 1s, 1f the target
moves from the cross-hairs and cuts the elllipss at 800 mils;
then 1ts true course angle 1s 800 mlls.

(5) At any elevetion other than 90 degrees, however,
the target will cut the ellipse at s mil vulue which 1s not
1ts true course angle. This discrepancy is due to the fact
that the path of the target in the horizontal plene 1s
being observed from an oblique angls.

(6) The corrvction of the observed course angle to the
true course engle 1s accomplished on the Inscribed plate
(5) and sliding scale (4) in fig. 3.

(a) The plate is inscribed with curves, plotted in
rectangular co-ordinates, for true course angles,
with angles of elevation as ordinates end observed
course engles as absclssas.

(v) The sliding scale (4) 1ls graduuted in mils from
0 at the left-hand side, to 6400 at the right.

{(c) The plate 1is graduated from zero degrees
slovation at the bottom, to 90 degrees elesvatlon
at the top on the left side.

(d) The sliding scele moves verticaily from 0 degress
to 80 degrees as the telescops elevates.

(o) At any instant then, the true course angle curve
may be read opposite the apparent course angle
gradustion on the sliding scale.
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B. Target Speed.

(1) Unit Speed: The velocity of a moving target In
thls prediction system is not measured in any of the
conventional units, such as "miles per hour", or "mstres
per second". The unit of speed 1s SECONDS. 4 velocity
of X seconds indlcates that a basic distance of 500 metres
was travelled in that time.

It is not known definitely Af this method of measuring
speed 1s In use in all the Japanese prediction mechanlsms.
Interrogation of & prisoner of war brought forth the
opinion that such a method 1s considered more efflclent,
in Japan, then eny of the "distance per unit of time"
systems.

The above opinion was apparently based on the theory
that 1t 1s easier to visuallse 500 metres belng traversed
in & given number of seconds than it 1s to concelve of
two or three hundred miles belng covered in an hour.

(2) Measurement of speed: The speed of the target 1=
computed by first measuring the distence travelled In a
glven length of time, then converting this to "seconds
required to fly 500 metres". The distence measurement
18 accomplished by solving simlilar triangles.

A point In space ls selected at some glven range and
altitude. Consider an lmaginary clircle with & radius of
500 metres drawn about that point in the horizontal plane.
When observed through the telescope of the computor, the
circle appears ellipticel, ss its horlzontel plane cuts
the cone of vision at an oblique angle. If the imsginary
ellipse 1s inscribed on the retlcle of the telescope with
the masjor and minor axes as cross-heirs, then, at the
glven conditions of runge and altitude, a target moving
from the centre of the reticle to the periphery of the
ellipse, in any direction, moves 500 metres.

On the instrument being treated, the selected polnt
in space was located at an anfgle of elevation of 45 degrees
and an altltude of 3000 metres. Thus a target flying at
3000 metres which appears to move from the cross-halrs
of the reticle to the ellipse, when the telescope is at
45 degrees elevution, trevels 500 metres.

Sketch No. 4
The speed of the target under
these conditions 1s equal to the D metres
number of seconds required for it
to move to the ellipse.

At any altitude other than
3000 metres, the simllar tri-
angles, (skstch No, 3), must be
solved to find the distance ropiLTes
travelled by the target. The 50 Tetlple )
speed in seconds may then be i
computed from the Distance D
and the observed time In
seconds.

l
|
|
{
|

At eny engle of elevation other than 45 degrees, the
ellipse 1s not a true representation of the circle of
500 metres radius in the horizontel plane. Thserefore a
correction from the apparent dlstance travelled to the
true distance must be spplied.
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Firing spring gulde.

Striker.

Firing spring.

Piring pin.

Firing spring follower.

Sear sapring.

Split striker stop and gulde bushing.
Trigger.

Trigger axls pin.

Trigger axis pin retaining ring.
Sear.

Pedestal coupling.

Pedestal adapter latch.

Pedestal adapter.

Muzzle cap.

Base plate latch,

Base plate.

Pedestal,
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(iv) Propellant:

Nitro cellulose 92.,2%
Diphenylamine 2.3%
DNT (dlultro toluene) 5,5%
Moisture content 1.9%

Note: A piece of metal foll 33" x 1" has been
removed from each cartrldge case to date. Its
chemical composition is :-~

Tin 60%
Lead  40%

Fuse Operation. (See diagrams: Figs 3 and 4)

The fuse is a polnt detonating, bore safe, self-arm-
ing, super-aensitive fuse., Upon firing, the arming
fork steys in the unarmed position due to inertia,
Upon leaving the muzzle, however, centrifugal force
causes the safety fork to move toward the outslde

of the fuze body, against the compresslon force of
the arming spring. This movemsnt cams the firing
pin toward the nose of the fuze slightly, to allow
the 1lips on the safety fork to slide under the
aluminium body of the striker, As soon as thse
safety fork 1s clear of the striker body, the striker
moves toward the rear agaln, due to the retardation
forces acting on the projectlile, and rests upan the
primer cap. The shell is now completely armed.

Upon impact the wooden plunger ls driven to the

rear, either by the shearing of the sealing disc or
crumpling of the nose, The firing pin penetrates
the primer, setting off the detonator and the filler.

Tracer,.

This tracer 1s not self destroying. The chemical analysis
and welght has been gilven, All the ammunition found to
date has contained tracer composition.

Propellant.

This 1s & very heavily graphite-coated single base
Nitrocellulose non-hygroscoplc powder containing a
large percentage of diphenylamine which serves the
function of a stabilizer, The DPA 18 present in
sufficlent quantity to act as a flesh reducing
agent. The gralns are a single perforated type
with an outside dlameter of approximately 1/16" and
vary in irregularly out lengths from 1/16" to 3/16",

A.P.Ammunition.

(a)

(b)

(¢)

This amaunltion differs from the H.E. in the pro-
Jectile only, It is a solid, pointed, hardened
steel body, with the same type and amount of tracer
composltion contained,

Identification pointa: Black polnted body with
white and green band mldway between the bourrelet
and rotating band,

Welght of projectile 5.5 oz,
Length of projectile 3% in.

NOTE: (1) The H.E., Ammunition was packed in the







































EFPECT OF

In attacking spectal positions (such as [lenk
defences) temperery neutrslizetion ls achieved through causing
casualtles among the deferders and rendering awnunition
temporarily unfit for use, Tc Insure success, folluw up an
attacl. with cxplcaives.,

Becaure of tlie black simcke and poiscnous goses
emitted 1t 15 lompossiltle feor the enemy te post fruah guuids
for sbout b to 10 minted.

In attecking machine gun nests 1f the flame ia
directed through the locp bole it will strike the side wall,
refract and remch every part ¢f the interior, Ir it is
directed from the slde st an snzle of way 45° thue rleming oll
will bit tho wall of the louop-hcle, refrsct amd penetrste the
interior.

If the flame 1s discharged in bursts, even if directed
blindly, it will resch the side wuall {interior?) effectively.

In attacking tanks the flawe-thrower can schileve the
effect of tcmporary neutrslizetion by ceausing casualtles cmong
the crew and by stopping the englines. Complete destruction
is possible if followed by attacks with explosives, However,
the best results are obtalned by setting fire to the
combustible parts of the tank's interior.

In experiments agzinst a PT type tanl: it wse found
that 1f the flame wos directed strzight at the turret only,
the gunner and crew would be Injurcd by the flame snd the
Intericr filled with black smoke making movement difficult
for the time being; but the engine would still be rurning.

If the fiame were directed at the turret loop-holes the
cgunners and drivor would be bLurned to death or injured and

the englne stopped because of insufficlent alr or setting fire
tc the spark rlug cables,

SAFETY OF PLAME-TIROWER'S CONSTRUCTION

1. Safety in attack.

With fuel snd gas preasure resdy for use, the [lame-
thrower can be dropped fror & hefght of from 1 to 2 metres
without aff'ecting the container, alrepressure, or eir-tight
seal.

2. Safoty ageinat Small Arms Fre.

With the flame-thrower charged, ready for use, a direct
hit cn the alr contalner by a 7.7 mm steel~}acketed bullet from
a distance of 100 metros will not cause 1t to explede or burst.
It the gsare test is spplled to the lower part of the olil
conteiner, fuel will spread over s radius of 74 metres, It the
upner part of the oll conteirnsr is hit, gas only will escape.

It will not burst or exploude,

Comment, : Yulnerakility to snipers.

Although the contairer may not explode, a direct hit
would render 1t useless; a hit with en incemdiary bullet on
the lower port of tho ceontalnuer would ignite the cornlerntg.
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OF TNGREDIENTS IN FLAME-THROWER MIXTURE

Kind of Tuel

Gasoline

Crude 01l

Kerosene

Characteristlcs | Sudden rise |Great heat, con- ] Easy combus-
in heat. stant i1gnition. tion, great
Repid Prolonged com- heat
combustion. |bustion. Very

heavy.

Notes regard- Decrease Prolongs com- Vary accord-

ing mixture during dry |bustion, ing to the
days or Increases proportions
Summer. distance. of gasoline
Increase and crude
during rainy oll.
and snowy
days or
Winter.

As dlrected

in manual 1 2 5

Summer ex~-

treme heat 1 3 [

Winter cold 1.5 2 ]

Rain & snow 2 2 [

Increase in

distance 1 3.5 )

Great penetra-

tion {attack-

ing tanks) 1 3.5 5

For use 1n

an emergency 1 1 -

when no kero-~

gene 1s

avallable 1 1 -

When no gaso-

line 1s

available - 2 4

For burning

out object-

ives 1 4 S




Metres

25 20 15 ic 5 o]
a
[
(=€
N

rerfect combustion Imperfect cZEEGSEESET\‘*‘\\—

1. Although the fuel is 1. If combustion is not Fuel loses density Xon-burning for
dense, 1t is extin- quite complete, 1t will immediately after abcut 2 or 3 metres
gulshed after pene- continue to burn after lgnlting. (Gischarged as a
trating objective. penetrating objective. liguicd)

2. As speed decresases, 2. Emite tlack smoke and
peretration 1s less. polsonous gas.

&, Because of great speed,
penetration is gocd.
Tse for temporary For attacks on particular Affected by mixture,
reutrelisaticn positions or MG nests, (Translator's note:
direct this part cf the Proportions of
flame into the interilor. ingredients therein}
Especially good for
attecking tanks.
Range of discharge -~ about 15 metres

BASIS ®CR SELECTING POSITIONS (DISTANCE) FOR USE OF FLANE-TEROWER.

of the three types of discharge (non burning, imperfect combustion and perfect combustion), a partlally
consumed dlscharge directed on the objectlve attslins maximum results. However, for momentary neutralisa-
tion, such &s initial subjugaetion of flank defences, s perfectly burning dlscharge will achleve the purpose.

~ a2l
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TYPES OF AMMUNITION (JAPANESE)

Sample. Type colour
1. 13 M/M Ball S.L. Black
2. 13 M/M Ball S.L. Black
3. 15 M/M A.P. S.L. White
4. 13 M/M A.P. S.L. White
5. 13 M/M Tracer S.L. Red
6. 13 M/M Tracer S.L. Red
T 7.7 Semi-Rimmed Tracer Green
8. 7.7 Rimmed Tracer Green
9. 7.7 Semi-Rimmed Ball Red

1C. 7.7 Rimmed A.P. Black
11. 7.7 Semi-Rimmed Tracer Green
1z, 7.7 Seml -Rimmed Tracer Gresn
13. 7.7 Rimmed Ball Black
14. 7.7 Rimmed-Semli A.P. Black
15, .256 Semi-Rimmed Ball Red.
18. 7.7 Semi-Rimmed Ball Red
17. 7.7 Rimless "Ball Red
18. 7.7 Rimmed A.P. Black
19. .256 Rimmed Ball Red
20. +256 Semi-Rimmed Ball Red
21. 7.7 Rimmed Ball Black
22. 7.7 Seml-Rimmed A.P. Black
23, «256 Rimmad Ball White
24, 7.7 Rimlesa Ball KRed
20. 7.7 Kimmed Tracer Incendlary hked
26. 7.7 Rimmed A.P. Black
~ L.
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