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The present invention relates to a means for causing 
magnetic tape or similar web material to be either en 
gaged by or disengaged from ‘a surface such as that 
found on a tape capstan driving system. More particu 
larly, the invention comprises the cooperative combina 
tion within a capstan or the like of a converging-diverging 
nozzle with a nozzle exit pressure controlling means to 
produce and move a shock front which effects an appro 
priate pressure differential across the magnetic tape. 

Pneumatic or other ?uid tape capstans or the like in the 
prior art generally require mechanical valve mechanisms, 
such as a spool valve, for selectively interconnecting any 
one of several different pressure sources to one side of 
a tape in order to either force it into contact with a sur 
face or move it away therefrom. These different pressure 
sources usually comprise positive pump means for pro 
viding pressure greater than the tape environmental pres 
sure, and vacuum pump means for providing a pressure 
lower than the tape environmental pressure. The speed 
of response of such a conventional valve mechanism is 
limited ‘by the relatively large inertia of the valve as well 
as the distance it must travel to effect the different pipe 
interconnections. The present invention, however, con 
cerns means using only one air source whereas a shock 
wave front is selectively moved to one of several posi 
tions in a converging-diverging nozzle so as to apply 
pressure greater than or less than atmosphericpressure 
to the tape. This requires only a very small rapid move 
ment of a mechanical valve element. Furthermore, be 
sides the faster mechanical switching there is also faster 
?uid switching since there is less volume of ?uid change 
required when utilizing the movable shock wave principle. 
The present invention is further advantageous since, by 
having fewer parts with lower tolerances, it is cheaper 
than the conventional prior art valve mechanism. An 
other advantage is that the present invention lends itself 
to a sufficient degree of miniaturization so that it be 
comes quite compatible with data processing systems 
utilizing pure ?uid ampli?er components. 

It is therefore one object of the present invention to 
provide a web gripping device in which a shock wave 
front within a converging-diverging nozzle is longitudi 
nally moved so as to change the pressure differential 
across the web from one polarity to the opposite polarity. 
Another object of the present invention is to provide 

a movable shock Wave front web driving capstan or the 
like wherein a novel mechanical valve means is employed 
which is stable in any one of several positions to which 
it is moved by an actuating signal. 
A further object of the present invention is to provide 

a multistable novel valve subcombination per se for con 
trolling the exit back pressure of an ori?ce or the like 
'by means of pulsed, rather than continuously applied, 
actuating signals. 
These and other objects of the present invention will 

become apparent during the course of the following de 
scription to be read in view of the drawings, in which: 
FIGURES 1 and 2 are respectively side and end eleva 

tion views of the novel movable shock wave front web 
engaging means; 
FIGURES 3A, 3B, and 3C illustrate the principle of 
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shock wave formation within a converging-diverging noz 
zle; 
FIGURES 4A and 4B illustrate the operation of the 

device in FIGURES 1 and 2; 
FIGURE 5 shows novel valve mechanism for use with 

the device of FIGURE 1; ‘ 
FIGURE 6 is a diagrammatic showing of the use of 

the present invention in controlling two capstans rotating 
in opposite directions; and 
FIGURES 7 and 8 show a single novel valve mechanism 

as employed in simultaneously controlling two shock 
' wave capstan members or the like. 
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In FIGURES 1 and 2, a stationary support body 10 
is shown in which is formed a ?uid conduit 12 having 
a converging entrance section 14 smoothly fairing into a 
diverging exit section 16 so as to form a restricted throat 
18 therebetween. Sections 14 and 16 together comprise 
a converging-diverging nozzle of well known shape for 
permitting adiabatic ?ow of compressible ?uid therein. 
A source 20 is connected to the inlet of converging section 
14 to supply the nozzle with a compressible ?uid, prefer 
ably air, at some particular entrance pressure. This ?uid 
?ows through the nozzle in the direction of arrow 22 and 
exits from the outlet or ori?ce 24 of diverging section 
16. Where the tape capstan is situated in the atmosphere 
and the air is utilized as the working nozzle ?uid, the 
nozzle ?uid exhausts into the atmosphere at atmospheric 
pressure. 
A hollow cylindrical capstan member 26 is rotatably 

attached to and about body 10 by means of bearings 28 
and 30. Several rows of apertures 32 are spaced about 
the periphery of the capstan at a longitudinal location 
designed to make contact with the tape or web 38. These 
apertures 32 permit communication of pressure from 
the inner surface of the capstan to the outer surface. 
As best shown in FIGURE 2, a portion of the outer sur 
face of support 10 is recessed about one-fourth of the 
way around its periphery to form a plenum chamber ad 
jacent to that portion of the capstan 26 which contains 
apertures 32. Consequently, as capstan 26 rotates each 
row of apertures 32 sweeps across the stationary plenum 
chamber so that the pressure in the latter is communicated 
to the exterior surface of the capstan. Furthermore, it is 
desirable in most applications that at least two rows of 
apertures be adjacent the plenum chamber at all times 
in order to maintain constant clutching action as the 
capstan turns. Rotation of capstan 26 may be effected 
‘by a driving belt 36 which is connected to power means 
not shown in the drawings. Plenum chamber 34 com 
municates with the interior of diverging section 16 by 
means of a ?uid passageway 40 which is connected to a 
port in the side wall of the nozzle. 
One feature of the present invention relies upon a 

change in exit pressure at the nozzle output to vary the 
position of shock wave generation within the diverging 
section in order to vary the pressure differential across 
the tape 38. A plate 42 is parallel to ori?ce 24 and is 
approximately of the same area when viewed along the 
direction of ?uid ?ow. This plate is movable in a direc-' 
tion along the longitudinal axis of the nozzle so as to oc 
cupy either the solid line position or the dotted line posi 
tion shown in FIGURE 1. When occupying the solid 
line position, the ?uid ?ow from outlet 24 is de?ected so 
as to ?ow into the atmosphere (in the case of the preferred 
embodiment) along a path between plate 42 and body 
10. If plate 42 is moved to its dotted line position, the 
?ow emanating from the nozzle is even more restricted 
so that the 'backpressure increases from that present for 
the solid line position. Consequently, plate 42 acts as a 
two-position valve for varying the nozzle exit pressure. 
A convenient way for moving plate 42 is the use of a 



3,263,886 
3 

permanent magnet 44 having a cantilevered pole piece 
46. Plate 42 itself forms the cross member of a U or 
cup-shaped member having sides 48 which are slidably 
?tted over pole piece 46. A voice coil 50 is securely 
wound about sides 48 with its ends connected to a po 
tential source selectively operated to send current of 
either one polarity or the other through the coil. In 
order to complete the magnetic circuit, a ferro-magnetic 
path 52 is provided for concentrating the lines of ?ux 
emanating from pole piece 46. Current of one polarity 
in voice coil 50 generates a magnetic ?eld which coacts 
with the permanent ?eld to attract voice coil 50 towards 
pole piece 46. This causes retraction of plate 42 to its 
solid line position, whereas current of opposite polarity 
in coil 50 causes its repulsion from pole piece 46 to thus 
position plate 42 in its dotted line position. 

Before explaining the operation of the device in FIG 
URES 1 and 2, a brief discussion is ?rst given of thermo 
dynamic principles involved in ?uid ?ow through a con 
verging-diverging nozzle like one shown in FIGURE 1. 
FIGURE 3A shows the pro?le of such a nozzle which 
is of the type permitting practically adiabatic ?ow of 
?uid therethrough. An adiabatic process is one during 
which no heat is transferred to or from the working 
?uid. In an ideal nozzle, where there is no ?uid fric 
tion loss, the adiabatic process is reversible, that is, 
isentropic. For the isentropic process, the entropy of 
the ?uid remains constant. An important parameter 
in nozzle theory is the “critical pressure ratio” for which 
maximum ?ow occurs. The value of the “critical pres 
sure ratio” depends upon the particular working ?uid 
and, for air, is a constant approximately equal to 0.53. 
There arethree locations 1, 2, and3 along the nozzle 
longitudinal axis at ‘which ?uid pressure values are of 
some importance. Location 1 is the inlet of the converg 
ing section while location 3 is the outlet of the diverging 
section. Location 2 is the throat of the nozzle which 
offers minimum cross-sectional area to ?uid ?ow. If 
the exit pressure existing at location 3 is less than the 
“critical pressure” (which in turn is determined by rnul 
tiplying the entrance pressure at location 1 by the “critical 
pressure ratio” for the particular working ?uid being 
used), then the “critical pressure” itself always exists at 
throat location 2, and pressures lower than this “critical 
pressure” exist everywhere else in the diverging section. 
For such an exit pressure less than the “critical pres 
sure”, the velocity of the ?uid' at the throat is equal 
to the speed of sound in said ?uid whereas the ?uid 
velocity beyond the throat is supersonic. 
To illustrate the above, refer to FIGURE 3A and as— 

some that the entrance pressure at location 1 is a value 
C where the ?uid utilized is air having a critical pres 
sure ratio of 0.53. Consequently, the “critical pressure” 
for the nozzle is equal to 0.53 O=D. In FIGURE 3B 
it is seen that the assumed exit pressure F is lower than 
this “critical pressure” D. For this case, the pressure 
distribution along the longitudinal axis of the nozzle 
has a pro?le indicated by the curve C-D-F, with the 
throat pressure being equal to the “critical pressure” D. 
The ?uid velocity at the throat is equal to the speed of 
sound, whereas ?uid in the divergent section of the noz 
zle ?ows at supersonic speeds. In other words, for an 
exit pressure of value F, the ?uid .adiabatically expands 
thus resulting in supersonic ?ow in the diverging sec 
tion and a throat pressure equal to the ?uid critical pres 
sure D as de?ned above. 

' If the exit pressure is greater than the ?uid “critical 
pressure”, for example value E in FIGURE 3A, then the 
?uid is adiabatically compressed while ?owing through 
the divergent nozzle section. For some particular value 
E, the pressure distribution in the nozzle assumes the 
path of curve C-D-E with the ?uid velocity in the diver 
gent section remaining subsonic. Now consider that 
the exit pressure is held at value G (FIGURE 3C) which 
is greater than the “critical pressure” D but less than 

15 

20 

30" 

4 
pressure E previously discussed. In this case, the pres— 
.sure distribution curve will follow the path C-D—J—K—G. 
As another example, if the exit pressure is of a value 
H also greater than the “critical pressure” but less than 
pressure G, then the pressure distribution curve follows. 
the path C-D-L-M-H. 

These last two pressure distribution curves are both 
shown in FIGURE 30 where it is seen that the ?uid flow 
in the diverging nozzle section has both supersonic and 
subsonic velocities at different locations in that section. 
The discontinuities J-K and L—M are compression shock 
waves which de?ne the boundary between supersonic and 
subsonic ?ow. In other words, for an exit pressure G, 
the supersonic ?uid leaving the throat has a pressure dis 
tribution shown by curve D-J, whereas it suddenly changes 
to subsonic ?ow in higher pressure range as represented 
by curve K—G. For an exit pressure H, supersonic ?ow 
abruptly changes to subsonic ?ow at the discontinuity 
L-M, with a consequent change in pressure from a rela 
tively low value to a relatively high value. The pres 
sure ratio existing across the shock wave may be ideally 
mathematically expressed as follows: 

where P11 is the pressure immediately upstream from the’ 
shock wave front, Pd is the pressure immediately down 
stream from the shock wave front, k is the speci?c heat 
ratio of the ?uid, Md is the Mach number of the down 
stream ?uid velocity, and M11 is the Mach number of the 
upstream ?uid velocity. Of particular interest in FIG 
URE 3C is the fact that the shock wave front can be 
shifted in location along the nozzle longitudinal axis ac 
cording to the value of the exit pressure. As will be 
subsequently explained, this phenomenon is utilized in 
FIGURES 1 and 2 in order to selectively change the 
polarity of the pressure differential across the tape 38_ 
so as to force it away from or clamp it to the capstan. 
However, it will be noted that the nozzle in FIGURE 1 
differs slightly from the ideal pro?le of FIGURE 3A 
in that the side wall of the diverging section 16 is out 
wardly relieved at the two shockwave locations 41 and 
43. The provision of such a relief at the origin of the 
shockwave (represented by the vertical wavy line) has 
a strengthening effect on the relative discontinuity of the 
pressure distribution across the front, thereby resulting 
in a better de?ned shock front. The passageway 40 can 
terminate in the sidewall of the downstream relief 43 
since the shock front appearing at said relief will originate 
at its downstream edge. > 
The operation of the device in FIGURES 1 and 2 

will now be described with particular reference to FIG 
URES 30, 4A, vand 4B. FIGURES 4A and 4B show 
the pressure distribution along the nozzle for each of 
two different exit pressures H and G on the order of 
those shown in FIGURE 30. It is assumed that source 
20 provides air to the inlet of converging section 14 at 
.a pressure 'C which is greater than the atmospheric pres 
sure shown by the dot-dash line. Plate 42 in its re 
tracted solid line position is assumed to produce an exit 
pressure H (FIGURE 4A) which is greater than the 
critical pressure and of a value to result in a shock wave 
being generated downstream from passage 40. The pres 
sure immediately upstream from the shock wave in FIG~ 
URE 4A is calculated to be less than atmospheric pres 
sure, at least in the vicinity of passage 40. This re 
lation of the upstream pressure to the environmental 
pressure may be insured by a proper selection of the input 
pressure C and exit pressure H. Therefore, the pressure 
communicated to plenum chamber 34 is below atmos 
pheric which thereupon causes tape 38 to be forced against 
rotating capstan 26. In being so clamped to the periphery 
of the capstan, tape 38 moves in the direction of its ro 

- tation. 

. To stop the motion of tape 38, current of proper 
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polarity is applied to voice coil 50 so that plate 42 is 
driven to its dotted line position. This position should 
be one to increase the exit back pressure from its initial 
value H to a higher value G which is calculated to cause 
the shock wave generation at a location upstream from 
passageway 40. For this condition, the pressure exist 
ing downstream from the shockwave must be above 
atmospheric pressure. Consequently, plate 42 in this 
position causes the pressure in passageway 40, and thus 
in plenum chamber 64, to be greater than atmospheric 
pressure so as to force tape 38 away vfrom the rotating 
capstan. 

It will be noted in FIGURE 1 that the ?uid exiting 
from ori?ce 24 impinges on plate 42 in a ‘direction paral 
vlel to the direction in which said plate has (freedom of 
movement. Consequently, the force exerted by this 
?uid jet on plate 42 tends to maintain it at, or return it 
to, its retracted solid line position. When plate 42 is 
to be moved to its dotted line position the coil 50 cur 
rent must be large enough to generate a force over 
coming the ?uid jet force, and in all probability must 
be maintained for the duration of the time during which 
tape 38 is to be lifted away from the rotating capstan. 
It is desirable to have a multi-stable valve arrangement 
whereby the restricting plate maintains the last position 
to which it is moved without need for the constant 
presence of an energizing signal. Such an arrangement 
is shown in FIGURE 5, which can be used not only 
for controlling the exit pressure of the nozzle shown 
in FIGURE 1, but may also be used with other capstan 
nozzles operating on .a different principle from that ex 
plained above. 

In FIGURE 5, the pole piece 60 of a permanent mag 
net 62 is placed adjacent to ori?ce 24 of diverging section 
16. The end ‘face or surface 166 of pole piece 60 is 
shaped to provide an arcuate smooth path to the exit 
ing ?uid in order to change its direction from a path 
which is parallel to the ori?ce ?ow axis to a path which 
is substantially normal to this ?ow axis. A hollow 
cylindrical sleeve member 64 is slida-bly ?tted over the 
permanent magnet so that it is (free to move in either 
direction along the ori?ce ?ow axis. A voice coil 66 
is securely wound about sleeve 64 to selectively generate 
a magnetic ?eld for coacting with the [?eld of the mag 
net. In order to complete the magnetic circuit of the 
permanent magnet, a ferromagnetic ?ux path 68 is pro 
vided for concentrating the flux emanating from pole 
piece '60. Thus, current of one polarity in voice coil 
66 generates a magnetic ?eld which coacts with the 
permanent magnet ?eld in order to move sleeve 64 to 
the right. ‘On the other hand, current of opposite polar 
ity in coil 66 causes the generation of an electromag 
netic ?eld to move sleeve v64 to the position shown in 
FIG. 5. In order to limit the travel of sleeve 64 in 
either of these directions, a ?ange 70 may be provided 
about the periphery {of sleeve '64. Stationary abutments 
72 and 74 are provided against which ?ange 70 strikes 
when sleeve 64 moves to the left or right, respectively. 
A-butments 72 and 74 in turn may be attached to a 
viscoelastic material 76 which substantially dissipates the 
kinetic energy of the moving sleeve. 

Another constructional feature in FIGURE 5 is the 
provision of a port 78 in the end surface of pole piece 
60 {for directing a small portion of the emerging ori?ce 
?uid into passageway ‘80. Radially extending from pas 
sageway ‘80 are two channels '81 and 82 which exit in 
the side surface of the permanent magnet adjacent to 
the inner surface of sleeve 64. Thus, an air ?lm is 
created ‘be-tween the permanent magnet ‘and sleeve 64 
over which the latter slides with but little friction. 
With sleeve 64 disposed as illustrated in FIGURE 5, 

its end nearest ori?ce 24 extends past the arcuate sur 
face 63 of the pole piece so as to reduce the effective 
cross-sectional area of the path into which the ?uid is 
diverted. The ?uid strikes the inner surface of sleeve 
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6 
64 in a direction substantially normal thereto so that 
little or no force is applied to cylinder 64 in the direction 
in which it has freedom of motion. ‘In other words, 
no horizontal force is applied by the emerging ?uid 
which would tend to move sleeve 64 from its leftmost 
position to its rightmost position. This is a desirable 
feature since current need not be continuously applied 
to coil 66 after sleeve 164- has been moved to its leftmost 
position. If sleeve '64 is now moved to its rightmost 
position by a current of proper polarity, the ?uid ?ow 
in its new de?ected path is less restricted than before so as 
to decrease the exit lback pressure. Again, having once 
moved sleeve 64 to its rightmost position, the current in 
coil 66 can be discontinued until it is time to once again 
move sleeve 64 to its leftmost position. Consequently, 
the absence of a horizontal load on sleeve 64 eliminates 
the necessity to supply a continuous signal to coil 66 in 
order to hold sleeve 64 in any one of its selected posi 
tions, thereby creating a multi-stable valve. 
The type of nozzle operation used in moving the tape 

will dictate whether sleeve 64 should stop the air flow 
completely, or merely restrict the air ?ow. For exam 
ple, if the nozzle in FIGURE 1 is employed, which uses 
the shock front to move the tape, then sleeve 64 need 
only restrict the air ?ow but not stop it completely. 
In this case sleeve 64 may have apertures in its periph 
ery or may be constructed of a porous material. On 
the other hand, other prior art capstans may require 
that the nozzle exit be blocked completely in order to 
build up su?icient pressure to move the tape. For this 
case, sleeve "64 could be made of non-porous material 
and have a leftmost position such that it actually abuts 
against body 10. ' 
The sliding sleeve arrangement shown in FIGURE 5 

is especially useful for selectively permitting only one of 
two oppositely and constantly rotating capstans to be 
effective in moving magnetic tape. Such an arrange— 
ment is illustrated in FIGURE 6 which shows a capstan 
84 constantly rotating in the counterclockwise direction 
and a capstan 86 constantly rotating in the clockwise di 
rection. Each capstan is mounted on a stationary body 
whose exterior surface contains a plenum chamber (88 
for capstan 84 and 90 for capstan '86), both chambers 
being shown in phantom in FIGURE 6. Nozzles 92 
and 94 are both stationary and are disposed about the 
same longitudinal axis with their ori?ces (facing one 
another. As best shown in FIGURE 7, which is a cross 
sectional view taken of capstan 84, the stationary sup 
port member 96 contains both bearings 98 and 100 on 
which the capstan rotates, as well as being the con?ning 
surface for nozzle 92 and plenum chamber 88. Com 
munication is effected ‘between plenum chamber 88 and 
the diverging section of the nozzle by means of a passage 
way 102 which is tapped from the nozzle side wall at a 
point intermediate the two shock wave locations pre 
viously discussed in connection with FIGURES 1 and 2. 
Apertures 104 are provided in 184, which in turn may 
be rotatably driven by the belt 106. 
FIGURE 8 illustrates the manner of simultaneously 

controlling the exit pressures of nozzles 92 and 94 by a 
single unitary mechanism similar to that shown in FIG 
URE 5. A permanent magnet 110 is situated between 
the nozzle ori?ces along their common ?ow axis, with 
each pole piece 112 and 114 being shaped to de?ect ?uid 
emerging from the associated ori?ce into a path which is 
normal to the ?ow axis. A single sleeve 116- is slidably 
?tted about magnet 110 so that it is free to move in either 
direction along the ori?ce ?ow axis. A ?ange 118 is pro 
vided about the periphery of the sleeve ‘for striking the 
abutments 120 and 122 in order to limit sleeve travel in 
either direction. As in FIGURE 5, abutments 120 and 
122 may be attached to the viscoelastic material 124 and 
126, respectively, in order to dissipate the kinetic energy 
of the moving sleeve. A ?ux path material 128 surrounds 
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the sleeve in order to concentrate the magnetic ?elds 
which are present in the device. ' 
A voice coil 130 is securely wound upon the outer pe 

riphery of sleeve 116 in order to selectively produce a mag 
netic ?eld of one polarity or the other to thereby change 
the longitudinal sleeve position. In order to permit mini 
mum current to move the sleeve, channels 132 and 134 are 
drilled in pole pieces 112 and 114, respectively, so that a 
small portion of the air emerging from the respective 
ori?ce is diverted to the space between the side surface of 
the pole piece and the inner surface of sleeve 116 in order 
to provide a ?lm of substantially frictionless air on which 
the sleeve actually rides. 
With sleeve 116 disposed as illustrated in FIGURE 8, 

that is, in its leftmost position, the air emerging from noz 
zle 94 is free to follow an unrestricted path’ to result in a 
back pressure value sui?cient to form the shock wave 
front downstream from the connection to plenum chamber 
90. At this time, the pressure in plenum chamber ‘90 is 
below atmospheric so as to clamp tape 108 to the surface 
of capstan v86 and thus impart to it the left to right mo 
tion shown in FIGURE 6. At the same time, sleeve 116 
projects beyond pole piece 112 in a manner to impede the 
progress of ?uid [from nozzle 92. Consequently, the back 
pressure existing in nozzle 92 is suf?ciently high to cause 
the generation of a shock wave front upstream from pas 
sageway 102, which in turn creates a pressure differential 
across tape 108 of a polarity to force said tape away from 
capstan 84. Tape 108 is therefore operatively connected 
to only one of the rotating capstans. Since the ?uid from 
nozzle 92 strikes sleeve 116 at an angle substantially nor 
mal to the direction in which sleeve 116 is free to move, 
it is ‘seen that no (force is applied which would tend to 
move sleeve 116 away from its leftmost position. There 
is no need to constantly maintain the energization coil 
130 in order to keep sleeve 116 in its illustrated position. 
When it is desired to move tape 108 in the right to left 

direction, coil 130 has applied to its a current of proper 
polarity to move sleeve 116 to its right-most position so 
that ?ange 118 abuts against material 122. For this posi 
tion, sleeve 116 projects beyond pole piece 114 in order 
to impede the ?uid from nozzle 94 and thus increase its 
exit pressure to a value su?icient to make the pressure in 
plenum chamber 90 greater than the pressure of the atmos-_ 
phere. This forces tape 108 away form capstan 86 so that 
said capstan no longer is effective in moving the tape. At 
the other nozzle 92, sleeve 116 is now retracted to a posi 
tion which increases the effective cross-sectional exit area 
through which the now diverted ?uid ?ows. This in 
turn reduces the exit pressure to a value suf?cient to create 
a vacuum in plenum chamber 88 so that tape 108 is at 
tracted to capstan 84. The energization of voice coil 130 
here need only last long enough to move sleeve 116 to 
its rightmost position, since the force from the ?uid im 
pinging on its inner surface from nozzle 94 acts in a direc 
tion normal to the direction in which sleeve 116 can 
move. Consequently, no horizontal force is applied to 
sleeve 116 which would tend to move it back from its 
rightmost position back to its leftmost position. 
While preferred embodiments of the invention have 

been shown and described, many modi?cations may be 
made thereto by those skilled in the art without depart 
ture [from the novel principles de?ned in the appended 
claims. ‘ 

The embodiments of the invention in which an exclu 
sive property or privilege is claimed are de?ned as IfOl 
lows: 

1. A sheet material engaging device which comprises: 
(a) a member having an outer surface adapted for 

contact/‘with sheet material situated adjacent to said 
outer surface in ‘an environment of some particular 

a pressure, said outer surface having at least one aper 
ture therein which'extends through to an inner sur 
face of said member; ' 

(b) a nozzle-like ?uid ?ow conduit including a converg 
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8 
ing inputsection smoothly faired with adiverging 
output section; 

(c) ?rst means supplying compressible fluid at a par 
ticular entrance pressure to the inlet of said converg 
ing section, said entrance pressure being greater than 
the environmental pressure; 

(d) second means selectively aotmable to establish 
either a ?rst or a second exit pressure at the outlet 
of said diverging section, both of which are less than 
said entrance pressure but greater than the environ 
mental pressure and the nozzle critical pressure for 
said ?uid so that a shock wave front is generated in 
the ?uid at either a ?rst or a second predetermined 
longitudinal location, respectively, in said diverging 
section, with the static ?uid pressure immediately up 
stream from said wave front being less than the en 
vironmental pressure and the static pressure im 
mediately downstream from said wave front being 
greater than the environmental pressure; 

(e) at least one port in the side wall of said diverging 
section at a longitudinal location between said ?rst 
and second predetermined shock wave locations; and 

(if) third means for transmitting the static ?uid pres 
sure at said port to the aperture in the inner surface 
of said member. 

2. A device according to claim 1 wherein the side wall 
of said diverging section is outwardly relieved at both 
said ?rst and second predetermined shock wave loca 
tions in order to produce a better de?ned shock front. 

3. A device according to claim 2 wherein said port is 
located in the relieved side wall at the shock wave lo 
cation which is furthest downstream. 

4. A device according to_ claim 1 wherein the ?uid 
from said diverging section issues into the environment 
via an ori?ce, and said second means includes guide means 
situated exterior to said ori?ce for de?ecting at least a 
portion of the ?uid issuing therefrom from a ?rst flow 
path along the ori?ce ?ow axis to a second ?ow path 
substantially normal to said ?ow axis, with a member 
selectively movable in a plane substantially normal to 
said second ?ow path for obstructing the ?ow of ?uid 
therein. 

5. A device according to claim 4 wherein said guide 
means is symmetrical about said ori?ce ?ow axis such that 
said ?uid portion is de?ected to at least two opposed 
sides of said axis, and said obstructing member is 'a hol 
low sleeve entirely surrounding at least said two opposed 
sides of said ?ow axis which is movable in either direc 
tion parallel thereto. , 

6. A device according to claim 1 wherein said member 
is a movable capstan. ' 

7. A device according to claim 1 wherein said member 
is a hollow cylindrical capstan mounted on said conduit 
for rotation about its longitudinal axis and whose outer 
surface having 1a plurality of apertures therein spaced 
along‘ the direction of rotation, and said third means 
includes a plenum chamber located next to the inner sur 
face of said capstan member which is of a size in the 
direction of rotation which is su?icient to always simul 
taneously register with at least two of said apertures. 

8. A device according to claim 7 wherein the side 
wall of said diverging section is outward'ly relieved at 
both said?rst and second predetermined shock wave 10 
cations in_ order to produce a better de?ned shock front, 
and said port is located in the relieved side wall at the 
shock wave location which is furthest downstream. 

9. A capstan device for engaging a web in order to 
transmit motion thereto, which comprises: 

(a) a stationary nozzle-like ?uid ?ow conduit includ 
ing a ‘converging input section smoothly faired with 
a diverging output section, which in turn terminates 
in an ori?ce exposed to an environment of some par 
ticular' pressure; 

'(b) a hollow cylindrical capstan member mounted on 
said conduit for rotation about its longitudinal axis, 
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said capstan member having an outer surface adapted 
for contact with a web situated adjacent to said outer 
surface in said environment, said outer surface hav 
ing a plurality of apertures therein spaced along the 
direction of rotation each of which extends through 
to an inner surface of said capstan member; 

(c) ?rst means supplying compressible ?uid at a par 
ticular entrance pressure to the inlet of said converg 
ing section, said entrance pressure being greater 
than the environmental pressure; 

(d) guide means situated exterior to said ori?ce for 
de?ecting at least a portion of the ?uid issuing there 
from from a ?rst ?ow path along the ori?ce ?ow 
axis to a second ?ow path substantially normal to 
said flow taxis; 

(e) a member selectively movable to ?rst and second 
positions in a plane substantially normal to said sec 
ond ?ow path so as to respectively establish either a 
?rst or a second exit pressure at the outlet of said 
diverging section, both of which are less than said 
entrance pressure but greater than the environmental 
pressure and the nozzle critical pressure for said 
?uid so that a shock wave front is generated in the 
?uid at either a ?rst or a second predetermined lon 
gitudinal location, respectively, in said diverging sec 
tion, with the static ?uid pressure immediately up 
stream from said wave front being less than the en 
vironmental pressure and the static pressure immedi 
ately downstream from said wave front being greater 
than the environmental pressure; 

(f) at least one port in the side wall of said diverging 
section at a longitudinal location between said ?rst 
and second predetermined shock wave locations; 

(g) a plenum chamber located next to the inner sur 
face of said capstan member, said plenum chamber 
:being of a size in the direction of rotation which is 
sufficient to always simultaneously register with at 
least two of said apertures; and 

(h) a passageway connecting together said port and 
said plenum chamber. 

10. A device according to claim 1 wherein the side 

10 

15 

20 

25 

30 

35 

40 

10 
wall of said diverging section is outwardly relieved at at 
least one of said ?rst and second predetermined shock 
wave locations in order to produce a better de?ned shock 
front. 

11. A device according to claim 10 wherein the side 
wall of said diverging section is outwardly relieved at at 
least the shock wave location which is furthest down 
stream. 

12. A device according to claim 1 wherein the side 
wall of said diverging section is outwardly relieved at at 
least the predetermined shock wave location which is 
furthest downstream in order to produce a better de?ned 
shock front and said port is ‘located in the relieved side 
wall »at said last named llocation. 

13. A device according to claim 9 wherein the side 
wall of said diverging section is outwardly relieved at at 
least one of said ?rst and second predetermined shock 
wave locations in order to produce a better de?ned shock 
front. > 

14. A device according to claim 9 wherein the side 
wall of said diverging section is outwardly relieved at at 
least the predetermined shock wave location which is 
furthest downstream in order to produce a better de?ned 
shock front and said port is located in the relieved side 
wall at said last named location. 

15. A device according to claim 14 wherein the side 
wall of said diverging section is further outwardly relieved 
at the predetermined shock wave location which is furthest 
upstream. 
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