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3,554,673 
SYRINGE PUMP 

Joel M. Schwartz, White Plains, and Daniel F. Krebs, 
Yonkers, N.Y., assignors to Sage Instruments, Inc., 
White Plains, N.Y., a corporation of New York 

Filed Jan. 31, 1969, Ser. No. 795,572 
Int. C. F04b 7/00, 17/00 

U.S. C. 417-412 4 Claims 

ABSTRACT OF THE DISCLOSURE 
The motors for the separately reciprocating drive mech 

anisms of a two barrel syringe pump are provided with 
electric control circuits and switches which are actuated 
by the reciprocating drive mechanisms and which cause 
a fully withdrawn syringe to commence infusion just be 
fore the other syringe completes infusion, the switches 
also causing solenoid valve means to operate in phased 
relation to the infusion of the syringes whereby the inful 
sion is carried out at a constant rate without perceptible 
interruptions or surges when the infusion of fluid changes 
over from one syringe to the other and back again. 

BACKGROUND OF THE INVENTION 
(1) Field of the invention 

This invention relates to syringe pumps, and more par 
ticularly to two barrel syringe pumps designed to con 
tinuously infuse the fluid being pumped at a constant, 
predetermined rate. 

(2) Prior art 
A typical syringe pump comprises a syringe and a 

reciprocating drive mechanism for moving the plunger 
of the syringe forwards and backwards within the barrel 
of the syringe. The syringe is connected by appropriate 
tubing and valves to a source of reservoir of the fluid be 
ing pumped and to the body or other object to which the 
fluid is being delivered. Movement of the syringe plunger 
away from the fluid opening at the bottom of the syringe 
barrel withdraws fluid from the fluid reservoir (herein 
after referred to as the "withdrawal' phase of operation 
of the pump) and movement of the syringe plunger to 
ward the fluid opening of the syringe barrel delivers fluid 
to the body or other object (hereinafter referred to as the 
"infusion' phase of operation of the pump). The syringe 
of a syringe pump is usually removable so that it can be 
cleaned or replaced by a syringe of a different size. Such 
pumps provide uniform, accurate and reproducible infu 
sion of fluids and are useful in a wide range of applica 
tions in analytical, medical, biological and industrial areas. 
When the syringe pump comprises only one syringe 

and drive mechanism, the infusion of the fluid by the 
pump is interrupted when the syringe plunger reaches the 
bottom of the syringe barrel, and infusion cannot be re 
sumed until the plunger has been withdrawn and the 
syringe barrel refilled. Continuous infusion can be ob 
tained by the use of two syringes operated by separate 
drive mechanisms, the infusion and withdrawal phases of 
the two syringes being staggered so that one syringe will 
always be infusing while the other syringe is withdrawing 
and refilling. Although such double acting, two barrel 
syringe pumps are capable of substantially continuous 
infusion, there can be a short but perceptible interruption 
in the infusion of fluids, or even a reversal in the direc 
tion of flow of the fluid being infused, when one syringe 
stops infusion, or even starts to withdraw, before the 
other syringe commences infusion. 

It has heretofore been proposed to avoid the interrup 
tion, and especially the momentary reversal in direction, 
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of the fluid being infused by providing mechanically op 
erated valve means for the inlet and outlet tubes of the 
Syringes of a two barrel syringe pump which delay the 
opening of the outlet tube of the syringe just beginning its 
infusion phase until this syringe has built up sufficient 
pressure to overcome the back pressure in the infusion 
line of the pump. However, as the other syringe is begin 
ning its withdrawal phase of operation the valve means 
for the outlet tubing of the latter syringe must be closed 
before the outlet valve of the first syringe is opened. As 
a result, a perceptible interruption in the infusion of 
liquid remains. 

After an intensive investigation into the problems in 
volved in the design of a syringe pump capable of in 
fusing a fluid at a constant, controlled rate without inter 
ruptions or perceptible fluctuations in the rate of delivery 
of fluid when the infusion of one syringe stops and that 
of the other commences, we have discovered that a two 
barrel syringe pump capable of meeting these require 
ments must carry out alternate infusion and withdrawal 
phases in a prescribed and critical sequence of opera 
tional steps. Specifically, we have found that a fully 
withdrawn and filled syringe must start infusion before 
the other syringe completes its infusion phase of opera 
tion. Moreover, the closure of the inlet valve and the 
opening of the outlet valve of the first syringe must be 
delayed until after this syringe has commenced infusion 
So that, momentarily at least, the first syringe is pumping 
back to the fluid reservoir. Finally, we have found that 
the opening of the outlet valve of the first syringe and 
the closure of the outlet valve of the second syringe must 
take place at essentially the same moment. 

SUMMARY OF THE INVENTION 

The improved syringe pump of our invention is adapted 
to carry out the aforementioned essential sequence of op 
erational steps and comprises, in its basic components, 
two syringes each adapted alternately to infuse and to 
withdraw a fluid being pumped, a reciprocating drive 
mechanism for each syringe and valve means for alter 
nately opening and closing the fluid inlet and fluid outlet 
lines of each syringe in operational relationship with re 
spect to the infusion and withdrawal phases of operation 
of syringes. Separately controlled eelctric motors are con 
nected to each drive mechanism in our improved struc 
ture, and first and second motor control means actuated 
by the reciprocating drive mechanisms are provided for 
operating each of the separately controlled motors. Each 
motor control means is adapted to complete the with 
drawal phase and start the infusion phase of operation 
of the motor to which it is connected before the other 
motor completes its infusion phase and starts to with 
draw fluid. 

In the preferred embodiment of our invention each 
motor control means has a controlled infusion circuit for 
operating the motor to which it is connected in the direc 
tion of fluid infusion at a controlled variable speed and 
a rapid withdrawal circuit for operating the motor in the 
direction of fluid withdrawal at a higher speed than the 
maximum speed of fluid infusion. The valve means com 
prise first solenoid means for simultaneously closing the 
inlet of the first of the two syringes and the outlet of the 
second of the two syringes, and second solenoid means 
for simultaneously closing the outlet of the first syringe 
and the inlet of the second syringe. Each motor control 
includes electric switch means actuated by the reciprocat 
ing drive mechanisms when the drive mechanisms reach 
each end of their reciprocating paths of travel, the switch 
means being connected to the controlled infusion circuits 
and to the rapid withdrawal circuits of the first and second 
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motor control means and being connected to the first and 
second solenoid means. 

In accordance with our invention, the drive mecha 
nism for the first syringe causes the Switch means to 
energize the controlled infusion circuit of the Second 
motor control before de-energizing the controlled infu 
sion circuit of the first motor control and before energizing 
the second solenoid means when said first drive mecha 
nism reaches the end of its controlled infusion direction 
of travel. In like manner, the drive mechanism in the 
second syringe causes the switch to energize the controlled 
infusion circuit of the first motor control before de 
energizing the controlled infusion circuit of the second 
motor control and before energizing the first solenoid 
means when said second drive mechanism reaches the 
end of its controlled infusion direction of travel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The improved syringe pump of our invention will be 

better understood from the following description thereof 
in conjunction with the accompanying drawings of which 
FIG. 1 is a plan view, partly broken away, of an advan 

tageous embodiment of the two-barrel syringe pump of 
our invention. 

FIG. 2 is a side elevation, partly broken away, of the 
syringe pump shown in FIG. 1, 
FIG.3 is a schematic diagram of the fluid tubing lay 

out of the pump shown in FIG. 1, and 
FIG. 4 is a schematic diagram of an electrical circuit 

adapted to carry out the essential sequence of operations 
characteristic of the improved syringe pump of our inven 
tion. 

DETAILED DESCRIPTION 

The embodiment of the syringe pump of our invention 
shown in FIGS. 1 and 2 of the drawing comprises a 
housing 10 having a top plate 11 on which most of the 
operating elements of the syringe pump are mounted. 
Adjustable syringe holders 12 and 13 are mounted on 
the top plate 11, each syringe holder being adapted to 
hold a syringe 14 and 15 as indicated by the dotted lines 
in FIGS. 1 and 2. The holders 12 and 13 are adjustable 
so that syringes of various sizes can be mounted therein, 
the syringes 14 and 15 preferably being substantially 
identical in size. Separately controlled drive mechanisms 
16 and 17 are mounted on the top plate 11, each drive 
mechanism being adapted to move the plunger of one 
of the syringes backwards and forwards in a reciprocating 
path of travel. Also mounted on the top plate 11 are 
solenoid operated valve means 18 for opening and closing 
the inlet and outlet lines of the syringes 14 and 15 as 
required for the proper operation of the syringe pump. A 
power line 19 and fuse holder 20 are mounted on one side 
of the housing 10, and the main "on-off' switch 21 and 
pilot light 22 are mounted on the other side of the hous 
ing. Also mounted on the housing are the variable speed 
controls (i.e., rheostats) 23 and 24 for the drive mecha 
nisms 16 and 17 of the device. 

In the embodiment shown in the drawing, the drive 
mechanisms 16 and 17 have separately reciprocating drive 
carriages 26 and 27 to which the plungers 28 and 29 of 
syringes 14 and 15 are secured by adjustable plunger 
clamps 30 and 31. The drive carriages 26 and 27 each 
comprise a box-like structure having a longitudinal ex 
tending rack 32 and 33, respectively, which are engaged 
by drive pinions 34 and 35, respectively. Idler gears 36 
and 37 are disposed on the other side of each drive car 
riage 26 and 27. As shown in FIG. 2, the drive pinion 
35 of drive carriage 27 is driven through a reduction 
gear train 39 by a reversible, variable speed motor 41. 
The drive pinion 34 of drive carriage 26 is driven through 
a similar reduction gear train 38 and reversible, variable 
speed motor 40 that cannot be seen in the drawing. 
The reversible, variable speed motors 40 and 41 are 

each connected to motor control means which operate the 
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4. 
motor associated therewith at a controlled variable speed 
when the motor is moving the drive carriage driven there 
by in the direction of fluid infusion, the motor control 
means having a controlled infusion speed circuit for this 
purpose. Each motor control means also operates the 
motor associated therewith at a constant rate of speed 
that is higher than the maximum rate of speed that is 
higher than the maximum rate of speed in the direction 
of controlled infusion when the motor is moving the 
drive carriage in the direction of fluid withdrawal, the 
motor control means having a rapid withdrawal speed 
circuit for this purpose. The controlled infusion circuits 
(which include the rheostats 23 and 24) and the rapid 
withdrawal circuits of the motor control means are con 
ventional and are not described in detail herein. The 
motor control means for the motors 40 (not visible in 
the drawing) and 41 also include lever switches 42 (not 
visible in the drawing) and 43 which are operated by 
the reciprocating drive carriages 26 and 27, respectively, 
when these drive carriages reach each end of their recipro 
cating paths of travel. To this end, the drive carriage 26 
is provided with adjustable limit stops 44 and 45 which 
alternately contact and move the lever 46 of the lever 
Switch 42, and the drive carriage 27 is provided with 
adjustable limit stops 47 and 48 which alternately contact 
and move the lever 49 of the lever switch 43, when the 
drive carriages reach each end of their reciprocating 
paths of travel. 
The solenoid operated valve means 18 comprises a valve 

anvil 50 formed with two pairs of transverse slots 51 and 
52 adapted to receive the inlet and outlet lines or tubing 
of the Syringes 14 and 15 and with a longitudinal slot 53 
adapted to receive two plate-like valve members 54 and 
55. The valve member 54 is positioned in the longitudinal 
slot 53 directly above the tubing disposed in the pair of 
transverse slots 51, and the valve member 55 is disposed in 
the slot 53 directly above the tubing disposed in the pair 
of slots 52. Moreover, the valve member 54 is connected 
to the armature 56 of a solenoid 57 so that when the 
Solenoid is energized the tubes received in the slots 51 
will be squeezed shut and when the solenoid 57 is de 
energized the tubing received in the slots 51 will reopen. 
Similarly, the valve member 55 is connected to the arma 
ture 58 of a solenoid (not visible in the drawing) which 
when energized and de-energized cause the tubing received 
in the pair of slots 55 to be closed and reopened. 
The arrangement of the elastomeric inlet and outlet 

tubing of the two syringes 14 and 15 is shown in FIG. 3. 
The inlet tube 62 for syringe 14 extends through one of 
the slots 51 underlying the valve member 54 to the main 
fluid withdrawal line 63 that is connected to the source 
of fluid being pumped, and the outlet tube 64 for syringe 
14 extends through one of the slots 52 underlying the valve 
member 55 to the main fluid infusion line 65 that is con 
nected to the object to which fluid is being delivered. 
Similarly, the inlet tube 66 of syringe 15 extends through 
the other of the slots 52 underlying the valve member 55 
to the fluid withdrawal line 63, and the outlet tube 67 of 
syringe 15 extends through the other of the slots 51 under 
lying the valve member 54 to the fluid infusion line 65. 
Thus, when the solenoid 57 connected to the valve mem 
ber 54 is energized the inlet tube 62 of syringe 14 and the 
outlet tube 67 of syringe 15 will be closed, and when the 
Solenoid connected to the valve member 55 is energized 
the outlet tube 64 for the syringe 14 and the inlet tube 66 
for Syringe 15 will be closed. Alternate energizing and de 
energizing of the solenoids in operational relationship with 
the infusion and withdrawal phases of operation of the 
syringes 14 and 15 will permit continuous uninterrupted 
infusion of the fluid being pumped. 
The switch means 42 and 43 are connected through 

appropriate electrical circuitry to the controlled infusion 
circuits and to the rapid withdrawal circuits of the motor 
controls for the motors 40 and 41, and also to the sole 
noids which actuate the valve members 54 and 55 of the 
Solenoid valve 18. The specific circuitry employed may 
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include relays, printed circuit cards, and/or solid state right contact 109 also energizes the rapid withdrawal 
components in any suitable combination provided the cir- motor control 115 of the motor 116 (which corresponds 
cuitry is adapted to carry out the essential sequence of to motor 40 previously referred to), thereby causing the 
operational steps that are characteristic of our improved drive carriage 26 of the pump shown in FIG. 1 to move 
Syringe pump. Specifically, the circuitry should cause the 5 rapidly to the fully withdrawn position of the carriage. 
following sequence of electrical operations to be carried Current from the now closed contact 208 of switch 206 
out when the reciprocating drive carriages 26 and 27 energizes the controlled infusion motor control. 217 of 
contact the lever switches 42 and 43 when the drive car- the motor 216 (which corresponds to motor 41), thereby 
riages reach each end of their reciprocating paths of causing the drive carriage 27 of the pump shown in FIG. 1 
travel. 10 to move at a controlled rate toward the fully infused 

(1) After the drive carriage 26 reaches its fully in- position of the carriage. Current from the now closed 
fused position: the rapid withdrawal circuit of the motor contact 213 of switch 211 energizes the solenoid valve 
control for motor 40 is energized, the solenoid for valve 218 (which corresponds to the valve means 55 shown in 
member 54 is de-energized, and the solenoid for valve FIG. 3), thereby closing outlet tube 64 of the syringe 14 
member 55 is energized; 5 and inlet tube 66 of syringe 15. Current from the upper 

(2) When the drive carriage 26 reaches its fully with- left contact 219 of lever switch 204 flows to the now 
drawn position: the rapid withdrawal circuit of the motor closed contact 207 and through the holding circuit of 
control for motor 40 is de-energized; switch 206, and current from the normally closed contact 

(3) As the drive carriage 27 approaches its fully in- 114 of Switch 111 flows to the now closed contact 212 
fused position: the controlled infusion circuit of the motor 20 and through the holding circuit of switch 211. Finally, 
control for motor 40 is energized; current from the lower left contact 220 energizes the coil 

(4) After the drive carriage 27 reaches its fully in- of solenoid switch 221, thereby opening the normally 
fused position: the rapid withdrawal circuit of the motor closed contact 222 of switch 221. All of these actions 
control for motor 41 is energized, the solenoid for valve take place more or less instantaneously when the switch 
member 54 is energized, and the solenoid for valve mem- 25 101 is closed. 
ber 55 is de-energized; When the rapidly withdrawing drive carriage 26 reaches 

(5) When the drive carriage 27 reaches its fully with- its fully withdrawn position it contacts the lever 103 of 
drawn position: the rapid withdrawal circuit of the motor lever switch 104 and moves it from the position shown 
control for motor 41 is de-energized; in solid lines to the position shown in dotted lines in 

(6) As the drive carriage 26 approaches its fully infused 30 FIG. 4, thereby opening right contacts 105 and 110 and 
position: the controlled infusion circuit of the motor con- closing left contacts 119 and 120 of switch 104. The open 
trol for motor 4 is energized; ing of right contacts 105 and 110 does not de-energize 
The foregoing sequence of electrical operations cause the coils of solenoid switches 206 and 211 because the 

the following sequence of functional steps to take place: holding circuits of these switches are energized, and the 

Syriage 14 Syringe 15 

Inlet Outlet Inlet Outlet 
Speed and direction tube tube Speed and direction tube tube 

Rapid withdraw----- Open.---- Closed-- Controlled infusion. Closed.-- Open. 
do- ----do--------- D0, 

--do- ----do----------- Do. 
Close Rapid withdraw Closed, 

----do-------- do----- Stopped.------- w Do. 
w - - - - - - - - - - - do--------------------do--------do----- Controlled infusion Do 

An electrical circuit that is adapted to carry out the opening of lower right contact 110 does not de-energize 
essential seqeunce of operational steps characteristic of the withdrawal motor control 115 because contacts 114, 
the syringe pump of our invention is shown in FIG. 4 of 212 and 122 of switches 111, 211 and 121 are closed. 
the drawing. However, the circuit shown in FIG. 4 is 50 The closing of upper left contact 119 energizes the nor 
merely illustrative of one such circuit and our invention mally open contact 107 of switch 106. The closing of 
is not limited thereto. Other circuits employing other types lower left contact 120 energizes the coil of solenoid switch 
of lever switches, relays, printed circuit cards, solid state 121, thereby opening normally closed contact 122 and 
components and the like can readily be devised which will thus de-energizing the withdrawal motor control 115. 
effect the desired sequence of operations of our two barrel 55 When the rapidly withdrawing drive carriage 26 reaches 
syringe pump. its fully infused position it contacts the lever 203 of 

Referring now to FIG.4, assume that the pump is turned lever switch 204 and moves it from the position shown in 
off when one of the syringes of the pump is in the middle solid lines to the position shown in dotted lines in FIG. 4. 
of the withdrawal phase of its cycle and the other syringe As the lever 204 moves from left to right it first opens 
of the pump is in the middle of the infusion phase of its 60 lower left contact 220, thereby de-energizing solenoid 
cycle of operation. In this situation, the main switch 101 switch 221 and closing contact 222. The lever 203 then 
will be open, the pilot light 102 will be out and the levers contacts the arcuate extension of upper right contact 205 
103 and 203 of the lever switches 104 and 204 will be in which energizes the coil of solenoid switch 106, thereby 
the positions shown in FIG. 4 of the drawing. closing the normally open contacts 107 and 108 and 
When the switch 101 is closed, the pilot light 102 lights 65 opening the normally closed contact 109 of the switch 

up and current flows to the lever switches 104 and 204 106. Closure of contact 107 energizes the holding circuit 
and through the circuits associated therewith. Specifically, of switch 106. Closure of contact 108 energizes the con 
current from upper right contact 105 of lever switch 104 trolled infusion motor control 17 of the motor 116, there 
energizes the coil of solenoid switch 206, thereby closing by causing the drive carirage 26 of the pump to start 
the normally open contacts 207 and 208 and opening the 70 to move at a controlled rate toward the fully infused posi 
normally closed contact 209 of switch 206. Current from tion of the carriage. The moving lever 203 then opens 
lower right contact 110 of lever switch 104 energizes the the arcuate extension of upper left contact 219 of switch 
coil of solenoid switch 211, thereby closing the normally 204 which de-energizes the holding circuit of solenoid 
open contacts 212 and 213, and opening the normally switch 206, thereby opening contacts 207 and 208 and 
closed contact 214 of switch 211. Current from the lower 75 closing contact 209 of Switch 206. The opening of con 
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tact 208 de-energizes the controlled infusion motor con 
trol 217 thereby causing the motor 216 to stop infusion. 
The lever 203 then contacts the lower right contact 210 
which energizes the rapid withdrawal motor control 215 
of the motor 216 and also the coil of solenoid switch 111. 

Energizing of switch 111 closes normally open contacts 
112 and 113 and opens normally closed contact 114. 
Closure of contact 113 energizes solenoid valve 118 
(which corresponds to the valve means 54 shown in FIG. 
3), thereby closing the inlet tube 62 of syringe 14 and 
the outlet tube 67 of syringe 15. Opening of contact 114 
de-energizes the holding circuit of switch 211, thereby 
opening contacts 212 and 213 and closing contact 214 
of Switch 211. Opening of contact 213 de-energizes sole 
noid valve 218, thereby opening the inlet tube 66 of 
syringe 15 and the outlet tube 64 of syringe 14. Closure 
of contact 214 energizes the holding circuit of switch 
111. The commencement of the rapid withdrawal phase 
of operation of motor 216 and the associated syringe 15, 
the closure of solenoid valve 118 and the opening of 
solenoid valve 218 take place essentially simultaneously. 
The drive carriage 26 of the syringe 14 moves at a 

controlled, relatively slow rate toward the fully infused 
position of the carriage while the drive carriage 27 of 
the syringe 15 moves relatively to the fully withdrawn 
position of the carriage. When the rapidly moving drive 
carriage 27 reaches its fully withdrawn position it moves 
the lever 203 of lever switch 204 from right to left, there 
by de-energizing the rapid withdrawal motor control 215 
and stopping the motor 216. The drive carriage 26 of 
the syringe 14 continues in the meantime to move at a 
controlled rate toward its fully infused position. When 
the drive carriage 26 reaches its fully infused position it 
moves the lever 103 of lever switch 104 from left to right, 
thereby sequentially energizing the controlled infusion 
motor control 217, then de-energizing the controlled in 
fusion motor control 117, and then essentially simulta 
neously energizing the rapid withdrawal motor control 
115, energizing the solenoid valve 218 and de-energizing 
the solenoid valve 118. When the rapid withdrawal motor 
control 115 and motor 116 move the drive carirage 26 
to its fully withdrawn position the lever 103 will be moved 
from right to left, and when the controlled infusion motor 
control. 217 and motor 216 move the drive carriage 27 
to its fully infused position the lever 203 will be moved 
from left to right, thereby effecting the sequences of 
operations previously described. The cyclic operation of 
the syringe pump continues in the manner described until 
the main switch 10 is opened. 
As noted, the specific drive mechanism and the elec 

trical circuitry associated therewith herein described com 
prise an advantageous, but by no means the only, means 
of carrying out the cyclic sequence of operations charac 
teristic of the syringe pump of our invention. For ex 
ample, the desired series of operational steps could be : 
carried out by the use of a single electric motor which 
runs in one direction only and which is provided with a 
variable speed control. In this embodiment gears would 
be switched in and out of engagement by means of sole 
noids and clutches operated by the switch means of the 
apparatus. The solenoid operated gears and clutches would 
be adapted to change the direction of travel of the drive 
carriage and to control the speed of infusion and with 
drawal so that withdrawal is always faster than infusion. 
Other drive mechanisms adapted to carry out the required 
sequence of operational steps characteristic of our Syringe 
pump could be devised. 

In addition to the use of our syringe pump to continu 
ously infuse a single fluid into an object or body, the 
syringe pump of our invention can be employed as a pro 
portioning pump. In this application the intake line of 
each syringe is connected to a separate fluid Supply reser 
voir. In operation, fluid withdrawn alternately from each 
fluid supply reservoir would be infused sequentially into 
the object or body to which the fluid is being delivered. 
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The amount of fluid infused into the body by each syringe 
of the pump is controlled by adjustment of the stroke 
length and selection of syringe size. 
We claim: 
1. In a Syringe pump comprising two syringes each 

adapted alternately to infuse and to withdraw a fluid 
being pumped, a reciprocating drive mechanism for each 
Syringe and valve means for alternately opening and clos 
ing the fluid inlet and fluid outlet lines of each syringe 
in operational relationship with the infusion and with 
drawal phases of operation of said syringes, the improve 
ment which comprises: 

a separately controlled electric motor connected to each 
drive mechanism, 

first and second motor control means actuated by the 
reciprocating drive mechanisms for operating each of 
said separately controlled motors, each motor con 
trol means having a controlled infusion circuit for 
operating the motor to which it is connected in the 
direction of fluid infusion at a controlled variable 
speed and a rapid withdrawal circuit for operating 
said motor in the direction of fluid withdrawal at 
a higher speed than the maximum speed of fluid 
infusion, 

valve means comprising first solenoid valve means for 
simultaneously closing the inlet of the first of the two 
syringes and the outlet of the second of the two 
syringes, and second solenoid valve means for simul 
taneously closing the outlet of the first syringe and 
the inlet of the second syringe, and 

electric switch means for the controlled infusion cir 
cuits and the rapid withdrawal circuits of the first 
and second motor control means and for the first 
and second solenoid valve means, said switch means 
being actuated by the reciprocating drive mechanisms 
When the drive mechanisms reach each end of their 
reciprocating paths of travel. 

2. The syringe pump according to claim 1 in which the 
drive mechanism for the first syringe causes the switch 
means to energize the controlled infusion circuit of the 
second motor control before de-energizing the controlled 
infusion circuit of the first motor control and before en 
ergizing the second Solenoid means when said first drive 
mechanism reaches the end of its controlled infusion di 
rection of travel, and in which the drive mechanism for 
the second syringe causes the switch means to energize 
the controlled infusion circuit of the first motor control 
before de-energizing the controlled infusion circuit of 
the second motor control and before energizing the first 
solenoid means when said second drive mechanism reaches 
the end of its controlled infusion direction of travel. 

3. The syringe pump according to claim 1 in which 
the Switch means (a) energizes the controlled infusion 
circuit of the second motor control before de-energizing 
the controlled infusion circuit of the first motor control, 
and then energizes the second solenoid means and the 
rapid withdrawal circuit of the first motor control and 
de-energizes the first solenoid means, when said first drive 
mechanism reaches the end of its controlled infusion di 
rection of travel, (b) de-energizes said first rapid with 
drawal circuit when said first drive mechanism reaches 
the end of its rapid withdrawal direction of travel, (c) 
energizes the controlled infusion circuit of the first motor 
control before de-energizing the controlled infusion cir 
cuit of the second motor control, and then energizes the 
first Solenoid means and the rapid withdrawal circuit of 
the second motor control and de-energizes the second sole 
noid means, when said second drive mechanism reaches 
the end of its controlled infusion direction of travel, and 
(d) de-energizes said second rapid withdrawal circuit 
When said second drive mechanism reaches the end of its 
rapid withdrawal direction of travel. 

4. The syringe pump according to claim 1 in which 
the reciprocating drive mechanisms for the first and sec 
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ond syringes cause the switch means to effect the follow 
ing sequence of electrical operations: 

(a) as the first drive mechanism approaches its fully 
infused position: controlled infusion circuit of sec 
ond motor control energized; 

(b) after the first drive mechanism reaches its fully 
infused position: rapid withdrawal circuit of first 
motor control energized, first solenoid means de-ener 
gized, and second solenoid means energized; 

(c) when the first drive mechanism reaches its fully 
withdrawn position: rapid withdrawal circuit of first 
motor control de-energized; 

(d) as the second drive mechanism approaches its fully 
infused position: controlled infusion circuit of first 
motor control energized; 

(e) after the second drive mechanism reaches its fully 
infused position: rapid withdrawal circuit of second 

10 

10 
motor control energized, first solenoid means ener 
gized, and second solenoid means de-energized; 

(f) when the second drive mechanism reaches its fully 
withdrawn position: rapid withdrawal circuit of sec 
ond motor control de-energized. 
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l line 55, "of the " should read -- of e - ; 

line 45, "eelectric" should read -- electric --; 
line .64, "longitudinal" should read -- longitudina 
lines 7 and 8, "that is higher than the maximum 

rate of speed" is repeated and the second 
occurence should be deleted. 
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line 47, "electrical" should read. -- electric -- ; 
line 55, "When the rapidly withdrawing drive 

carriage 26' should read - - When the . 
more slowly moving drive carriage 27 - - ; 

line 68, "17" should read - - 117 - -; 
line 25, "relatively to' should read 

-- relatively rapidly to -- ; 

Column 7, 1ine 41, "carirage" should read -- carriage --. 
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