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Part 1 (below).  Contains reference list of publications using the shuttler; general 
introduction; user operating instructions; instruction manual for installation & de-
installation; and hardware description/trouble-shooting manual. 

Part 2. General description of system, primarily for the benefit of individuals 
contemplating building a shuttler. 

Figures for part 2. 

Part 3. Computer program listings with extensive comments. 
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General introduction. 
This supplement is lengthy and is not carefully edited for clarity.  It contains little 

information about possible applications (see the 2012 article in JBNMR for a review of 
some of these.)  The supplement is split into 5 parts, partly to reduce the need for printing 
the entire supplement. 

Part 2 is a long description of the system for the individual who is, or might be, 
considering copying/revising the system. Such individuals should at least skim other parts 
of this supplement before reading this section.  

Part 3 contains program listings and some descritions of softeware. These are 
Word files and would have to be extracted by an editor and converted to, probably, a 
notepad format before use. 
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BIOCHEMICAL APPLICATION PUBLICATIONS USING OUR SHUTTLE. 
This list is the most important part of these reports.  Biochemists and biophycicists 
should read some of these papers.  The conclusions of these papers could not be achieved 
by any other methods, in most cases. 

Note that a large fraction of these studies were planned, prepared-for, executed, 
and written-up by Professor Mary. F. Roberts and her group at Boston College. 

Also note that three of these papers contain comparisons of results of computer- 
Simulated molecular dynamics.  Validation of the latter seem a useful application of our 
technology. 
1. Roberts, M.,  Cui, Q., Turner, C., Case, D., and Redfield, A. (2004) High-resolution
field-cycling NMR studies of a DNA octamer as a probe of phosphodiester dynamics and 
comparison with computer simulation.  Biochemistry 43,   3637-3650.    
2. Roberts,  M., and Redfield,  A. (2004) High-resolution 31P field cycling NMR as a
probe of phospholipid dynamics. J. Amer. Chem. Soc. 126, 13765-13777. 



Roberts, M.,and Redfield, A. (2004) Phospholipid bilayer surface configuration probed 
quantitatively by 31P field-cycling NMR. Proc. Natl. Acad. Sci. U.S.A. 101, 17066-
17071. 
3. Roberts, M.,  Cui, Q., Turner, C., Case, D., and Redfield, A. (2004)  High-resolution
field-cycling NMR studies of a DNA octamer as a probe of phosphodiester dynamics and 
comparison with computer simulation.  Biochemistry 43,   3637-3650.    
4. Wang,  Y., Chen,  W., Blair, D., Pu, M., Xu, Y., Miller, S., Redfield, A., Chiles, T, and
Roberts, M. (2008) Insights into the structural specificity of the cytotoxicity of 3-deoxy-
phosphatidylinositols. J.  Amer. Chem. Soc.  130, 7746-7755.  
5. Klauda, J.,  Roberts, M.,  Redfield, A., Brooks, B., and Pastor, R. (2008) Rotation of
lipids in membranes: MD simulation, 31P spin-lattice relaxation, and rigid-body 
dynamics. Biophys. J. 94, 3074-3083.  
6. Pu,  M.,  Fang,  X., Gershenson, A., Redfield, A., and Roberts, M. (2009) Correlation
of vesicle binding and phospholipid dynamics with phospholipase C activity: Insights 
into phosphatidylcholine activation and surface dilution inhibition. J. Biol. Chem. 284, 
16099-16107.    
7. Pu, M.,  Feng, J., Redfield, A., and Roberts, M. (2009) Enzymology with a spin-
labeled phospholipase C: soluble substrate binding by 31P NMR from 0.005 to 11.7 Tesla. 
Biochemistry 48, 8282-88284.    
8. Clarkson, M., Lei, M., Eisenmesser, E.,  Labeikovsky, W., Redfield, A., and Kern, D.
(2009) Mesodynamics in the SARS nucleocapsid measured by NMR field cycling. J. 
Biomol. NMR 45, 217-225. 
9. Roberts, M., Mohanty, U., and Redfield, A. (2009) Phospholipid reorientation at the
lipid/water interface measured by high resolution field cycling 31P NMR spectroscopy. 
Biophys. J. 97, 132-141.   
10. Shi, X., Shao, C., Zhang, X., Zambonelli, C., Redfield, A., Head, J., Seaton, B., and
Roberts, M. (2009) Modulation of Bacillus thuringiensis phosphatidylinositol-specific 
phospholipase C activity by mutations in the putative dimerization interface. J. Biol. 
Chem. 284, 15607-15618.    
11. Sivanandam, V., Cai, J., Redfield, A., and Roberts, M. (2009) Phosphatidylcholine
“wobble” in vesicles assessed by high-resolution 13C field cycling NMR spectroscopy. J.  
Amer.  Chem. Soc.  131, 3420-3421.  
12. Pu, M., Orr, A., Redfield, A., and Roberts, M. (2010) Defining specific lipid binding sites
for membrane-bound phospholipase C, by 31P NMR from 0.005 to 11.7 T.` J. Biol. 
Chem. 285, 26916-26922. 
13.
Cytotoxic Amphiphiles and Phostphoinositides Bind to Two Discrete sites on the Akt1 
PH Domain,  Biochemistry I53: 462-472 

Gradziel, S., Wang , Y., Stec, B., Redfield A. G., and Roberts, M. F. (2014) 
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USER OPERATING INSTRUCTIONS FOR BRANDEIS SHUTTLER 
By A. Redfield redfield@brandeis.edu Feb. 2012 
Abbreviations for references: 
ARl is A.Redfield, Magn. Reson. Chem. 41:753-768 (2003). 



ARlS is the online supplement to the above posted on my website. 
AR2 is A. Redfield, 2012, JBNMR 52:159-177. 
AR2S is the on-line supplement to the above posted on my website. These 
instructions are within that, hopefully, but I may wish to refer to some othr 
document in that supplement. 
This is a preliminary version, arranged to be useful for the beginner at the start of 

this document, up to the expert at the end. Use at your risk and tell me of problems.  It 
may be revised later with more explanations. The actual pulse sequences and software 
used for the Varian/Agilent 500 at Brandeis will be discussed elsewhere.  

This  user instruction manual is included here primarily to help the reader of this 
document to understand how simple it is to use our shuttler. 

 
For Beginners:  
“Mentor” means someone who is supervising and helping you. Installer means 

your mentor's mentor. 
Your mentor should probably have had you run simple spectra using s2pul on the 

Varian 500, and told you what password and username to use, and told you about (or how 
to read about) jexpxx, cexp(xx), delexp(xx) and how to array  d2 's and queue 
experiments, and has assigned you an "experiment" set up with a number (like 10) of 
unused experiment numbers. 

Normally the Mentor should have installed the sample into the probe, unless you 
want to practice arraying or queing without installing the shuttler, which is possible (see 
below). 

The "experiment" you are given should be set up for the sequence Ats2 which like 
all we will talk about and use is especially written for cycling.  (This is the only one now 
available but one for 2D HSQC-type R1 will soon be available, as will hetero NOE.)  
Only a limited number of familiar experiments can be done by shuttling. 

The Ats2 experiment uses the following sequence:  --Kill all-- d1 --reverse 
magnetization*-- move- d2- move --tip --FID* -- where "kill all" all is a pair of 900 
degree pulses to destroy magnetization left over from the last sequence; "reverse 
magnetization" reverses the magnetization of the source coherence (which for an R1  
experiment is the observed magnetization); the two "move" are move up, and move down 
to and from the lower field; "tip" is a 90 pulse, and FID is the nme free induction 
decay.The asteriscs (" * ") denote, for the one just before field cycling, that the 
magnetization of the observed nucleus is reversed every other sequence, and for the one 
on FID, that the signal in memory is reversed to compensate. You do not have to 
understand this at this point. This is a strategy first proposed by Messerle and is not 
needed for most 2 D sequences. 

d1 is the usual recovery time, which should be about equal to the T1 at high field 
(11.7 Tesla in our 500 MHz instrument).  If you don't know what T1 is set d1 to 2 sec in 
preliminary runs.  It can't be less than 1/2 sec. d2 is the "relax time' (not to be confused 
with the "relaxation time" (T1 ) ).  It will be arrayed as a series of, usually, 5 to 10 times, 
from zero to no more than twice the expected T1  at the fields, lower than 11.7 Tesla, 
where you will be measuring R1. Both d1 and d2 are entered in units of seconds so "d1 = 
1” neans 1.0 second and "0.1" means 100 millisec. If you have no idea what R1 is, at the 
field(s) at which you might be trying to measure T1  , then array a series of times 



increasing in steps of increasing by 2, like " d2 = 0.1, 0.2,  0.4,  0.8, 1.6"   and so on over 
some plausible range of d2 delays.   This will give you a rough idea of what T1 is, and 
then you can repeat with a fine bunch of d2's to get a better value.   If you are lazy you 
can omit spaces and leading zeros "d2=.1,.2,3;   etc is ok but always type "da" afterward 
to see if you did it right 

You have to type in the d1 and d2  values that you first want to practice with, for 
example "d1 =2" (you don't type in the quotes that I put here, and always hit "enter" at 
the end.  You can start with a single d2 for practice, "d2  = 0.l; ", or an array of d2's as 
just above.  You set the number of transients, nt, with a low number, like 32, first, with a 
short d2, and increase to get a usable, but not a beautiful, spectrum (using wft, and dssh if 
d2 is arrayed.). Start with go (but this erases data since the last go) and stop with "sa", not 
ever "aa". 

But first, enter the low field you want (with ''tes=4" to get 4 Tesla). If you enter  
10 Tesla or more, the system will omit field cycling and the data will reflect the R1 at 
12.7 Teslay.  The minimum is .002 Tesla, and if you enter less than this the system will 
exit the run immediately. 

  Later you will queue runs at different Tesla values in separate "experiments", 
perhaps using sequential "experiment" numbers. (Don't try to used two dimensional 
arrays,  they are even more inconvenient than queueing.) 

There are two other new but unimportant parameters to enter called rst and drt. 
Set rst=.01 and drt to .03, or similar small times.  Entering "rst?" tells you what it is set 
to. Units are seconds, so .03 is 30 millisec. 

Now locate the two switches on the big shuttler electronics rack, labeled 
"EMERGENCY".   They are ordinary wall switches mounted on steel boxes, and one is 
mounted toward the middle in height, facing the Varian terminal.  The other is somewhat 
higher and is at the corner nearest the magnet and farthest from the terminal face of the 
PC mounted on the same rack.  The latter has faded cherubs on it and the former is bright 
pink. Pushing EITHER down assures that the shuttler is completely off. The Varian 
computer does not know or care about the shuttler, and you can then practice arraying 
and queing at high field. For example, you could queue 2 or 3 d2 values, and array a few 
d2 values, probably both in the range of 1-3 sec for d1 and .1 to 2 sec for d2.  Enter any 
value for  tes, best a high field like tes=5 to 9. 

If you have done as above, or don't need to, you can try running.  First turn on 
(push up) BOTH of the emergency switches.  If you watch the PC's screen (it is NOT the 
Varian's screen, it is the little screen on a shelf attached to our big electronics rack), 
various helpful messages will appear.  Once both emergency switches are up, the 
servomotor on the shuttler is on and the shuttler's computer controls the motion.  KEEP 
YOUR FINGERS OUT OF THE REGION ABOVE THE MAGNET whenever both of 
these switches are UP; this is the "motorized manual mode, as the PC's monitor should 
tell you. If you queue several runs be sure to hand-write a log of what experiments you 
que'd, both for yourself and in case your mentor comes in, finds you made an error, and 
decides to correct it. He/she would only be able to re-queue your runs if there is such a 
log. 

You still are not ready to run.  Find the red light on another box near the 
emergency switch, marked "AUTO MODE", with a push-button on the same box just 
below the light marked "AUTO REQUEST".   Push this button, and if you are in the 



motorized manual mode, the red light should come on.   If so you are ready to try a run. If 
the light doesn't come on, try again while reading the messages that appear on the small 
PC screen.  If that fails,  consult your mentor.  If it does, you can try the Ats2 experiment 
you've set at.  Just type "go" on the Varian console (not the PC's console).  After what 
seems like a long time (actually only 2-5 sec) it will start moving up and down and taking 
data. 

Remember that the AUTO light must be lit before you type "go".  If you happen 
to type "go" when the auto light is out but the emergency switches are up, the shuttler 
console will emit a bunch of 1-second-long beeps. If it does so, type "sa" to stop the 
Varian's pulsing. Then try to get the Auto light lit by pressing AUTO REQUEST, and if 
you do get it on, type "go" again. If you don't get the red AUTO light on this way, 
consult your mentor. 

So, how do you calculate the T1's and how do you think about them.  The answer 
to the second question is, first take the inverses to get R1 values and then think about how 
these might be interpreted as sums of Lorentzian dispersions vs Teslas for dipolar 
relaxation, and/or Lorentzians times field-squared for CSA relaxation. Look at some of 
our papers (see AR2). 

To get the T1 's you curve-fit the raw peak heights to a decaying exponential by 
using a computer-fitting routine.  Wrong, hold it. It is ok to use a computer fitting 
program but the one you may know about is lousy, use a good one like Kaleidograph that 
gives an error matrix (and if you don't know what that is you should learn, probably from 
their manual).The real problem is, the 500 is not very sensitive and generally the data we 
get has lots of noise.The data is useful even if the signal-to-noise ratio is poor, but not if 
you use an odinary computer program!! Many computers that would look at the raw 
spectra do not know how to take noise into account. and pick the height as being the 
highest point in the vicinity of a peak. Your brain is a better curve fitter than many 
computer programs, and you should estimate the magnitudes of peaks by eye-fitting!!! 
For Experienced Users. The term "PC" +will refer to the pc keyboardeand screen 
mounted on the main shuttler rack, not to be confused with the Varian's computer and 
keyboard (now a Sun workstation but soon to be a Linux box). The PC now serves only 
as a way to sent messages to the human operators by eyeball. 

General organization,  We define three modes of the shuttler system: first, "auto" 
during which the AUTO light is lit and the shuttler motor is entirely under computer 
control. IN THIS MODE KEEP FINGERS OUT OF THE SHUTTLE MECHANISM!! 
Sometime we will have a removable plexiglass window to make this more difficult. 
Second, is the "motorized manual mode" in which the Varian has no control over the 
shuttler, but the shuttler motor is on so that you can't push the shuttler belt or other 
movable parts up or down by hand to move it which is not very useful. Third, in the 
"unmotorized manual mode" the power to the motor is definitely turned off, mainly for 
changing the sample. 

To get from auto mode to the unmotorized manual mode, you have to push down 
one of the emergency switches.  Rarely the system will decide, on its own, to go from the 
auto mode to the motorized manual mode and this indicates a hardware error which 
probably requires help from the installer (notify him/her!), except for one possibility:
 If the Tesla entry "tes" is in a range near but below 0.048, or close to but above 
0.002, and dl is rather short, the Helrnholz coils may have overheated, and this is sensed 



by little detectors attached to each coil. The microcontroller then switches to the 
motorized manual state, and thr red AUTO light turns off. If so you have to go through a 
tedious process to repeat the "experiment" during which this happened with a longer dl, 
and any others started after it. 

When you are in the unmotorized manual state you get to the motorized manual 
state by pushing both emergency switches up. To get from there into the Auto mode, 
press the auto request button under the red AUTO light. You can't skip going through the 
motorized mode to the auto mode. The system will emit a series of beeb beeb beep 
warnings in the motorized manual mode only, if any one of several error conditions 
occur, one of which (overheating of the Helmholz coils) was described above.  However 
the error system that generates these does not prevent you from entering the auto mode, 
where it stops the beeps, and trying to take data.  Generally you should not do so, you 
should try to figure out what the rrror is, and/or let us know. 

Sample loading and unloading. This also includes sample changing which is 
unloading one sample and loading another. Be sure your samples are distinctly marked, 
on the grey plastic holder into which is sealed th  is re-used. 

It will probably be best to watch your mentor remove a sample to understand what 
is going on, but we will first describe the parts of the system, which you should look for, 
for yourself, as much as possible. Also, you should realize that the shuttler can be run, for 
practice, without a sample being installed and even with none of the components, that I 
am about to describe, being installed.  This may help you gain confidence, and permits 
you not to worry about breaking the sample or (much more important) the probe. 

The NMR tube is assumed, in what follows, to be cemented into a -28mm long,-
14 mm diameter, grey plastic piece with a threaded brass rod (called a"stud") sticking out 
of its top (at the end opposite the nmr tube). The stud screws into the bottom end of an 
assembly of grey plastic parts and other things, called the "vertically flexible couping".  
This part of the linkage, and its need, are described and shown in cartoon form in our 
publication AR2 (Fig.5 in AR2,, and surrounding text).  During running it is connected, 
on the upper end, by another stud, to a -1 meter long -4 mm diameter carbon composite 
(very strong but flexible) rod with brass end pieces, called the "push rod" (actually it is a 
tube). The upper end of this rod is connected to a major black plastic "cross piece" that is 
clamped at each end to each of the black rubber timing belts. It moves up and down with 
the belts, which are driven by timing-pulleys by a single shaft connected to the 
servomotor. The above paragraph is only a brief summary of the linkage that moves 
the sample, and we now go backward to cover some details. 

The push rod has two cylindrical brass pieces permanently epoxy- cemented on 
each of its ends. The lower one of these has an axial hole that receives the stud at the top 
of the flexible coupling, and you will not normally touch this connection (but let us know 
if it seems loose!). The upper end piece has a  ~3 mm transverse hole drilled through it. 
(This and what follows is much simpler than it sounds on paper, once you look at it!) 
This hole is part of the connection between the upper end of the push rod and the cross 
piece. The connection is made by a pin that we can easily remove, that passes through it 
and a matching hole in the black cross piece. 

Sliding between the two brass end pieces (trapped there by the fact that these 
pieces are epoxy-cemented on) is the main part of the Hula bearing assembly (see AR2 
for a description. At the lower end of this assembly is a downward facing ring that looks 



like (and once was) part of  an electronics connector, that makes the connection between 
the Hula bearing and the upper terminus of the precision glass shuttle tube. This tube 
guides the sample precisely into the probe and you do not have to worry about it. 

It is easiest to describe how a sample NMR tube is removed. First, be sure that 
one of the emrgency switches is pushed down so that the system is unmotorized. Then 
find the horizonal connection, which is a black plastic piece clamped on to both timing 
belts. If necessary push it down gently so that it is as far as it easily goes; this will involve 
a small motion of the timing belts. If the belts resist, you are not in the unmotorized mode 
and could loose a finger! There are two wing-nuts on its on the front of the cross piece: 
loosen them only enough to be able to swing a flat piece of brass upward by 90 degrees, 
exposing the cap of a horizontal pin. Pull out the pin (this may involve some jiggling and 
pulling) and move the cross piece up a em or so, to expose the top of the push-rod's end 
piece. Put the pin back, in the hole in the cross piece,  and swing back down the brass 
piece that retains it, and gently tighten the wing nuts so that the pin does not fall of and 
get lost! Then push the horizontal piece upward about half a meter by grabbing a belt and 
pushing upward. 

Now the entire long push rod, with the sample at the bottom, is almost ready to be 
pulled out. First, you have to loosen the connection ay the lower end of the Hula bearing 
by turning the ring counterclockwise one tum until it is free to move upward.  Then 
you can pull up, and remove, the entire assebly. Be sure to route the upper end of the 
push rod outside the cross piece as you do. This is not a delicate operation except at the 
very end, where the NMR tube itself pases out of the glass shuttle tube assembly and 
might get broken. Just be careful to kep the push-rod fairly vertical at this point, and the 
NMR tube clear of the glass shuttle tube assembly. 

Now turn around and climb down the stars forward, grabbing a rail of the stairs as 
you do (someone fell of the stairs climbing backward once and could have been killed but 
wasn't), and carry the entire assembly to the bench. Unscrew the NMR sample tube 
adapter from the lower endof the push-rod, using the smaller pliers on the bench. (grab 
the adapter that is cemented to the NMR tube with the pliers and the next upper part of 
the assembly with your hand. If need be, grab the latter with a larger pair of pliers but be 
sure not to grab by the outer rings which are precision machine to fit in the precision 
glass shuttle tube. 

Installing another NMR tube and adapter is the exact reverse, except: 1. Be sure to 
have marks on the adapter's outsides so you get the right sample.  2. Do not excessively 
tighten the adapter to the push-rob assembly, by using two pliers.  3.1t is more annoying 
to reconnect the hula bearing than to disconnect it.   A mark on the lower ring of this 
connector should be facing you or as you try to get the upper ring down far enough so 
that it turns further to the left (clockwise looking down). It is like screwing the top on a 
jar of jam. 
Sealing the sample. This is described fairly well in ARl and ARlS except that we now 
have a new system that is probably working; if so, skip this section.  For the older method 
the samples are pipetted into short NMR tubes and sealed with plugs above them; and 
these tubes each sealed into one of several adapters (we now have three each for 5 mm, 
and the same for 8 mm NMR tubes), and these are then screwed on to the push rod 
assembly as described above. It involves first sealing a hollow plug on top of the sample, 
waiting about 20 minutes, and sealing the NMR tube into the adapter.  



It is easy to remove accidentally dropped hardened epoxy (household grade) from 
the adapter with a single-edged razor blade because the adapter is made of PEEK 
(polyetheretherketone) which never wears. The adapers are ~31 mm long and about 14 
mm outside diameter. 

  
Installer notes.  The following two sections will not be given to the users. General. This 
is preliminary. There are about 5 stages of de-installation. The second involves removing 
the linear motor from the rails with our famous human-powered fork lift which was built 
bt AR in about 2 days based on an expensive aluminum Bud relay rack. I have removed 
the linear motor this way about 100 times single handed with only one near catastrophe 
where the tall linear motor started to tip over and I caught it just in time.  I have improved 
the rail system so that it is hard to push it off  the rails, and further improvements are 
possible with minor mechanical gadgets. 

The "tower" pictured in ARl now has only 2 solenoid valves to turn on the low 
vacuum and pressure lines mentioned in AR2.  It now lives out of the way in back of the 
magnet.  The solenoid valves are each turned on by TTL lines via solid state relays on the 
tower.  These are in a cable which comes from a miIitary connector mounted on one of 
the supports of the frame  This cable also contains an error line. The latter is comes from 
electronics on the circuit board on the rack that reports whether the vacuum/pressure 
inputs are on, and a sort of check as to whether the longer rubber tube to the top of the 
glass shuttle tube, that carriews the pressure or vacuum from the solenoid valves,  is 
connected.  These error signals are or'd together in a single line, with LED's on the 
tower's circuit board indicating which of these is not properly working. 

There are now 8 cables from the main rack to the frame, four of which are 
disconnected by in-line military type round connectors. They are now semipermanently 
run in an easily removable wood trough overhead from the main rack to the frame around 
the main magnet.  Only two, namelt the military connectorsto the Helrnholz pairs and to 
the fast coil on the upper end of the long glass shuttle tube, need to be disconnected to 
convert to the first stage of deinstallation where the linear motor is slid forward out of the 
way for conventional u se. The hardest part of this process is uncoupling or installing the 
"extender" section of the shutlle tube (see AR2) which is mainly the result of the fact that 
the system of the frame aound the magnet, and the base of the linear motor, are just 
barely big enough since I designed the before I had planned to use a motor at all (as in 
ARl). I have recently decrease the severity of this problem by moving-sideways the plate 
that holds the middle ball-bearing of the 1/2" shaft.. 
Error detection. Errors are notified to the user by a single hardware line which, if active, 
makes a beep beep, as mentioned. This line is driven by 3 sets of hardware or's which 
detect unconnected lines, an error from the tower, or powers supplies not turned on.  
Three error led's report, not all errors, but : a tower error; mainly errors of cable 
connection; and mainly errors of power supplies turned on or overheating. These errors 
will usually not happen and are intended as an aid to the installer or the repair person. 
Another part of the error system reports whether the reversing relays for the 2 Helmholz 
coils are working, and it emits an annoying pulsed audible signal if so. Since these are 
mechanical.  I thought such a display is worthwhile since these mechanical relays are 
more likely to fail, and it would not be obvious.  This system only works for certain field 
values below .048 Tesla,  but is still important because if these relays should fail much 



time could be wasted before their failure might be noticed.  This function is provided by a 
set of 4 LED's which indicate which two of the four ends of the two Hemholz coils are 
grounded and which have a voltage applied, and utilize the ability of human beings to 
undewrstand paterns. 
Diagrams, service notes. I will not provide copies of my working electronics or 
mechanical diagrams because any competent builder  would want to improve on them. 
Use of a microprocessor makes it easy to find errors, I hope.  A single circuit diagram 
that should be understandable by an experienced electronics person is provided in section 
2.  

End notes. 
1. In the motorized manual mode mode you can move the shuttler up or down 

with "up" or "down" buttons on a mini-colsole located near the cherub emergency switch, 
and stop it with the "stop" button. Going down it will stop at the sample at the correct 
sensitive point of the probe, but try to stop it with "stop" going up, or else it runs into a 
mechanical thing at the top. [This triggers an internal motor error and the motor stops. To 
recover,  push down one of the emergency switches, wait a few seconds, switch the 
emergency upward again, and push "down".] We almost never utilize this ability to move 
the shuttle manually with the up and down buttons except as a quick check to see if 
everything works so far. 

2. When there is a failure in a long series of Q’d runs the shuttler might stop 
working, but there might have been several successful runs before the one where it 
stopped working. Overheating of the Helmholz coils might have been sensed causing the 
overheating safety system to un-reset itself.  This would be especially likely if your d1 
was rather short, less than 3 sec, and if the tes value is in the danger zone where the 
current through one of the coils is high, for tes less than 0.02 teslae or between 0.035 to 
0.055, and if so the red light next to the reset button on the relay box (the one marked 
“this light must be of”) would be on. If this light is still off, there may be some other 
problem and you may have to call the installer. But if the light is on,, if the set of runs are 
still going on, first find out what run is now going on by looking at the little upper right 
screen on the Varian’s computer which shows the currently running experiment xx Join 
that experiment (type “jexpxx”) and then enter sa repeatedly until the Varian stops 
pulsing. Next, you have to look at the data  (by typing wft followed by dssh). Go 
backward from the current run, looking for the last run for which there are peaks that are 
decreasing for increasing d2 in the normal way, to deduce when the problem occurred. 
(typically you would start with the already-started runs for which tes was entered in the 
danger zone tes less than .02 tesla, or .035 to .055.)  Runs for which tes was greater than 
.048 should be OK in this case. If so, reset the red light on the relay chassis by pushing 
the button near it. For these  runs, increase d1 by a factor of 2, and then re-queue all the 
very low-field runs after the first very low field run that was bad, and restart.   You can 
see why I urge you to write down a sequential list of the runs you que, preferably with the 
tesla value for each run. 

 
 
 

I.  INSTRUCTIONS FOR REMOVING OR INSTALLING, THE REDFIELD 
SHUTTLE FROM, OR TO, THE 500 NMR AT BRANDEIS 



 
Some of the steps below may not be needed in all cases.  They might be done by a 
shuttling user who is not trained to do this conversion; or some might, and generally 
should, be done by the next user.  It helps to have a friend as helper but is not essential. 
If you don't have a helper you will have to carry weighty or fragile objects up and down 
the steel stairs;  DO NOT WALK DOWN THE STAIRS BACKWARDS UNDER ANY 
CIRCUMSTANCES;  ALWAYS WALK DOWN LOOKING FORWEARD AND 
DOWNWARD WITH ONE HAND FIRMLY GRASOING A HAND-RAIL OF THE 
STAIRS. 
 
 These notes are primarily for an engineer or technician ("you") who assumes 
backup responsibility for switching the 500 MHz NMR shuttle system in or out when 
needed and possible.  When removing the system you will generally be dealing with a 
normal user (NU) who is cleared to install and remove probes, but when installing the 
system you may generally be dealing with a shuttle user (SU) who is not familiar with 
removing probes and you will need help from someone who is cleared  to do so, or you 
will need to become cleared yourself. 
 The mechanical instructions below assume that the shuttling system is turned off 
completlely and the probe has been removed.  Whenever a probe is removed for 
conversion to or from shuttling, IT IS ESSENTIAL TO REMOVE THE (normal) UPPER 
ALUMINUM STACK OR THE UPPER LONG SHUTTLE TUBE as soon as possible, 
and AVOID mixing the probea and tube for shuttling with the same components used for 
normal NMR. 
 It is common practice for users to leave runs going, programmed to end well 
before the next user takes over, and to rely on the next user to remove the previously used 
sample and store it safely, and sign off the previous user from the computer.  In general if 
the previous user accidentally programs the machine to exceed the time allotted, this is 
not your problem, generally the next user will use their judgement about whether to stop 
the previous user's run. 
 Removing the shuttle system is easiest to learn first.  If the SU is not around to 
remove the sample connected to the push rod, you can do so:  First stop (or ask the NU to 
stop) the SU's run, if necessary, preferably by typing (if needed) "sa" and not "aa" on the 
500's console.  (WHAT FOLLOWS IS SIMPLER THAN IT SOUNDS!!) Then push 
down one of the emergency switches on our main rack so that the red "auto" light goes 
out.  The long timing belts of the shuttle's linear motor will now allow you to move them 
manually without resistance (if not, you have to go back two sentences). Push the 
crosspiece connecting the two belts down as far as it easily goes (usually it will already 
be there). Loosen two wing nuts on the cross-piecde, and swing aside the brass plate to 
expose the large end of the horizontal pin.  Pull the pin outr towards youtself and store it 
in a safe place.  Raise the cross-piece a few inches and wiggle the push rod downward 
and out of the crosspiece.  Push the crosspiece up manually about 2 feet and then loosen 
the upper ring of what used to be a round connector, counterclockwise looking down a 
quarter turn or more to disconnect it from its mate.  Then pull the black push-rod upward 
about a meter.  To do so you have to get the upper end of the push rod to pass outside 
(nearest you) the crosspiece, and you have to also be careful as the glass NMR tube, at 
the lower end of the push-rod, passes out of the shuttle tube.  Store the combined push 



rod and sample tube in  a safe place, usually the backedge of the first shelf over tha 
vacuum pump wit the NMR tube to the left.  Finally retrieve the pin that held the push-
rod to the cross-piece and put it back in the now-empty crosspiece and rotate the brass 
plate back to hold it and tighten the wing-nuts-- all to be able to find the removablke pin 
later. 
 To continue to prepare to remove the shuttle system you also have to turn off the 
power on the shuttler:  Probably the PC does not have to be turned of in an "orderly" 
manner but just in case: Find the PC's small screen and get out of the program it is 
running by plonking the upper right thingy twice to get the display of icons on blue, then 
plonk start and shutdown etc.  Then after the PC's screen goes blck, cut the main power 
by turning off the main switch on the tower's side rear.  Also turn off our vacuum pump, 
on the bench behind the blue panel.  Finally, get someone to remove our probe and store 
it. Now you are ready to follow the mechanical instructions below. After that the NU 
should install the right probe and recable the slanty box on the other side as needed. 
 To prepare to install the shuttle system, get a NU to remove the normal-type 
probe and maybe stick around to help install the next SU's probe. Follow the mechanical 
de-installation instructions below being sure to follow the first step in these instructions, 
to first remove the "normal" upper aluminum tube that raises and lowers the sample for 
normal operation.  Then when all is installed, including our probe and shuttle tube, turn 
on the main shuttle power on the strip on the lower side of the tower. Power on the 
computer's front panel button (it is lying on its side), enter its password (hint, 5 letters) 
and plonk the lower left icon (sorry, it's illegible).  If you succeed, the screen will go 
black except to display  "ready" to indicate.  Now turn on the two Kepco "BOP" supplies, 
at the bottom of our main rack, with their big switches (which maddenly turn themselves 
off on any power-off).  And push down the latching relay reset, on the front panel marked 
"Relay Box", until the red light goes off.  (if it won't go off, you probably forgot to 
connect the Helmholz coil's power connector, on the assembly.).  Now the error card will 
light one or more of three Leds:  The upper one indicates a tower error, and the tower will 
have one or more lights lit (from top to bottom, pressure source not on; vacuum source 
not on; rubber tube to top of shuttle not connected). The middle and bottom indicate other 
connections not made, as explained on a sign. 
 Now you follow the mechanical instructions below. After they are complete, the 
NU should get someone to install the correct probe and recable the slanty box on the 
other side as appropriate. 

Mechanical instructions.  First, for removing the shuttle system.  
1.  RESTORE THE MAIN MAGNET'S SHOCK ABSORBER'S RAISING PRESSURE. 
(in future a beep may come from some valves behind the magnet to remind you to do 
so.).  You gently turn the lowest of the valves on the wall so its pressure is below 15 PSI. 
2. DISCONNECT THE LONG RUBBER TUBE connecting the top of the extender to 
the Tower, and the coax cable taped to it that goes to the fan. Disconnect both of these!  
Leave the knurled round brass tubing connector behind, held onto the extender's side 
tube by an O-ring, to save trouble later.  
3. DISCONNECT TWO ON_LINE CABLE CIRCULAR CONNECTORS.  One of these 
lies in the cable-trough, and is next to another larger pair that does not have to be 
disconnected.  The ones you want to disconnect are marked with red paper tape. The 
other connector is mated directly to the Helmholz coil assembly.  



4. LOOSEN SCREWS ON HOLD-DOWN CLAMPS OF THE EXTENEDER AND 
PUSH BACK THE ENDS OF THE CLAMPS away from the extender to the left and 
right.  An Allen hex wrench is supposed to live in a hole on top of the tower for this 
purpose. Once the screws are slightly loose, push back on the black clamps to left or right 
so that they no longer overlap the bottom white-plastic flange of the extender. Put the 
Allen wrench back please. 
5. REMOVE THE EXTENDER and store it on the shelf above the bench. (Fragile, 
contains glass!).  First you loosen and remove the large C-clamp that holds down the 
front edge of the linear motor assembly and push the whole assembly back (away from 
you) as far as it will go which is only about 3 mm. Put the big C-clamp back onto the base 
of the linear motor assembly and tighten (in case of an earthquake). Now tilt the extender 
back by gently pushing trhe top of it away from you, and push gently on its bottom out 
toward you, so that its bottom can be slid out enough to remove the whole thing. 
6. UNCLAMP, PUSH LEFT, AND RECLAMP THE LINEAR MOTOR.  Unclamp the 
big C-clamp and store it temporarily on the cable trough, then, gently and very carefully, 
push the tall linear motor assembly right, sliding on the white plastic tops of the rails, 
until the right end of the base of the assembly reaches the right end of the rail. NOT 
FURTHER!  It has to be pushed only far enough so that the Helmholz coil assembly can 
later be lifted out by hand. 
Put the big C-clamp back onto the base of the linear motor assembly, in its new position, 
and tighten.   
7. PULL UPWARD AND THEN OUT THE LONG SHUTTLE TUBE ASSEMBLY and 
store it on the shelf next to the push-rod. (Fragile!) It rests on tiny feet in indentations in 
the top of the Helmholz assembly and is hard to grasp. It is OK to pull it up by the black 
hold-down clamps mentioned in step 4.  Resist the temptation to store this or the extender 
on the steps upon which you stand.  It will fall off and break. 
8. LIFT OUT THE FAN and store it on the base of the Tower.  First be sure it isn't  
running, how would you like a free T shirt "I lost a finger on Redfield's shuttler"?   
9. LIFT OUT THE HELMHOLZ  COIL ASSEMBLY and store it on the bench. It sits on 
little feet which sit on the black surface outside the main magnets top flange.   Lift it in 
two stages by first lifting it with your left hand pushing up from the bottom of the 
assembly from the right, and lifting it and putting it down gently on the top of the magnet 
a few cm to the right.  Then disentangle your left hand and bring it over from the top, to 
help get the Helmholz coils completely away from the rails.  
10. STICK THE NORMAL TOP TUBE INTO THE BORE.  (not fragile but dropping it 
could cost many $$$).  We traditionally store it on mid-top of the console  with axis 
parallel to the front of the console.  Lower in gently, orient with the bigger round gradient 
connector looking toward the front left, find the orientation where the upper flange 
screws mate with the magnet flange's holes, screw together (No force or Hell to pay!) 
These screw into aluminum which can't be removed without thousands of dollars of 
expense!!), tighten some what when bottomed, attach the big round gradient and 3 small 
tubes on the right (color coded) . 
This is the end of the procedure to remove the shuttle apparatus.  The linear motor 
can stay sitting on the front end of the frame where you clamped it. Now the NU can 
arrange to have the correct probe installed, as medntioned above.  
 



  Under no circumstance install the next probe while the upper tube of the shuttler 
apparatus is still in the magnet, even though it appears to be possible to do so. Damage to 
the NU's expensive probe could result. 
 

Mechanical instructions for installation of the shuttler.   The shuttler's main 
power is assumed off and the NU's probe removed. 

Obviously this is the reverse of removing but it is easier to first learn to remove 
the shuttlesystem (above). 
 In what follows I use an editor to copy the headings, slightly modified and do not 
rewrite the above very much except where there might be confusion. 
1. REMOVE THE NORMAL TOP TUBE FROM THE BORE. First disconnect the big 
microphone cale from it, and the three small tubes on the right rear. Drape these on top so 
they probably won't fall off. Store the long tube on top of  the Varian's console where it 
won't fall off.   
2. LIFT IN THE HELMHOLZ COIL ASSEMBLY.  As you lift it in you want the 
connector pointing parallel to the rails toward the 600 MHz NMR.  Its short feet should 
rest on the black ring that is ~9 mm below the top flange.  Treat these top surfaces of the 
main magnet with respect.   
3. INSTALL THE FAN.  Be sure it is not running. Its power cable and connector should 
come out toward you at its top. 
4. LOWER IN THE LONG SHUTTLE TUBE ASSEMBLY. BE CAREFUL! 
OTHERWISE IT MIGHT DAMAGE THE MAGNET IF YOU LOWER IT FAST.  
5. UNCLAMP, PUSH RIGHT, AND RECLAMP THE LINEAR MOTOR.  The final 
position of the linear motor is critical and we will reclamp it in step 12 below. For now 
get it positioned left-right to be in front to the center groove of the big support tube of the 
main magnet, in back; and front-back pushed back towards this tube. 
6. PUT IN THE EXTENDER.  The reverse of removing it. First push the black finger 
clamps that will hold the extender in place, out of the way, away from the axis of the 
main magnet.  Gently push in it at the bottom while holding the top slightly away from 
yourself, until it plops into the well.  
7. PUSH THE CLAMPS IN TOWARD THE EXTENDER AND TIGHTEN THE 
SCREWS.  Remember to used the Allen hex wrench.  These should be only finger-tight.  
Inspect the extender and wiggle it to see if it it reasonably tight (mainly so it will not 
loosen during an all-night run).  Verify that the extender looks vertical. 
8. CONNECT TWO PAIRS OF CIRCULAR CONNECTORS.  One pair into the 
Helmholz assembly, and a 4-pin one in the trough, from the top of the shuttle tube 
assembly (see step 5). 
9. CONNECT THE RUBBER TUBE from the top of the tower to the top of the extender, 
and the electrical connector taped onto it to the connector on top of the fan. 
10. INSTALL THE PROBE USED FOR THE SHUTTLE.  Most often we use a 5 mm 
BB probe in a case markes "WB".  It has no gradient input. For HSQC-relaxation we us 
the probe in the box marke "IN" for indirect.  It is optimized for proton detection anb 
either 15N or 13C as the indirect species.  
11. INSTALL THE PUSH ROD WITH SAMPLE ATTACHED or not. (Don't yet 
connect it to the cross-piece.)  If the sample is valuable we sometimes run the shuttle as a 
preliminary check, without the sample attached to the rod.  Sometimes we completely 



leave out the push rod, for a quick test.  In that case be sure to tighten the wing nuts over 
the retainer plate that holds the connector pin (below) in the cross piece, or the wing nuits 
etc. may fall on the lab floor and not be easily found. 
12 . RE-CENTER THE LINEAR MOTOR. The first time you clamped the linear motor 
in its "final" position at the center you probably did not get it right.  Now lower the push-
rod as far as it can easily go, and then gently lower the crosspiece down on it and see if 
the hole in the crosspiece, into which the push-rod is to fit, is almost (within 2 mm) 
aligned horizontally so that the crosspiece can easily be pushed down onto it.  If not, 
unclamp the large C-clamp that holds the linear motor in place and try to get the hole and 
the rod aligned as well as possible.  Normally the motor will be, fore and aft, as close to 
you as possible without jumping off the rails; and left-right to make the top of the push 
rod slide into the cross piece without pushing sidewise more than ~ 2 mm. Reclamp the 
linear motor assembly and then see if any part of the linear motor assembly is touching 
any part of the extender (including its base and the 1/4 inch (6.35 mm) vertical brass rods 
that hold it togethet.  Test this by wiggling the whole frame and seeing if the extender 
wiggles much.  As a last resort, the relative positions can be changes by fooling with the 
rubber-isolated clamps that couple the frame to the vertical posts connected to the top of 
the magnet. 
 This completes the mechanical part of the installation.  Now the SU has to install 
the probe, or get help if they he/she is not qualified to do so.  In general we do not loosen 
the squeeze ring at the bottom of our probes and leave it be (in fact the WB probe lacks 
this adjustment).  Return to the previous section for instructions on turning on the 
electronics. 
FURTHER DISROBING may be needed if the shuttler must be completely removed 
for some reason.  The linear motor should be disconnected by screwing-apart the 21-pin 
circulart connector that sits in the wooden trough.  The wire it conncts goes via a cable to 
a small circuit board at the base of the linear motor.  Also, pull off the 110V AC plug that 
plugs into the small minibox that is attached to the top of the servomotor.  The linear 
motor assembly can then be lifted off by anyone strong enough to lift a one-year-old, in 
most cases on a good ladder and handing it down to a second person to put on a rolling 
table.  It can be stored on the tines of our hand-powered fork lift but clamped securely.  
One person can get it down alone using this fork lift but I will not describe how; just 
don't try to lower the movable part of the fork lift to the bottom, as it falls off its track. 
 The wooden wire-trough can be removed by first removing the two lines 
described above and:  1. unplugging the main power line, from the rack that holds the PC, 
at the end of the trough farthest from the 500 magnet where it connects to an extension 
cord that ends at the side of the tower, plugged into the power strip there; and 2. 
unscrewing a 5-wire circular connector from a receptical that is attached to the leg of the 
main shuttler frame nearest the PC.  Finally a coax line and a 25-pin D connector to the 
left side of the pC's rack, which go to the Varian console rear via the tower, must be 
disconnected. Then all connections to the PC's rack are gone (if I didn't forget any) and 
can be unbundled from the trough, which just lifts out. 
 The tower can be removed by first unscrewing the flange that holds the 5-wire 
connector just mentioned, by the single screw that holds it to the frame.  The remaining 
several wires including a coax line and a 25-pin mini-D connector can be unplugged and 
a lot of wires un-bundled, as well as pressure and vacuum lines that require unscrewing a 



clamp in one case.  The coax and 26 pin D can be removed at the back of the Varian 
console if need be. 
 The front rail of the two long rails that support the linear motor can be removed 
once the latter itself is removed, but without removing all the wires as outlined in the last 
paragraph.  Only two 5/8' bolts hold this rail at each end and are easily unscrewed with a 
wrench, preferably a non-magnetic one.  First loosen, but slightly, the two clamps 
connecting the frame to the magnet;  and lift the rail vertically; keep the clamps 
themselves attached firmly to the rail you are removing. If you need to remove the rest of 
the frame you do have to remove all the wires between the front of the magnet and the 
frame; then loosen slightly the other 2 clamps holding the other rail to the magnet; and 
unscrew a single bolt holding the {inverted-U-shaped back two legs of the frame plus the 
horizontal back top member}. Then this U-frame can be removed and stored leaning 
against the wall (perhaps helped by a friend).   The remaining rather unhappy {back rail 
and front U shape} can be lifted out after you loosen slightly the other two clamps 
connecting it to the magnet, and they can be stored remotely.  In sum, remove only two 
5/8´bolts and slightly loosen four clamps to the magnet, don't disassemble anything else! 
 

 
END OF INSTRUCTIONS FOR REMOVING/RESTORING SHUTTLE 
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START UP AND TROUBLE SHOOTING 
(For technicians & engineers who have to repair/maintain our current system..) 
 It should be relatively easy to get the system going because it works in a top-
down manner where the Varian system is started in a normal way that any user is familiar 
with, and it is programmed, after typing "go", to issue a series of strobes, each causing 
our system to read one Varianinstruction, applied to a D connector  going to the big rack 
of the shuttler,  repeatedly, no matter whether the shuttler is working or not.  And the 
various things that the shuttler is supposed to do can then be diagnosed separately without 
interaction with each other.  The shuttler has gone up and down more that 10 million 
times now with few problems and these are usually the result of bugs from 
"improvements" that I have now figured out (I hope). 
 I suggest that you ask the user, who complained, exactly what he/she thinks the 
symptom is, and with the help of information below you may be able to spot the problem, 
or if not try running it yourself and then discuss it with the most experienced user.  I now 
go through the system from the inside (sample) to the outside to help you. 
Sample and holder, probes, and flexible coupler.  These are not the engineer's 
problem, but, briefly: Users are asked to provide ~410 microliters of samples which I seal 
into 3.6??-long  5 mm NMR tubes (or ~1000 microliters in 8 mm NMR tubes) with 
hollow PEEK plugs (~2 cm ?? Outer length) using household epoxy and a #6 hypodermic 
syringe (see AR1 and AR1s).  After 20 min. or more the NMR tubes are sealed into the 
bottom of precision-made 140 mm dia. PEEK adapters which are 267 mm long (plus a 



radial-centering ring 30 mm high and an 8-32 brass stud at the top). We do so in as 
reproducible a way as possible, and the bottom hole of the adapter, into which the NMR 
tube fits, is slightly longer than needed so that we can do the second epoxy-ing step 
adjusting the lowewr end of the plug to be 55 mm below the bottom end of the hollow 
plug. [The sealing process involves several steps of centrifuging in a table-top to get 
sample on the wall down to the bottom, and get the plug down so that most of the space 
above the bottom of the plug is filled with liquid sample with no bubbles.]  This has 
worked almost without fail, hundreds of times, with only one probe destruction due 
perhaps to the possibility that this 10 mm prbe may have been constructed with foil glued 
to the inside of the glass former.  It was rebuilt by Carl Carter.  We have 10 mm, and a 5 
mm "wide band” probe, the 5 mm being a former 600 MHz probew tuned down to 500 
frequencies with parallel capacitors added, and a stock Varian "indirect" probe with only 
one coil for 13C or (but not and) 15N pulsing.  The latter has the high-power gradient 
supply wires run down to the bottom of the probe, as supplied by Varian. (Our other 
probes do not have a spoiler gradient coil.  

 [There is a gradual decrease in the number of probe makers and repairers and this 
is a major problem which anyone doing shuttling should be concerned with and plan for.] 
 In several cases with the 5 mm probe we have filled the bottom of the 5 mm tube, 
before use, with a few mm of low-viscosity slow-setting epoxy (Epo-tek 302 sild retail by 
a library conservation supply house in Baltimore) for use with about 250 microliter 
samples.  This epoxy mus be removed to a sufficient extent from the walls by a 
moderate-speed centrifuge spin before it sets (in hours).   
We are also trying to develop a new holder/adapter system to avoid the somewhat tedious 
epoxy-seal etc. and will post a description when and if we succeed.  We are also going to 
try to use the V-block system, for getting a coaxial epoxy seal, to use the lower end of the 
adapter as the coaxial reference, instead of the lower end of the flexible coupler.  The 
latter wears significantly, and we have modified the design slightly so that the lower 
precision sliding diameter is on a press-fit ring that can be replaced every year or so, 
without rebuilding the outer part of the flexible coupling. 
Push-rod and Hula bearing.  The carbon-composite rod does not seem to wear but the 
Teflon bearing that is trapped on it does, and if so the whole assembly has to be rebuilt  I 
have spares (from on-line metals) of the carbon-composite tubrs, and also hope that the 
wear can be reduced by being more careful about positioning the linear motor on the 
frame.  The transverse hole in the upper end brass piece also wears and again the whole 
thing has to be replaced.  I tried makng this piece out of rulon but the epoxy failed. About 
1/2 mm wear is probably permissible.  The gum rubber tube of the Hula is likely to 
disintegrate.  I have a small spare stock, but get the right size (5/8 inch).  The low-
pressure/vacuum coupler at the lower end of the Hula is a converted round electronics 
connector and has a tendency to loosen, and is a little difficult to connect as is needed for 
every sample change.  Rebuild with a military version converted?? 
Servo mechanical, shaft, belts, pulleys.  The servo was from JVL USA (Ohio).  They 
are cooperative but shipping to Europe etc. takes a minimum of 3 weeks repair 
turnaround.  Consider getting a spare motor,l probably $2k or more now,  One with a 
high-resolution position reporter would be worth the exta ~$500.    I have tried to keep 
within the maximum speed and torque (3x steady-state rating, as allowed for low duty-
cycle by the mfr).  The timing belts contribute ~1/3 of the total inertia of the system, and 



lighter ones may be sufficient.  I have no idea when the motor will fail, if at all.  The ball 
bearings on our main 1/2 inch shaft should probably be replaced one of these years, one 
at the end of the shaft and 4  on the upper and lower pulleys.  The tensioning system is 
fine, but I have no idea what the tension should be.  I tighten it until the force (measured 
with a spring balance hooked to the middle of one of the belts and pulled sideways about 
one inch) is ~1 pound.  The top of the plate connecting the large turnbuckle in back to the 
2 cables going to springs should be horizontal, as can be accomplished by adjusting the 
two small turnbuckles in back at the top. 

If the belts etc require adjustment or repair, first loosen the big turnbuckle in back 
so that there is almost no tension on the belts.  Now remove the screws on the small plate 
that holds the bearing on the far end of the shaft; and remove this plate.  Loosen the two 
outer allen set screws holding the shaft to the rigid shaft coupler on the servo's shaft. Now 
pull the belts off the lower pulleys.  The shaft can be removed if needed without 
loosening the pulleys from the shaft, by first removing the screws that hold the plate that 
holds the bearing in the middle of the shaft to the heavcy back plate. The motor can  be 
removed by unscrewing the 4 screws that hold it to the end-plate, without removing the 
shaft as describe above, by just loosening the 2 allen set screws on the outer end of the 
shaft coupling. 

Reassembly or adjustment of the screws is the reverse of the above.  I think that 
one of the holes for the screws, holding the motor to its flat mounting plate, is partly 
stripped; take it easy on these screws, and all others tapped into aluminum.  The screws 
holding the shaft onto the shaft coupliug shold be as tight as possible.  The assemblies 
holding the 2 pulleys onto the shaft use 3 screws per pulley.  Only loosen the screw on 
each one that squeezes this bushing onto the shaft, and tighten it again, first. Then tighten 
the two that squeeze the bushing onto the piece of brass that is permanently pushed into 
the pulley itself last. Don't ever loosen these two screws unless it is absolutely needed 
(for example, if the crosspiece is not horizontal and the problem is not due to a jump of 
one of the timing belts by a whole tooth),  and then as litle as possible. 

The optical sensor system tells the microprocessor when the sample is at the 
correct vertical position to read out the NMR signal.  This is determined by the length of 
the parts holding the sample (see above) which include a ~3/4 inch dia. shoulder on the 
bottom of the long shuttle tube,  and 4 each ¾ inch O.D. O-rings that come to rest on the 
shoulder just mentioned.  This isolates the sample from vibration of the push rod which is 
likely after it is stopped.  To understand this, ask a user to lend you a sample that has 
been sealed and can be installed in the normal way. With the system power off or one of 
the emergency switches down, gently push the pushrod down by had as far as it will go 
and ask the user to get a proper lock signal and display it in the FID mode of the lock 
system. Then pull the push rod all up slowly and notice that the lock signal is constant 
until the rod has been pushed up about 5 mm or more, and then disappears soon after the 
rod is pulled up further.  This transition occurs when a disc inside the flexible coupling 
contacts the upper disc of the coupling so that the rod pulls the sample up beyond this 
point.  If this is not clear study the cartoon in AR2, Fig. 5.   

Now you will probably have noticed a red light (LED) on the optical sensor, that 
lights up at roughly the same point, A logical TTL signal goes to the microprocessor (via 
the !downsense line) when this red LED is on.  The light is supposed to come on when 
the sample is ~1 mm above where is is best to stop.  To test this, push up both emergency 



switches.  The microprocessor calls the software module "feind" which moves the sample 
down below this transition, then up above it, then down 1 mm to land at 1 to 2 mm below 
the transition.  (The feind module is also used repeatedly during data taking in the auto 
mode).  For all this to work as expected (above) the optical detector has to be in the right 
place.  Adjusting is is not convenient but fortunately does not have to be done often, 
though it should be checked now and then:   First, the magnet leg air should be off, as it is 
when we run.  Push down an emergency switch.  Get a lock signal on the screen in the 
FID mode. Check where the lock signal stops changing as you move the sample down 
(by pushing the cross piece up or down slowly) and if this point is slightly more than 1 
mm above the point where the lock signal stops changing.  Easy to check!  Unfortunately 
to get the correct adjustment you have to get the 6 foot stepladder in the right place in 
back of the magnet (to not crush any cables) and screw around with two screws that 
adjust the height of the sensor relative to the central mast. Get paper tape to mark the 
starting position. 
Linear motor electrical / electronics.  The servomotor requies 110 V AC at a few 
amperes, and 24V. DC at less than 110 amp.  The AC comes in to the rear end via a mini-
box which I mounted on top of it, painted black. The box contains a low quality RF 
commercial intereference filter (~30 db down at ~100 MHz).  It removes RF noise that 
was easily detected with an FM receiver befor I installed the RFI filter.  The output of 
this filter goes into a connector that I salvaged from a disgusting "shielded" cable that 
JVL sold to me for ~$150 that had an (apparentrly intentional) disconnected shield at the 
motor end.  Fortunately you can't see the improvisation by me and this connection is not 
as solid as I would like and could give trouble. JVL could not supply the appropriate 
connector for this purpose which seems not to be a DIN type, and I stole the inserts from 
the worthless $150 cable, to make the connection inside the box, in a somewhat less 
unsatisfactory way.  

The 110 V cable that supplies this (an off-the-shelf 3 wire HP-style instrument 
cable) should not be supplied from a continuous 110 volt source.  It should be plugged 
into the special US residence-type wall-type female connector that is switched on and off 
by the (series connected) emergency switches on the back of the main rack.  The third 
(grounding) terminal of the connector is not connected to ground its the servoend, as 
would be expected, but is connected to a wire that is snuck out from the black box to a 
terminal that is connected to one of the wires that goes back through 21 pin military 
connectors to the "error board" in the Vector cage in the main rack of the shuttler .  It 
serves as a "reporter wire" (called "!connected") and its final end ispulled up to 5 V if 
either cable just mentioned is not plugged in. The 21 wire cable also contains wires to 
advance the servo (which is set up to emulate a stepper motor) by an edge transition in 
either direction that moves it 1 mm(!stepadv); another wire that tells the stepper which 
way to go (!upndn); the output of the optical sensor mentioned above; a motor error line 
provided by JVL from the servo which does not work, probably due to some failure in the 
motor's I/O module; and ground and +24 v power lines. 
Helmholz and fast coils, shuttle tubes.  Coils. The fast coil is a permanent part of the 
top end of the long shuttle tube, wound on a plastic former made by the machine shop.  It 
is 3 layers thick  #?? Wire ?? inches long.and now is supplied by the lowest Kepco BOP 
(Bipolar OP amp) at of the big rack.  It does not heat up much at the the  +- 10 amp 
current that the  Kepco supply provides.  It could be split at the center to improve 



homogeneity or provide a light path but the Varian pulse program would have to be 
modified; or this coil could be rewound to get a larger +- field (now .0154 T).  It is 
reversed during the "relax time" D2, turned on 0.3 sec before shuttling, and off shortly 
after the start of shuttling down to the center of the main magnet. 
 The Helmholz pair of coils are turned on and off simultaneously by the "helm" 
line from the microprocessor on card IIN, with an on-board TTL converter to make it 
positive true.  Detais of this connection are in the “General Tour” section below. 

They coils were wound on a lathe, the lower one, that power the lower coil by 
then-student Dmitri Ivanov helped by Greg Widberg in the physics shop, and the upper 
one by me helped and supervised by the machinist Frank Mello.  Both were would on a 
removable former 5 inches in diameter, 1 inch wide, and each of the ~ 10 layers smeared 
with epoxy after completion to provide good thermal conductance to the outside. The  
radial and axial thickness of each coil was  ~1 inch. Both were removed completely from 
the winding-former and are self-supported as described in AR1S. Unfortunately the upper 
one wound by me has ~10 % fewer turns, which is corrected in software (in Ats2).  If you 
have to replace them, I suggest calling Ray Nunally whose company  makes coils.  

 To try to avoid future burn outs of coils I taped (with  glass tape made by Scotch-
tape, 3M) two "thermocouples" (that are 2-terminal devices from a major elecronics parts 
supplier that look like a power diode), on the coils, one taped on each coil, that open (turn 
off)  (by a bimetallic mechanical switch most likely) at 90 C.  These wired in series, and 
if either opens due to overheating, it opens up the latch-connection of a standard latching 
relay circuit in the "relay box" (see below) of the main rack.  This relay then cuts the 
power to the two power supplies for the two coils. This provides for computer-free 
overheating prevention. 

The latch is wired to turn on a red LED on the front panel of the “relay box” just 
below the PC monitor’s shelf, when the lach is “off”.  A toggle swiotch next to this LED 
has to be pushed down by the installer on power up, or by the user if the light LED comes 
on due to coil overheating, the latter after the coils have cooeld. 
 The Helmholzcoils are supported by a holder described in AR1S, modified only 
by having very short legs that sit on outer ring on top of the main magnet on the black 
surface surrounding the uppermost surface at the top of the main magnet.  (This surfaces 
is most likely the top of a vacuum flanges and must be treated with great reverence.)  
Their length is designed to supply some cooling air to the bottom of the bottom Helmholz 
coil.  The upper surface of this holder supports the top flange of the lower long shuttle 
tube assembly mentioned at the beginning of this section, that also carries the fast coil 
(above). 

The top flange of the long shuttle tube assembly has short legs on its bottom 
surface that rest on the Helmholz assembly’s top surface.   The legs are separateded by 
120 degrees and there a 5 sets of shallow holes having 5 different depths for them to be 
put into, so that the shuttle can by mounted at 5 different depths relative to the magnet, 
allowing us to try different positons of the sample in the magnet. for the best shimming.  
These sets of hole are easy to make but we almost always use the center one of each set. 
Shuttle tube.  This is the long (~ 1 meter) glass tube which guides the shuttle and NMR 
tube into the probe with a radial clearance (inside the probe) of the order of 0.25 mm.  
These tubes are obtained from Wilmad, precision very high on the inside and moderately 
on the outside, about $300 each a few years ago.  I may ?? have a 30 inch spare, and do 



have shorter pieces.  Frank  Mello cuts them to length, a little shorter than the length 
available in the 2 holders with his diamond saw.  AR1S describes how they are adapted 
after fitting, to be mounted in the lower long support just mentioned, and the shorter 
adapter holder that supports the lower part of the connection to the Hula bearing, and the 
upper short section of precision glass. 
 A key feature of the long shuttle tube assembly is the shoulder at is bottom whose 
inner diameter is ~147 mm and whose upper surface supports the outer part of the 
vertically loose coupling (via 3 nominal 1/8 inch O-rings),\, during the time that the NMR 
signal (FID) is read out.  This is the surface mentioned earlier in connection with 
adjusting the height of the optical detector. 
The tower.  Low pressure air and vacuum control.  This single rack has wheels and sits 
on the far side of the main magnet  facing the 400 NMR section of the room. It has the 
main power supply switch for the whole system on its side, low, facing the wall, and all 
the connections, electronic, air, and vacuum, emanate fron its bottom side on the floor to 
the wall, sone not stopping there and only using it for orderly support.  It supplies 
continuious power for the fan ands for this reason the installer instructions specify that 
the Helmholz cooling fan, which it supplies, be put in right after thosew coils are placed 
above the main magnet, and before turning on the main power (all to avoid loss of 
fingers). 
Air and vacuum. But the main function of this rack is to regulate the low pressure dry 
air, and low pressue vacuum that are supplied to the top of the shuttle tube, via a ~1 
metert-long gum rubber tube, and assure that the sample is in a defined postion during the 
time when it is not moving, especially during the read-out signal (FID), using pressure; 
and during the relax-time when the sample is sitting in some hopefully well defined field, 
using vacuum.  The pressure is supplied from a regulator providing ~10 PSI (~0.3 bar) 
from the incoming 80 PSI dry air foir all the NMR's, at the 400 MHZ corner of the 500 
MHzroom, with a manual shutoff valve (usually left open) just above it.  The vacuum is 
supplied by a high-quality (Jun-Air) oil-free vane pump on the opposite bench-top, with a 
reservoir on a high shelf.  It is turned off when our system is not used, and otherwise is 
controlled to partly regulated its output at ~1/2 bar.  The pressure and vacuum (P and V) 
sytems are then fairly simple and similar and both are supplied to the tower by flexibe 
plastic tubes to a P or V sensor that closes an electric switch when the P or V are high 
enough.  These each pull down reporter wires for a local error board which turns off one 
of two warning lights when the P, or V, is present, as well as a 3rd light that supposedly 
goes off when a rather lamely designed wire indicates that the operator has remembered 
to connect the long rubber tube to the top of the shuttle tube extender.  Simple logic, on 
the card holding the lights, pulls down a tower-master reporter line when all three 
functions are OK.  This line is connected by a 5-wire cable to a military connector 
mounted (removably) on a plate on the frame  and from there to the error card of the main 
rack.  An LED on this rack is lit if any one of the 3 errors is detected, and it would beep-
beep-beep… if in the motorized manual mode as a warning to the installer.  The P or V 
lines then each go to one of two final P or V regulators (supposed to be set at ~ +-0.2 bar) 
and then through electric (Red-Hat) valves to join at the rubber tube output.  The latter 
valves are turned off by solid state relays controlled by 2 TTL lines directly from the 
microprocessor via the 5-line cable The wires are called !presson and !vacon. 



 The 'lame" reporter wire that hopefully indicates that the output rubber tube is 
connected to the top of the shuttle tube is actually a hook-up wire that is connected to the 
center conductor of a short coax cable that the installer is instructed to 
connect/disconned\ct from a grounded BNC connector on the top flange of the fan every 
time the rubber tube is connected/disconnected. 
Main rack. Overview.  By "front" I mean the side that has a small table (removable) for 
the computer keyboard.  
Computers. Don't order the compact Dell Optiplex PC that I have since it can't be 
expanded with special cards, and even Dell is confused about it (long story).  I don't trust 
packages like Labview, better to learn C language and use a microprocessor. The PC is 
turned on in the usual way, on installation of the system, and off on deinstallation.  
During this time it runs a home-made program to display messages only.  However it, or 
a remote one in a distant office, was used by my experienced-programmer coworker, 
Anne-Marie Rom Weisbach (AMRW), to develop programs on a second PC and 
explorer-16 "development" board  (the quotes refer to the fact that this board also had to 
have its display chip removed, scary but easy) in order to drive a system like ours.)  She 
made extensive use of the emulation and debugging programs provided by Microchip, as 
well as their on-line Forum. Their "chat" option was nearly useless except that in one of 
my rare successful, though maddening uses of it one of their time-shared phone workers 
kindly mentioned the then-new book by Lucio Di Jasio  (Programming 16 Bit 
Microprocessors in C (Elsevier 2007) which provides a good introduction to their 16 bit 
microchip system. (However Di Jasio does not really describe how to use their byte-wide 
IO system; however, we got by, by copying his example which shows how to fly an 
airplane at low resolution, and adapted it with some agonizing help from microchip's 
generally confusing documentation for 16-bit transfer.  (Some of these criticism may 
have been fixed by now by Microchip and/or in Di Jasio's new 32 bit version of his book. 
We have no experience with competitive microprocessors or books about them  There is 
little doubt in my mind that this microprocessor is better than extensive use of 
programmable logic even though the microprocessor is slower. 

The PC is also needed for setup of the JVL servomotor using JVL-developed PC 
software in a non-standard RS232 communication system.  Most of this is easy, to get the 
servo to start in the way you prefer (in our case, to emulate a stepper motor as far as 
possible.)  The complicated part is to pick feedback parameters and overall feedback 
gain.  One wants the highest feedback level consistent with lack of near-instability 
signaled by chattery motion of the motor and belts.  (one observation is that the chatter 
increases when the crosspiece is far away from the bottom, probably because the 
flexibility of the belts produces an extra phase when there is more belt between the motor 
and the mass of our load.)  There are several mysterious parameters with names probably 
understood by servo specialists but I tentatively concluded that a simple set of parameters 
(???) was as good as any I could find, and set the overall gain decreased by a moderate 
amount below the chatter level two years ago.  Once the servo was set up this way I 
removed the special RS232 cable from the servo end and never used it again. 

AMRW also spent a lot of time and effort, at my suggestion,  to control the two 
Helmholz (Kepco) supplies with RS232. This worked but shortly before the 5 year 
warranty the RS232 capability of one of the supplies failed, and Kepco did not seem able 
to repair them, so I changed the control to voltage control using a recently developed dual 



D/A chip from Analog devices, which was adequate for us.  Warning! in the middle of all 
this I received a used Sorensen supply via Amazon.  Neither I nor the reputable dealer 
realized that these supplies did not support both digital and analog supply in the same 
unit.  I had to return the used digitally-controlled unit for money-back.  I happened to 
have a stored new working Kepco BOP supply to replace one of the Kepco supplies that 
had blown up by then, possibly due some careless error by me. In future it is probably 
best to buy two identical voltage-controlled supplies from Agilent or Sorensen to run the 
Helmholz coils. 
The PC and microprocessor C-language programs posted here are the product of 
excellent labor byAMRW, and I wrote the Varian pulse programs.  I will shortly retry a 
2D version of the latter similar to the 2D programs adapted from Varian programs mainly 
by Elan Eisenmesser and Sparky Clarkson and used by Sparky in our 2009 collaboration 
in JBNMR, and I will post this program when it works. I added extensive comments to all 
these programs, and rearranged some for readability, in this posting (which has only 
working programs now in use).   I hope that these programs are now in readable and for 
this reason will not describe them blow-by-blow. 

To save space on the small shelf I bought the smallest available screen and 
keyboard for the PC.  For some reason the keyboard's num-lock function is set on turn-on 
of the computer and has to be remove by hitting num-lock, before entering the password.  
The screen is practically illegible but the program needed for taking data is enabled by 
use of the icon on the lowest right of the screen. The program says "ready" when it is 
ready, and if the PC program is not running the microprocessor hangs.  There is an extra 
identically programmed microprocessor chip available in case the other fails, but be very 
careful when inserting these chips on the Explorer board. 
General tour from front bottom to top. The bottom supply is a Kepco BOP bipolar 
operational amplifier (emulator) supply which powers the small fast coil inside the 
Helmhoz coils at their geometric center, most useful to us because our vesicle samples 
have long (microsec) correlation times resulting in a considerabre rise in R1’s at fields 
below .05 T.  The coil fields are reversed in < 1 msec by two times .0154 Tes to jump the 
field applied to the sample downward .0308 T during D2, the relax-time.  The 
coprocessor  outputs  !fastP or !fastN, respectively, produce a field from this coil at the 
sample that adds to, or subtracts from the combined other fields there (from the fringe 
field of the main magnet, and from the Helmholz coils). These are wired to a small circuit 
board attached to a panel on the rear which contains a dual analog switch (Analog 
devices) and an inverter which turn on currents of either positive or negative current (via 
identical resistors coming from precision +- 10 V. references provided by the BOP 
supply) to produce the maximum current of +-10 amps to the fast coil.  (There is now 
(feb 2013) a 1 ohm power resistor in series with the coil on the same panel, needed to 
make the supply stable but this may be removed when I get around to putting in a 
damping capacitor in the programming plug on the rear; I missed this possibility when I 
set the power supply up.) 
Above this BOP supply there is another BOP supply (not identical, don’t interchange 
them!) that supplies the upper Helmholz coil (the one that I rewound which has ~20% 
fewer turns than the one that Dmitri Ivanov wound about 13 years ago for his thesis, 
don’t interchange these, the Ats2 program takes account of this difference).  (This 
supply’s bipolar property is not used here, and also because it is an inverter the voltage 



that drives it, which comes from Vector card IIIN, is reversed by an op-amp inverter 
(powered by V-to-V converter (24 V to +- 15V ) on that card.) 
Hidden next to this is a small 48V modular unit that supplies a bucking current of 0.5 
amp to the lower Helmholz coil (explained below). 
Above this, about 20 cm, is a vertically narrow Kepco KLP 75-33-1200 supply for the 
lower Helmholz coil.  Its output current is controlled (like the BOP described above) by a 
voltage from card IIIN. But these supplies can only regulate above 0.4 amp.  So the 
negative 48 V supply just mentioned supplies a fixed but switchable negative parallel 
bucking current of 0.5 amp to its maximum value and the software programs the KLP to 
be 0.5 amp higher than would be needed without the bucking current, when currents less 
than 0.5 am would ordinarily be supplied.  See comments in the software for more 
details. 

Both Helmholz coils are controlled by a single positive-true line “helm” coming 
from the coprocessor !helm output, via a TTL inverter which closes a DPST reed relay in 
card IIIN. It switches on the voltages from a dual D/A converter (Analog Devices 
AD7247) on card IIIN which go directly to the analog-control inputs of the two power 
supplies for the two individual Helmholz coils.  

Next above the KLP suppliy is the “relay chassis” on a standard 19” relay rack 
panel.  It  has 3 old fashioned DPDT relays (Potter Bromfield) and uses them for 2 
functions: 

i. One of the three relays is set up as  a latching relay that has to be set by a red 
push button after 110V AC power-up, and is unlatched after power-down as well as if 
either thermostat mounted on the Helmholz coils opens up due to overheating.  It will 
refuse to latch (as indicated by an indicator light near the red button coming on, slowly) if 
the 8-pin military connector on the Helmholz pair is not connected.  A large capacitor on 
the latching circuit makes it turn off slowly so that it will not latch off in case of a short 
power dip.  This safety system (for the Helmholz’s) is computer-independent!     

 ii. In order to be able to use less expensive unipolar power supplies to run the 
Helmholz coils, I instead reverse the current through the coils they drive with the other 2 
relays in the relay box.  They are wired as DPDT reversing relays just before the coils 
themselves and these relays are driven by solid-state relays, driven in turn by the two 
TTL lines !signu and !signlo (“u” and “lo” for upper and lower coils respectively) whose 
states are each indicated by two pairs of of LED’s, red for aiding the fringe field, and 
green for bucking it (and upper pair for upper coil, lower for lowewr).  The relays are 
programmed to be switched at the start of each Vexp, when no current is running through 
the coils, otherwise sparks would fly, and worse.  
[The description of how the 2 Helmholz coils are controlled (here and elsewhere) is 
complicated and the arrangement is due to a series of accidents.  If money were available 
I would buy a pair of Sorensen or Agilent supplies, probably voltage controlled, (because 
noise and other problems from voltage control vs GPIB control are not important for this 
application).  The two separatesupplies are desirable if only to allow compensation of the 
fringe field gradient from the (unshielded) main magnet.  Further suggestions are not 
appropriate since, as mentioned in AR2, the above-main-magnet part of the this type of 
shuttler should be replaced in future versions by more elaborated sets of external coils 
including low-radio-frequency coils., and future main magnets might be shielded.] 

Above the relay box is a power strip for 110V AC which is always switched on. 



Above the that is a wooden front shelf which extends into the rack interior and holds the 
PC.  On this shelf sits a round short tin can provided by Microchip which has a USB 
connection from the PC, to a proprietary connection to the Explorer 16 which is used to 
program, and set up debugging, for the microprocessor.  This connection is broken by 
pulling out the plug between them, during normal data-taking.  There is also a Black-Box 
USB to RS232 converter box connected to the PC because we have only one RS232 
output from the PC, and two needs for RS232 lines, one: to the almost unused special 
RS232 programming system required to set up the JVL servomotor; and the other: for 
communication from the MP to the PC that we use only in a limited way to display 
information about the shuttler mode during NMR-data taking.  This box is probably not 
needed because the  RS232 lines could be switched manually. 

There is a small Veeder-Root battery operated counter which counted the number 
of cycles performed but stopped at ~8 million, around the year 2010, and may not be 
reordered. 

Next above that is a recessed Bud panel rack (CB 1372) onto whose vertical 
inside back are mounted the microchip Explorer 16 “development” board; regulator chips 
from 24 V DC to 5 and 9 volts; and the interface board that bidirectionally  (using 
74HCTxx chips) converts the ECL I/O of the  microprocessor to/from TTL levels, and 
also some 74HCTxx logic to simplify diving the array of IO chips (latches for output to 
the equipent, and line receivers for input) on card IIN of the vector cage. 

Above the Bud panel rack is the Vector cage containing, from right to left, a 110 
V AC to 24 V. DC power module (bolted to the cage) which supplies 24 V DC to both 
the cage and to the Bud panel rack; the Error card (see below); a card that has only a 24 V 
to +5 V. converter for logic and a small display array of LED's to monitor the operation 
of the relays in the relay box ; card IIIN which receives the strobe and 16 bit instruction 
from the Varian and passes the latter on to Card IIN via a 16 line ribbon; and provides 
voltages that are switched and go to the Helmholz power supplies; and the central IO card 
IIN.  The latter appears confusing but mostly provides 16 each input chips (line receivers 
74lS541) , that is, 2 pairs of chips, one to receive Varian commends controlled by the 
Varian pulse programs such as Ats2; and another pair to receive the status of various 
lines from the equipment; and a pair of  latches to control the equipment. 
All this digital stuff, including the coprocessor and the simple IO we use on the Explorer 
16 “development” board, could without doubt be put on a single somewhat larger circuit 
board by an experienced engineer, at low cost. 
 Finally, at the top position in the rack, there is a conventional rack & panel  
chassis called the ZD box (ZD for Zener diode) containing two independent circuits that 
each emulate, more or less, two  ~50 volt Zener diodes but that can carry much more 
current than the usual zener diodes.  These are each connected directly across one of the 
two Helholz coils and are supposed to prevent voltages of more than ~50 volts +- from 
appearing across either one in case the coils are switched accidentally while the current is 
on; but conduct no current when the voltage is leass than 50 volts absolute.  Each input is 
connected to its own diode bridge rectifier (to the “AC” terminals of it); and the DC + 
and – outputs of each rectifier is connected to the + and – outputs of its own ~50 V. 
“battery”.  More details are in part 2. 
 
 



 
 
 
 
 
 


