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Subject: Measured Parallelism of Band 6 Cartridge SN000 (Prototype Cartridge) 

 

Summary 

The 4K stage misalignment in parallelism for the Band 6 prototype cartridge, measured with respect to the 300K 
stage, will cause about 0.8 milliradian of beam pointing error, which is just 16% of the specified maximum value of 
5 milliradians.  Parallelism is defined here as the difference in the direction of normal vectors from two planes: 
 

1. formed by the 300K stage surface nearest the vacuum, and 
2. by the 4K stage. 

 
Mirror misalignment, which can also cause beam pointing errors, was not measured here because we lack the 
equipment to do so.  It is also important to note that this prototype Band 6 cartridge doesn’t include pins in the 
mirror mounting arms.  At the urging of the Band 6 PDR committee, these pins have been installed on all 
production cartridges to better locate the mirrors.  However, beam patterns measured with this prototype cartridge 
don’t show significant scan errors, at least when measured using our early and admittedly crude system, so we think 
mirror misalignment is modest. 

Introduction 

IRAM intends to validate the Band 6 optics design by measuring the Band 6 prototype cartridge (SN000) beam 
patterns with their near-field scanner.  They will use just the top of RAL’s cryostat for initial measurements, but 
later measurements may include installation of the cartridge in a complete cryostat.   
 
Parallelism of the 4K plate relative to the 300K baseplate is an important mechanical requirement for the Band 6 
cartridge to maintain the stringent 5 milliradian beam pointing accuracy specifications, because the optical 
components are mounted on the 4K stage. 
 
The prototype cold cartridge body, built by RAL, was used by the Band 6 group to confirm mechanical design 
concepts and is reported to lack the mechanical accuracy necessary for production use.  However, measurements 
documented in this memo suggest that the mechanical accuracy of the prototype is sufficient for optics design 
validation.  
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Measurements  

Figure 1 shows the measurement locations on the 300K baseplate and 4K stage.  Parallelism was measured relative 
to the vacuum side of the 300K baseplate, and the measurement locations on the 300K baseplate were directly 
below the 4K locations but outside the G10 spacer. 
 
Parallelism was obtained by measuring the height of the four test locations shown in Figure 1 using a Starrett 254 
Master Height Vernier.  Heights for the 4 locations were measured on each plate relative to the base of a granite 
block.  The Starrett measures in units of inches and the raw measured data are shown in Table 1.  Table 2 is the 
same data as Table 1 with everything converted to mm.  
 
Table 3 provides data for the tilt angle calculations.  First, the distance between the 300K and 4K stages were 
calculated for each of the four measurement locations.  Then those distances were again normalized to location “B” 
on the 4K plate.  
 
As seen in Table 3, the worst-case difference between the 300K and 4K plates, normalized to location “B,” is -0.14 
mm at location “D”.  That value is used to estimate the pointing error attributable to the parallelism between the 4K 
and 300K plates by assuming 170 mm for the 4K plate diameter and using: 
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Table 1: Raw Measured Data 
Cartridge 00 (Prototype) Mechanical Measurements  
All Measurements in Inches  
Significant Figures +/- 0.001 inches  

Location on Plate 
Plate A B C D 

300K 0.432 0.431 0.432 0.432 
(Repeat) 0.432 0.430  

 
4K 11.375 11.375 11.381 11.371 
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Table 2: Measured Data Converted to mm 
(From Table 1) 

Cartridge 00 (Prototype) Mechanical Measurements  
Measurements in inches but converted to mm 25.4 mm/inch 

Significant Figures: 0.025 mm   
Location on Plate  

Plate A B C D  
300K 10.97 10.95 10.97 10.97  
(Repeat) 10.97 10.92   

   
4K 288.93 288.93 289.08 288.82  
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Table 3: Tilt Angle Calculations 
Difference (mm) between 4K and 300K plates (not normalized to B) 
4K 277.95 277.99 278.10 277.85  

  
Difference (mm) between 4K and 300K plates (normalized to B) 
4K -0.04 0.00 0.11 -0.14  

  
Diameter of 4K plate: 170 mm  

  
Tilt angle on 4K 

plate: 
-0.822 mrad  
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