Assembling the Viewfinder Telescopes for Advanced LIGO’s Optical Levers
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Overview

There are two different telescope designs that need to be assembled.  One design, the “long” viewfinder telescope, will be used for the 33.1 m and 28.2 m distances.  The other design, the “short” viewfinder telescope, will be used for the 5.7 and 3.3 m distances.  The design specifications, assembly procedure, and focusing process are described below for each design.

The long viewfinder telescope can focus in both visible and infrared light simultaneously, and the focusing procedure described below accomplishes this.  The short viewfinder telescope, however, cannot focus in both visible and infrared simultaneously.  Therefore, the focusing procedure for the short viewfinder telescope is meant to focus the telescope in infrared light, as infrared light is most relevant to the short viewfinder’s function.  A short note is added to the focusing procedure detailing how to focus the short telescope in visible light if necessary.

Mounting the Telescopes

The viewfinder telescopes will be mounted alongside the launcher telescopes by screwing the former into the housing of the latter by way of two holes drilled into the viewfinder's tubes.  These two holes must be drilled in to both sides of the viewfinder telescope, the side through which the screws will actually be driven and the side diametrically opposite to it, making for a total of four holes.  The holes are necessary on the outer (diametrically opposite) side so that the screws can be put it, tightened, or loosened.  Therefore these holes need to be wide enough for the widest (in diameter) part of the screw to fit through easily.  The inner side (through which the screws will actually be driven) must have the necessary threading as dictated by the type of screws used.  The viewfinders can be mounted directly to the side, directly above, or on the diagonal of the launcher.  This decision is dictated by what is most convenient at each location and the focus of the telescopes is not affected by this choice.  Figure 1 shows two possible final configurations, namely, mounting to the side and mounting on the diagonal.
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Figure 1  

(Left) Front view of the launcher and viewfinder telescope with the viewfinder mounted on the left.  (Right)  Front view of the launcher and viewfinder telescope with the viewfinder mounted on the right.

Long Viewfinder Telescope

Design

The design for the long viewfinder telescope is shown below in figure 1.  All of the components of the telescope, tubes, lenses, and adapters, are all Thorlabs parts.  The part number of each component is listed along with the drawing of the part.  
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Figure 2 

Design of the long viewfinder telescope.
Assembly

The assembly of the long viewfinder telescope corresponds well with the diagram in figure 1.  The assembly process below generally moves from the right to the left of figure 1, however the order of assembly is not completely right-to-left, so the following steps should be followed:

1. Place the AC508-200-B lens in the back of SM2L10 and lock it in place with the retaining ring that came with SM2L10.

2. When SM2L10 contains AC508-200-B, screw the internal thread (the front) of SM2L05 onto the external thread (the back) of SM2L10.

3. Screw one of the internal threads of SM2T1 onto the external thread of SM2L05.

4. Screw SM2T2, which is only external thread, as far as it will go into SM2T1

5. Screw the internal thread of SM2V10 all the way into the external thread of SM2T2.

6. Turn the locking ring that comes with SM2V10 all the way down the adjustment thread so that it comes in contact with the wider part of SM2V10.  In other words, screw the locking ring in so that there is a maximal amount of external thread between the locking ring and SM2L30.

7. Screw the internal thread of SM2L30 onto the external thread of SM2V10 until SM2L30 comes in contact with the locking ring.

8. Screw the internal thread of SM2L20 onto the external thread of SM2L30. 

9. Place the ACN127-025-B lens into the adapter AD1.

10. Place the adapter AD1 into the adapter AD2.

11. When AD2 contains AD1 and ACN127-025-B, place it as far back in SM2L05 as it will go and lock into placed with the retaining ring that came with SM2L05.

12. Screw the internal thread of SM2L05, which now contains the lens and two adapters, onto the external thread of SM2L20.

13. Screw the internal thread of SM2L10 onto the external thread of SM2L05.

14. Screw the internal thread of SM1A2 onto the external thread of SM2L10.

15. Screw the internal thread of SM1A9 onto the external thread of SM1A2.

16. Screw the CCD camera into the external thread of SM1A9.

Note:  It is recommended to have end caps ready for both SM1A9 and SM2L10 (the part containing AC508-200-B) to be used when the telescope is not in use so as to reduced dust and contaminant build up in the telescope. The part number for the SM1A9 end cap is SM1CP1 and the part number for the SM2L10 end cap is SM2CP2.
Focus for 33.1 Meters

Once the telescope is assembled and SM2V10 is tightened so that the end of SM2L30, the locking ring, and the thicker part of SM2V10 are in contact with each other, do the following:

1. Divide the circumference of the tube into 10 equally spaced intervals.

a. The diameter of the tube is 2.2 inches, so the circumference of the tube is ~6.9113 inches.  

b. Dividing this into 10 intervals gives an arc length of ~.691 inches.

c. When this ‘ruler’ is made, place it around the thick part of SM2V10.

2. Place a reference point on SM2L30 that lines up with one of the ten lines of the ruler around SM2V10 and, while these parts are still screwed tightly together as describe above, define this reference point as ‘zero turns’.

3. Starting from zero, unscrew the adjustment thread (the external thread of SM2V10) 7.9 revolutions, using the ruler created above.

4. Lock SM2V10 into place, being careful not to turn the thread while moving the locking ring.

The final dimensions of the telescope when adjusted according to the above instructions are as follows:

· Distance from back of front lens to back of AD2 (after turns adjustment): 7.1175”.
· Distance from back of AD2 to back of SM1A2 = 1.14” (internally measured) or 1.17” externally measured (thickness of tube is .03”.
Angular Resolution of 33.1 Meter Telescope

Once the maximal focus is found by following the steps in “Focus for 33.1 Meters”, the expected angular resolution of the telescope is approximately 60 µRadians. 


Field of View at 33.1 Meters

The field of view of the telescope at 33.1 m is approximately 43.2 cm in width and 32.5 cm in height.
Focus for 28.2 Meters

The steps for focusing at 28.2 meters are the same as those for 33.1 meters with one minor difference.  Referring back to “Focus for 33.1 Meters” above, replace ‘7.9 revolutions’ in step 3 with ‘8.2 revolutions’, and follow all other steps exactly.

The final dimensions of the telescope when adjusted according to the above instructions are as follows:

· Distance from back of front lens to back of AD2 (after turns adjustment): 7.125”.
· Distance from back of AD2 to back of SM1A2 = 1.14” (internally measured) or 1.17” externally measured (thickness of tube is .03”.

Angular Resolution of 28.2 Meter Telescope

Once the maximal focus is found by following the steps in “Focus for 28.2 Meters”, the expected angular resolution of the telescope is approximately 70 µRadians.

Field of View at 28.2 Meters
The field of view of the telescope at 33.1 m is approximately 36.4 cm in width and 27.4 cm in height.
Short Viewfinder Telescope

Design

The design for the short viewfinder telescope is shown below in figure 2.  All but one of the components of the telescope are Thorlabs parts, with the exception of the lens labeled Edmund 45181. The part number of each component is listed along with the drawing of the part, and the Edmund 45181 lens is from Edmund Optics, part number 45181.  The 5.7 meter and 3.3 meter telescopes differ in design by one part, as shown in the figure, and this is taken into account in the assembly instructions.
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Figure 3

Design of the short viewfinder telescope
Assembly

The assembly of the short viewfinder telescope corresponds well with the diagram in figure 2.  An additional step (step 2) is necessary for the 3.3 m telescope, as there is one additional part in its design.  The assembly process below generally moves from the right to the left of figure 2, however the order of assembly is not completely right-to-left, so the following steps should be followed:

1. Place the Edmund 45181 lens at the back of SM2L10, as close to its external thread as possible, and lock into place with the retaining ring that comes with SM2L10.

Note: Step 2 is for assembly of the short viewfinder telescope at 3.3 meters ONLY.  When assembling the short viewfinder telescope at 5.7 meters, this step is omitted and step 1 should be followed immediately by step 3.  Note also that step 3 depends on whether the 3.3 meter telescope or the 5.7 meter telescope is being assembled.

2. Screw the internal thread of SM2L03 onto the external thread of SM2L10, which now contains the Edmund Optics lens.

3. Screw the internal thread of SM2V10 onto either the external thread of SM2L10 (for 5.7 m) or the external thread of SM2L03 (for 3.3 m).

4. Turn the locking ring that came with SM2V10 in towards the wider part of SM2V10 as far as it will go, but do not over tighten (it will have to be unscrewed later).

5. Place the AC508-300-B lens all the way in the back of SM2L20 so that it is as close to the external thread as possible.  Lock it in place with the retaining ring that comes with SM2L20.

6. Screw the internal thread of SM2L20, which now contains the AC508-300-B lens, onto the external thread of SM2V10 until it comes in contact with the locking ring.

7. Screw the internal thread of SM2L05 onto the external thread of SM2L20.

8. Place the AC508-200-B lens as far back in SM2L10 as it will go, i.e., until it is as close to the external thread of SM2L10 as it can.  Lock it in place with the retaining ring that comes with SM2L10.

9. Screw the internal thread of SM2L10, which now contains the AC508-200-B lens, onto the external thread of SM2L05.

10. Screw the internal thread of another SM2L10 (which doesn’t contain a lens) onto the external thread of the SM2L10, which contains the AC508-200-B lens.

11. Screw the internal thread of SM2L03 onto the external thread of SM2L10.

12. Screw the internal thread of SM1A2 onto the external thread of SM2L03.

13. Screw the internal thread of SM1A9 onto the external thread of SM1A2.

14. Screw the CCD camera onto the external thread of SM1A9.

Note:  It is recommended to have end caps ready for both SM1A9 and SM2L10 (the part containing AC508-200-B) to be used when the telescope is not in use so as to reduced dust and contaminant build up in the telescope.  The part number for the SM1A9 end cap is SM1CP1 and the part number for the SM2L10 end cap is SM2CP2.

Focus for 5.7 Meters

Once the telescope is assembled and SM2V10 is tightened so that the end of SM2L20, the locking ring, and the thicker part of SM2V10 are in contact with each other, do the following:

1. Divide the circumference of the tube into 10 equally spaced intervals.

a. The diameter of the tube is 2.2 inches, so the circumference of the tube is ~6.9113 inches.  

b. Dividing this into 10 intervals gives an arc length of ~.691 inches.

c. When this ‘ruler’ is made, place it around the thick part of SM2V10.

2. Place a reference point on SM2L30 that lines up with one of the ten lines of the ruler around SM2V10 and, while these parts are still screwed tightly together as describe above, define this reference point as ‘zero turns’.

3. Starting from zero, unscrew the adjustment thread (the external thread of SM2V10) 9.5 revolutions, using the ruler created above.

4. Lock SM2V10 into place, being careful not to turn the thread while moving the locking ring.

Note:  This procedure is meant to focus the telescope in infrared light.  To focus in visible light, simply turn the adjustment thread (step 3) 5.8 revolutions as opposed to 9.5 revolutions.

The final dimensions of the telescope when adjusted according to the above instructions are as follows:

· Distance from back of Edmund 45181 to back of AC508-300-B:  2.8775”

· Distance from back of AC508-300-B to back of AC508-200-B: 1.5”
· Distance from back of AC508-200-B to back of SM1A2 = 1.44” (internally) or 1.47” (externally).

Angular Resolution of 5.7 Meter Telescope

Once the maximal focus is found by following the steps in “Focus for 5.7 Meters”, the expected angular resolution of the telescope is approximately 543 µRadians.

Field of View at 5.7 Meters
The field of view of the telescope at 5.7 m is approximately 45.1 cm in width and 33.9 cm in height.

Focus for 3.3 Meters

Once the telescope is properly assembled (with the one additional piece in place as specified above), the steps for focusing at 3.3 meters are the same as those for 5.7 meters with one minor difference: in step 3 of the focusing procedure replace ‘9.5 revolutions’ with ‘14.6 revolutions’.  Aside from the different number of turns of the adjustment thread, the focusing procedure is identical to that of the 5.7 meter telescope.

Note:  This procedure is meant to focus the telescope in infrared light.  To focus in visible light, simply turn the adjustment thread (step 3) 12.6 revolutions as opposed to 14.6 revolutions.

The final dimensions of the telescope when adjusted according to the above instructions are as follows:

· Distance from back of Edmund 45181 to back of AC508-300-B:  3.305”.

· Distance from back of AC508-300-B to back of AC508-200-B: 1.5”.

· Distance from back of AC508-200-B to back of SM1A2 = 1.44” (internally) or 1.47” (externally).

Angular Resolution of 3.3 Meter Telescope

Once the maximal focus is found by following the steps in “Focus for 3.3 Meters”, the expected angular resolution of the telescope is approximately 670 µRadians.

Field of View at 3.3 Meters
The field of view of the telescope at 3.3 m is approximately 25 cm in width and 18.8 cm in height.
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