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1 Introduction

This booklet is a guide to safe operation of the Tomline Refractor at Orwell Park Observatory. All persons using the Tomline Refractor must follow the instructions in this booklet.

2 Safety

The Committee of OASI encourages members of the Society to use the Tomline Refractor. However, safe and effective operation of the instrument requires a degree of skill, knowledge and experience. Therefore, the Committee restricts use of the instrument to members of the Society who are authorised operators and to those acting under the direct supervision of an authorised operator. The Committee maintains a list, displayed on the noticeboard in the belvedere room, of authorised operators.

A member of OASI interested in using the Tomline Refractor should approach the Committee. The Committee will arrange for training in the use of the instrument; this will take the form of informal coaching by an experienced user, generally over a period of some weeks. Once the member has completed training and demonstrated proficiency in use of the instrument, the Committee will add his/her name to the list of authorised operators. The member may then use the Tomline Refractor unsupervised according to the guidance in this booklet.
YOU MAY USE THE TOMLINE REFRACTOR ONLY IF THE COMMITTEE OF OASI HAS GRANTED YOU AUTHORITY TO DO SO OR YOU ARE ACTING UNDER THE DIRECT SUPERVISION OF AN AUTHORISED OPERATOR.

FOR SAFETY REASONS, AN AUTHORISED OPERATOR MUST BE PRESENT IN THE EQUATORIAL ROOM WHENEVER THE TOMLINE REFRACTOR IS IN USE.

3 The Tomline Refractor

Figure 1 illustrates the Tomline Refractor.
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Figure 1. The Tomline Refractor.
The main components of the Tomline Refractor are:

· Equatorial mount. This is a huge, cast iron mount secured to the top of a masonry pillar which extends upwards from the foundations to the floor level of the eqatorial dome. Apart from sharing the foundations, the pillar is isolated from the rest of the fabric of the observatory tower, in order to prevent vibration being transmitted from the building to the telescope. The polar axis of the mount is aligned with the axis of rotation of the Earth, so that it is only necessary to rotate the telescope around this axis to follow the apparent motion of a star through the sky.

· The telescope tube. The primary function of the telescope tube is to act as a rigid framework holding the 26cm OG (Object Glass) and eyepiece tube in precise alignment relative to one another. It also supports a finder telescope and other accessories.

· Counterweight. This is fitted on the opposite side of the polar axis to the telescope tube. It balances the weight of the telescope tube to ensure smooth rotation around the polar axis.

· Setting circles for RA (Right Ascension) and declination. The declination setting circle is mounted on the declination axis close to the counterweight. The RA setting circle (not shown in the figure) is inscribed on a ring inside the RA drive wheel, at the base of the polar axis, inside the telescope mount. The setting circles indicate the celestial coordinates of the object towards which the telescope is pointing.
· Two periscopes. These provide visibility of the declination setting circle. (There are two periscopes in order that, at all times, at least one has an unobstructed view of the setting circle.) There is no equivalent of the periscopes to view the RA setting circle: in order to read the RA of the telescope, the observer must walk from the eyepiece to the base of the polar axis and read the value directly from the RA setting circle.
· A finder telescope. This is a 60mm aperture refracting telescope, optically aligned with the Tomline Refractor, but providing a much wider field of view, enabling the observer to locate the object of interest before engaging a high magnification view in the Tomline Refractor.

· Guide telescope (not shown in figure 1). This is a 10cm refractor nominally aligned with the main instrument but with an adjustable offset. It is used in manual guiding of long exposure photographs. The variable offset enables it to be pointed towards a relatively bright guide star in the vicinity of the object being photographed. 
· Eyepiece tube. This is a tube of approximately 8cm diameter protruding from the main telescope tube; its end is threaded to accept an eyepiece adapter. Several eyepiece adapters and a wide variety of eyepieces are available (they are stored in the computer room when not in use). A knob fitted to the OG end of the eyepiece tube provides adjustment of the focus of the telescope.

· RA drive. A small electric motor (shown in figure 6) drives the telescope tube around its polar axis. A hand controller enables adjustment of the speed of the drive so that it precisely compensates for the rotation of the Earth.

The main optical parameters of the Tomline Refractor are as follows:

Object glass
Merz achromatic doublet dating from 1874, refigured by Horace Dall in 1973
Clear aperture
258 mm

Focal length
3894 mm

Focal ratio
f15.1

4 Dome Shutter

The dome shutter requires two people to open and close it. At least one member of the pair must be an authorised operator of the Tomline Refractor.
Open and close the dome shutter only when the dome is positioned so that the shutter lies directly above the door to the computer room.
Opening the shutter in adverse weather conditions could result in damage to the shutter, its track or to the copper skirt of the dome. Therefore, open the dome shutter only if weather conditions permit. Do not open the shutter in very windy conditions, if it is raining or snowing or if ice is present or could form on the shutter track or inside the rainwater gutter of the dome.
The observatory dome is some 25m above ground level. Do not attempt to lean out of the aperture or climb out of it unless you are securely fastened to the structure of the building by a safety harness.
The shutter is opened and closed by ropes (one for opening, one for closing) and a handle. Two persons (of whom at least one must be an authorised operator) are needed to open or close the dome shutter – one pulling the appropriate rope and the other operating the handle. Figure 2 illustrates the ropes for opening and closing the shutter and the position of the person at the handle of the shutter.
During opening or closing, if the two people moving the shutter do not successfully coordinate their efforts, there is a risk that the shutter will tilt and its runner wheels will jump out of the lower track. If this happens and the shutter becomes jammed, contact one of the following members of OASI immediately for assistance:

Martin Cook
Tel: ****  ******
Eric Sims
Tel: ****  ******
Dave Payne
Tel: ****  ******
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	Figure 2.
Left: inside of the dome with the ropes for opening and closing the shutter. Right: unlocking the bolt on the dome shutter.


4.1 Opening the Shutter

1. Rotate the dome so that the shutter is positioned to the north-east, above the door to the computer room. Check that the closing rope cannot become fouled on the telescope or mount.

2. Position the ladder under the shutter. Climb up the ladder to a height giving easy access to the shutter handle and bolt. Remove the wind clip and open the bolt.

3. Unclip the opening (middle) rope and hand the end of the rope to the second person.

4. The person on the ladder should now smoothly pull the shutter open while the second person pulls on the rope so as to keep the shutter moving smoothly and not tilting. It is safest to move the shutter by this means first to the mid position, then pause, allowing the person on the ladder to reposition his/her body before proceeding to the fully open position. By convention, the person on the ladder is in charge of the operation and should take overall responsibility for the entire manoeuvre.

5. After fully opening the shutter, clip the opening (middle) rope to its retaining clips on the dome wall at the shutter opening.

4.2 Closing the Shutter

6. Rotate the dome so that the shutter is positioned to the north-east, above the door to the computer room.

7. Position the ladder under the shutter. Climb up the ladder to a height giving easy access to the shutter handle and bolt. Release the opening (middle) rope from its clips, and allow it to hang freely.

8. The second person should grasp the closing (top) rope. (If necessary, use the observatory steps to reach the rope.)

9. The person on the ladder should now smoothly pull the shutter closed while the second person pulls on the rope so as to keep the shutter moving smoothly and not tilting. It is safest to move the shutter by this means first to the mid position, then pause, allowing the person on the ladder to reposition his/her body before proceeding to the fully closed position. By convention, the person on the ladder is in charge of the operation and should take overall responsibility for the entire manoeuvre.

10. Once the shutter is closed, lock the bolt, re-fasten the wind clip and clip the opening rope back into its retaining clips on the dome wall at the shutter opening.

5 Dome Rotation

The large wheel attached to the pinion gear at the base of the dome provides the mechanism to rotate the dome (see figure 3). Operation is self-evident: turn the wheel to rotate the dome. Before turning the wheel, check that there are no obstacles and that nobody is in a position to have hands or clothes trapped by the rotating dome. When turning the wheel, take care that it does not collide with the telescope, observatory steps, doors, or other objects. Also be alert to the potential for the closing (top) rope of the shutter to become fouled on the telescope or mount.

Do not rotate the dome if ice has formed in the gutter at its base: the ice may grip the skirt fitted to the exterior of the dome and if the latter is rotated the skirt may become detached.

When you have finished an observing session, park the dome with the shutter positioned to the north-east, over the computer room.
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Figure 3. Wheel for rotating the observatory dome.

6 Telescope Covers

Both the Tomline Refractor and finder telescope have covers for their OGs. Figure 4 illustrates removal of the covers prior to an observing session. Only moderate force is required to remove or replace either of the covers.

Ensure that you replace the covers when you have finished an observing session.
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	Figure 4.
Removing the covers from the Tomline refractor (left) and finder telescope (right).


7 Eyepieces and Focussing

A cover is used to close the eyepiece tube when the Tomline Refractor is not in use. To insert an eyepiece, first unscrew the cover and screw in an eyepiece adaptor. Several eyepiece adaptors are available, accommodating a wide range of eyepieces. The eyepiece pushes into the adaptor and is held in place by a small grub screw which should be tightened by hand. Eyepieces and adaptors are stored in the computer room when not in use.

The magnification provided by an eyepiece in the Tomline Refractor is given by the following formula:

3894 / focal length of eyepiece in mm.

Observers most commonly use eyepieces in the range 32mm – 12mm, giving magnifications in the range 122x – 325x. Table 1 lists the magnifications provided by some of the eyepieces available for use with the Tomline Refractor.

	Eyepiece focal length (mm)
	Magnification (x)

	50
	78

	40
	97

	32
	122

	25
	156

	20
	195

	15
	260

	12
	325

	9
	433

	6
	649


Table 1.
Magnifications provided by eyepieces available for use with the Tomline Refractor.
A large knob close to the OG-end of the eyepiece tube controls the focus by moving the eyepiece tube in or out. In fact, the eyepiece tube comprises an outer tube (the position of which is controlled by the focus knob), carrying within it an inner tube held in position by a ring clip. If the clip is loosened, it is possible to slide the inner tube in or out of the outer tube to provide a larger degree of focus adjustment than is provided by the focus knob alone. (Such a large range of focus adjustment is necessary to accommodate some eyepieces and cameras.) After adjusting the position of the inner tube, remember to re-tighten the ring clip.

Figure 5 illustrates removal of the eyepiece tube cover and the main components of the Tomline Refractor associated with the eyepiece.
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	Figure 5.
Left: removing the eyepiece tube cover. Right: detail of the eyepiece draw-tube.


8 RA Drive and Speed Control

A stepper motor situated on the east side of the telescope mount provides RA (polar) drive for the Tomline Refractor. The stepper motor drives the telescope via a shaft with a worm wheel which engages with the RA drive wheel. (The worm gear ratio is 1:1440, and the worm gear rotates at a nominal rate 1 RPM in order to drive the telescope around its polar axis once every 24 hours.) The drive is configured such that its nominal speed precisely counteracts the apparent sidereal rotation of the heavens.

A 13 amp mains socket fitted to the telescope mount next to the stepper motor provides power for the drive. (Note that in addition to the switch on the 13 amp socket there is an on/off switch mounted on the side of the steel box housing the stepper motor.) At the end of an observing session, switch off the power to the drive motor at the mains socket.
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Figure 6.
Housing of the stepper motor drive. (The RA drive wheel is to the top left.)
8.1 RA Speed Control

A wireless hand controller (see figure 7) is provided to control the speed of the stepper motor. The buttons on the hand controller adjust the speed of the stepper motor as follows:

· Square: increase speed (up to maximum 110% of nominal).

· Diamond: decrease speed (down to minimum 90% of nominal).

· Square and diamond pressed together and held for 1 second or longer: reset speed to nominal.

· Circle: increase speed to 170% of nominal while button held.

· Triangle: stop drive while button held.

In case of failure of the wireless hand controller, a backup, wired hand controller may be utilised. Plug it into the 25 pin D-connector mounted above the mains cable on the side of the steel box containing the stepper motor. The layout of buttons on the backup hand controller is the same as on the wireless hand controller.
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Figure 7. Hand controller for drive speed.

8.2 Worm Drive

A yellow lever on the west side of the telescope mount provides the means to engage/disengage the RA drive by moving the worm wheel in/out respectively of engagement with the RA drive wheel. The movements of the lever are as follows:

To engage drive:
move lever slightly down, to the right then up.

To disengage drive:
move lever down, to the left then slightly up.

An adjustable stop determines the precise position of the worm wheel, when engaged, in relation to the teeth of the RA drive wheel. Do not tamper with this adjustable stop: it is critical to the operation of the drive and should not require adjustment in normal circumstances. Contact a member of the Committee if this stop appears to require adjustment.

When closing the observatory, position the lever in the disengaged position.

Figure 8 is a photograph of the yellow lever and RA drive wheel and figure 9 is a diagram of the yellow lever and its motion (engage/ disengage) in relation to the telescope mount.
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Figure 8.
RA drive mechanism. (Yellow lever in disengaged position)
[image: image13.png]Movement of yellow lever
ined to “U-shape”
Worm

drve
isengage shaft  Engag

RA drive
wheel

Worm Yellow engage/
drive shaft  disengage lever





Figure 9.
Engage/disengage lever for RA drive mechanism.

8.3 Friction Clutch

A friction clutch transmits torque from the RA drive wheel to the telescope itself, but enables the telescope to move relative to the drive wheel if the force involved becomes sufficiently great. The clutch protects teeth on the worm wheel and RA drive wheel from being stripped if the force required to turn the telescope is too great.

A handle on top of the friction clutch enables adjustment of the pressure. Do not tamper with this handle or the nearby two screws: the mechanism is preset and should not be adjusted under normal circumstances. Contact a member of the Committee if the friction clutch appears to require adjustment.
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Figure 10.  Friction clutch mechanism.

9 Declination Lock and Declination Adjustment

The declination lock and declination adjustment are accessed from the eyepiece end of the Tomline Refractor (see figure 11). When the declination lock is disengaged, the telescope may be moved freely in declination by hand; when it is engaged, the telescope is essentially fixed in declination, with a limited degree of fine adjustment being provided by the declination adjustment knob.

Note that the declination gear wheel runs on a gear segment and not a complete circle. If the gear comes to the end of its travel, disengage the declination lock and rotate the declination adjustment knob in the appropriate direction to re-centre the gear on the segment.

When closing the observatory, disengage the declination lock.
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Figure 11.
Eyepiece end of the Tomline Refractor showing declination controls.

10 Setting Circles

The Tomline Refractor is fitted with setting circles for RA and declination.

10.1 RA

The RA setting circle is inscribed on a ring inside the RA drive wheel. (The RA drive wheel is attached to the base of the polar axis, inside the cast iron mount of the telescope.) It is difficult to set up the RA setting circle so that it reads absolute RA, and observers generally use it in “relative” mode as follows to help locate a target object:

11. Select an object in the heavens that is easy to find, with known RA, denoted A.

12. Calculate the difference, X, between A and the RA of the target object.

13. Centre in the field of view the object that is easy to find. Note the reading, B, on the RA setting circle – in general B will not equal A.
14. Move the telescope in RA until the RA setting circle reads B+X.

15. Adjust the declination of the telescope to centre the target object.

10.2 Declination

Two periscopes provide the operator of the telescope with a magnified and correctly orientated view of the declination setting circles. The operator can use these in conjunction with the declination adjustment to set the precise declination of the telescope.

The periscopes are fitted on opposite sides of the telescope tube thus ensuring that at least one of them is un-obscured by the telescope mount regardless of the position of the telescope.

There are lights on the telescope to facilitate viewing the declination setting circles in the dark; these are deliberately dim so as to avoid compromising the dark-adaptation of observers in the dome. Push-buttons at the eyepiece end of the telescope active the lights.

11 Solar Observing

NEVER LOOK DIRECTLY AT THE SUN THROUGH ANY TELESCOPE OR BINOCULARS – IF YOU DO SO YOU RISK INSTANT AND PERMANENT BLINDNESS.

IF YOU WISH TO USE THE TOMLINE REFRACTOR FOR SOLAR OBSERVING YOU MUST USE THE PROJECTION METHOD. 

To use the Tomline Refractor for solar observing via the projection method, hold a flat, white sheet of card some 25cm – 1m behind the telescope and focus the image of the Sun projected upon it. A metal framework is available to hold the card in position. Observe the following safety precautions:

16. Keep the OG cover on the finder telescope.

17. Align the Tomline Refractor by minimising the size of the shadow that it casts on the white card. DO NOT ALIGN THE TELESCOPE BY LOOKING THROUGH THE FINDER TELESCOPE.

18. Use a low power eyepiece so that the heat from the Sun will not be too concentrated in the eyepiece itself. The eyepiece should be an old, un-cemented type.

19. If you are observing with a group, ensure that all members understand the need to take care. Ensure that members of the group cannot look into the telescope either accidentally or intentionally. Block access to the eyepiece by means of the observer’s steps or by your own body. If children are present exercise extreme caution.
20. If you step away from the Tomline Refractor temporarily, move the telescope to the east of the Sun (i.e. behind the Sun in terms of the drive of the telescope) so that the OG is pointing into the dome and not out of the dome aperture.

12 Closing the Observatory

When leaving the observatory, make sure that the equatorial room and belvedere room are closed and secured. Use the following checklists.

12.1 Equatorial Room

· Rotate the dome so that the shutter is positioned to the north-east, above the door to the computer room.

· Close the shutter, bolt it and attach the wind clip (see section 4.2). Clip the opening rope back into its retaining clips on the dome wall at the shutter opening.

· Disengage the Tomline Refractor RA drive, switch off the RA drive motor at the mains and unlock the declination axis.

· Replace the OG cover and the eyepiece tube cover of the Tomline Refractor, and the OG cover of the finder telescope.

· Position the Tomline Refractor so that the telescope tube is positioned above head height, lying below its RA axis, aligned in an east-west direction.

· Put away all eyepieces and accessories in the computer room.

· Ensure that the electric heater in the computer room is plugged in and switched on. Switch off all other electrical equipment.

· Switch off lights in the transit room and computer room and lock the doors.

· Switch off the lights in the equatorial room and lock the door.

12.2 Belvedere Room
· Retrieve any telescopes used on the balconies, shut and lock the balcony doors.

· Switch off all electrical appliances at the mains, apart from the observatory mobile phone, which should be left on charge.

· Switch off the lights and lock the door.

12.3 General

· Complete the observatory log book to record the names of all people present and details of any observations or other activities undertaken.

· Ensure that the stairs from the observatory are clear of any obstacles.

· Switch off all lights.

· Make sure no-one remains anywhere in the observatory.

· Lock all doors on exit.
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