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Use of the telescope to assist
the low vision patient in practice

By Dr Elizabeth Bartlam DOphSc BSc (Hons) FBDO CL LVA (Hons) SMC (Tech) SFHEA

here are times when the
dispensing optician (DO) will
come across the low vision
patient who needs help with
tasks where a telescope may be the most
suitable option. This article looks at how
the DO can consider and dispense
telescopes to assist the patient in
practice. To assist with visualising the
application of the telescope, as well as

providing an overview of telescopes, this
article will provide a case record of a
patient who wishes help at both distance
and near as its focus to demonstrate how
the person can be assisted.

Before any type of aid is considered,
it is useful to know: the advantages and
disadvantages of the aid; the optics of the
aid to enable understanding of how they
will work for the patient; and understand
the differences between the two types
of telescopic systems available for low
vision work.

ADVANTAGES AND
DISADVANTAGES OF TELESCOPES
Table 1 provides the advantages and
disadvantages of telescopes. Reviewing
these will help decide if the telescope will
be of assistance for the patient in the case
record that is presented later in the
article.

Can be a solution for distance and
intermediate vision tasks

Can be a solution for near vision tasks

Larger working distance (compared to
simple magpnifiers and spec mounted)

Better depth of field (compared to
simple magpnifiers and spec mounted)

Can be hands free

Available in monocular and binocular
form

TABLE 1. Advantages and disadvantages of
telescopes (adapted from Wolffsohn 2007%)

OPTICS OF THE TELESCOPE

A telescope will increase angular subtense
without needing a change in working
distance! — enabling it to be used for
distance tasks. A telescope in its afocal
setting enables parallel light from a
distant object entering the system to
leave the system.

Figure 1 shows a ray diagram of an
astronomical telescope, which is a system
comprised of two positive lenses. Rays
from an object at infinity are focused at
the second principal focus of the objective
lens (F's). This location is also at the first
principal focus of the eyepiece lens (Fe).
This image focused at F's acts as a virtual
object for the eyepiece lens. As this is at
the first principal focus of the eyepiece
lens after refraction, the image formed
from this virtual object will be at infinity.

Figure 2 shows a ray diagram of a
Galilean telescope, which is comprised of
a positive objective lens and a negative
eyepiece lens?. Inits afocal setting, the
same situation as the astronomical
telescope arises, whereby rays entering
the system from a distant object are
parallel and the rays leaving the system
are parallel®. In the afocal setting, it is
therefore necessary for the separation of
the lenses (d) to be equal to the sum of
the focal lengths?. d =f's + f'

Costly
Limited near vision magnification

Cosmesis

Limited binocular magnification
Reduced field of view
Weight

Bulky
Can be difficult to use

Training required
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And the magnification (M) of the
telescopeisinits afocal setting is equal to: F

M=- Fe A
Fo

A 4

The enlargement arises due to the higher F F
power eyepiece lens, which therefore

possesses a principal focus close to the F’
lens. Rays from the top of animage —
formed here will subsequently subtend a i
larger angle at the eyepiece lens, creating
alarger image.

A 4

GALILEAN vs.
ASTRONOMICAL TELESCOPES
When calculating the magnification for the

Galilean telescope, the value of M will FIGURE 1. Ray diagram of an astronomical telescope. An object at infinity is focused at the second
always be positive and this indicates it principal focus of the objective lens (F'o). This is at the first principal focus of the eyepiece lens (Fe).

. . . This acts as a virtual object for the eyepiece lens. The image formed from this virtual object is at infinity
produces an upright image. Astronomical

telescopes are also known as Keplerian,

and when calculating the magnification for F E
the astronomical telescope, the value of M
will always be negative indicating that the
image is inverted®.

Utilising the astronomical telescope
for low vision work means adaption is
required to make the image upright and
laterally correct, convertingitto a
terrestrial telescope?. This meansiit is
designed for land-based viewing as
opposed to astronomical, which is used
for astronomy.

A terrestrial telescope will utilise a
prism system/erector system to make the
image upright?’. The use of prism adds

weight to the system and can also reduce FIGURE 2. Ray diagram of a Galilean telescope. In its afocal setting, rays enter the system parallel,
and rays leave the system parallel

image contrast; however, the prism can
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also shorten the optical system. the same magnification value (which would

If, for example, a Galilean telescope is calculate as 2x). Figure 4 and Figure 5
made from an objective lens of +20.00DS demonstrate the more compact Galilean Galilean Astronomical ‘
and an eyepiece lens of -40.00D, the telescopes and the longer astronomical
separation of the lenses in the afocal telescopes.
setting calculates as: For maximum field of view to be \ \ \ \ L

. 1 1 1 1 \ I l 6 7
d=f'o.+f'=— + —=— + — =+0.05+(-0.025) =0.025m = 25mm - 2 3 4 5
Fo Fe +20 -40
If an astronomical telescope is made achieved, the exit pupil (the image of the FIGURE 3. Difference in length between a
L - . Galilean and astronomical telescope with
from an objective lens of +20.00DS and objective lens formed by the eyepiece lens) 2x magnification
an eyepiece lens of +40.00D, although of the telescope needs to coincide with the
the magnification will be the same as entrance pupil of the eye®. At this position, that is within the system?. As the exit pupil
the previous Galilean telescope, the not only will there be maximum field of is within the system, it can never be in the
separation of the lenses in the afocal view, but there will also be maximum light same plane as the entrance pupil of the
setting calculates as: intensity and maximum image brightness. eye. The exit pupil for the astronomical
system is real and posterior to the
d=f.+f'=— + — = — + — =+ 0.05 + -0.025 = 0.075m = 75mm eyepiece, therefore it is possible to
Fo Fe +20 +40 optimise the field of view, light intensity
and image brightness by aligning the exit

Therefore, the astronomical telescope is All Galilean telescopes have a virtual pupil of the system with the entrance pupil
5cm longer (Figure 3) than the Galilean for exit pupil formed by the negative eyepiece of the eye.

_ e 2




plano 0,20 m-»

FIGURE 4. Astronomical telescopes. These
are variable focus enabling viewing
distances up to 70cm (left) and 20cm (right)

The markings on a telescope will inform
the field of view; it will either have this
value on the telescope as the third
figure, or it can be determined by use of
the first two figures. The first value is
the magnification, and the second value
is the objective lens diameter?. Dividing
the objective diameter by the
magnification will provide the exit pupil
diameter3. A larger exit pupil diameter
will provide a larger field of view? and
vice versa. The differences between
these two systems can be summarised
as shown in Table 2.

CASE RECORD
Mrs B, aged 72 years, has dry age-related
macular degeneration (AMD).

Last eye examination results from six
months ago are as follows:
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GALILEAN ASTRONOMICAL/KEPLERIAN

Produces aninverted image

* Therefore, requires erector
system/prism system

* Adds to weight

* Can reduce image contrast (if not
appropriately coated)

Produces an upright image

* But prisms can shorten the optical

system
Shorter in length Longer inlength
* More compact * Bulkier/less compact
e Lighter * Heavier

Exit pupil is real and posterior to the

eyepiece

* Therefore, possible to optimise field
of view, light intensity and image

Virtual exit pupil inside system brightness by aligning the exit pupil

* Field of view, light intensity, image of the system with the entrance pupil
brightness = compromised of the eye

* Therefore, optical system often not as * NB: Still usually suffers from small
good as astronomical field of view?, but always better than

equivalent powered Galilean system

* Exit pupil is small, therefore,
telescope has to be held close to the
eye, and very still; movement away
from the eye reduces field of view

Cheaper than astronomical

* But more expensive than other simpler More expensive than Galilean
aids such as hand-held Variable focus in both types more
* Variable focus in both types more expensive than fixed focus.

expensive than fixed focus

Magnification usually limited to 2-3x Beyond 2-3x Keplerian is used

FIGURE 5. Galilean telescope showing size
b LIE Eel TABLE 2. Summary of differences between Galilean and astronomical telescopes

discern detail around the area of loss

R +1.00/-0.75x906/24 within the usually intact peripheral vision®.
Add +4.00D N14 @25cm As shown in Table 1, one of the
advantages of providing a telescope for
L +1.25/-0.25x906/36 Mrs B would be the ability of a telescope to
Add +4.00D N18 @25cm be utilised for distance tasks*. This may,
therefore, be a solution to the patient'’s
Likes to travel but struggles to see the identified need of seeing the train boards
train boards at the train station. Also at the train station.
wants help at near to read books (N10) Telescopes can also be adapted for
font. Previously had a hand-held near. The case record informs us that the
magnifier but found this tiresome to patient has already tried a hand-held
hold, also tried a stand magnifier but this magnifier, a stand magnifier and a
caused discomfort due to posture and a spectacle-mounted magnifier for this
spec-mounted magnifier had too short a task. However, they struggled with holding
working distance which they have also the aid for a long time, posture and the
tried. short working distance.
Macular degeneration gives rise to Other advantages shown in Table 1
central vision loss*, which can respond inform us that telescopes have longer
well to magnification to enable people to working distances compared to other




magnifiers?, which can aid posture and can
also be hands-free if spectacle mounted.
Therefore, using a telescope for the near
task may also be a good choice.

In tackling the patient’s need to view
the boards at the train station, the first
thing that needs to be considered is the
power required for the telescope to enable
this task. For spotting train boards, a
suitable visual acuity target may be 6/12.
Therefore, using the eye with the better
VA, we can calculate the starting
magnification using the following formula:

Achieved VA 24 2x
RequiredVA 12

Starting mag =
For Mrs B and the task of reading train
boards as well as something lightweight
and portable, it would be good to consider
a hand-held monocular? (e.g. right image
in Figure 4) as it's easier to carry around
than a binocular aid. It could be hung
around the neck for easy access or if Mrs B
wished to be more discrete, taken out and
used with the eye with the better VA to
see the task and then put away again. A
finger-ring attachment can make the
telescope easier to hold and help keep it
steady.

Before handing the monocular to Mrs
B to try, it would be good to discuss how it
was used and demonstrate the focusing
mechanism —letting the patient have a try
at rotating this prior to looking through. It
is also quite important for the practitioner
to focus the telescope for the patient on
the object to be viewed, as only minor
adjustments with the focusing
mechanism will then be required.

A very blurry image that is nowhere
near in focus can give rise to the patient
focusing one way and then the other
because it does not appear to get clearer
in any direction, making using the aid
appear difficult. Some telescopes have a
slide system enabling use with one hand**;
which can be easier to use compared to
the traditional rotation mechanism.

As maximum field of view is obtained
when the entrance pupil of the eye
coincides with the exit pupil of the
telescope, it is important for Mrs B to hold
the monocular distance telescope as close
to the eye as possible. Telescopes have a
rubber seal surrounding the end of the
telescope to enable good positioning of
the eye. However, ideally Mrs B would be
wearing her distance prescription to

FIGURE 7. Telescope lens adaptor with
Galilean telescope screwed into the fit

correct the ametropia, particularly the

astigmatism. When spectacles are in use,
the vertex distance of the spectacles can
hinder this relationship for the best field
of view to be obtained. In this instance,
Mrs B could be instructed to fold over the
rubber end to enable her to get as close to
the eyepiece lens as possible.

Should a patient not be wearing their
distance correction then this will have an
effect on the available magnification. The
uncorrected ametropia effectively
modifies the effect of the eyepiece?.

TACKLING THE NEED

TO READ BOOKS

The above case record informs us that Mrs
B has already tried a hand-held magnifier,
a stand magnifier and a spectacle-
mounted magnifier for this task.

abdo B

However, she struggled with holding the
aid for along time, posture and the short
working distance. If requiring a hands-free
aid and a longer working distance
compared to other magnifiers (Table 1),
which can also aid posture compared to
other aids, a near vision telescope could
be a good choice. The magnification and
acuity reserve also need to be considered
for this task.

Our acuity reduces the longer we do a
task, meaning we need a bit of reserve to
enable us to continue. For a spot task,
such as viewing the timetable on boards
at a train station, no reserve is needed and
a stronger than needed telescope will
reduce the field of view* and cause the
image to jump around more.

For prolonged/sustained tasks, such
as reading a book, acuity reserve may
need to be considered’. There are two
schools of thought to create enough
acuity reserve; the magnification supplied
would usually be 2:18 or 3:17 from the
calculated starting magnification.

The starting magnification required
for book reading is '%40=1.4x hence
employing acuity reserve this should be
increased to 2.8x (approximately 3x) or
4.2x (approximately 4-4.5x). However, a
higher power would create other
challenges, such as a significantly reduced
field of view®, which may also hinder the
patient using the aid. Ideally, the
magnification supplied should be the
lowest possible that enables the task to
be performed.

ADAPTING A TELESCOPE

FOR NEAR USE

For Mrs B, one method of adapting a
spectacle-mounted telescope for near
tasks is to attach a reading cap (a positive-
powered lens that allows a distance
telescope to focus at a specific near
working distance). As it is preferrable to
maintain the existing spectacle
correction, a way to provide a near
telescope (also referred to as a
telemicroscope?) is to mount a distance
telescope onto the spectacle lens of the
better eye using telescope lens adaptors.
These adaptors, once affixed to the
spectacle lens (Figure 6), allow the
selected distance telescope to be securely
screwed into place (Figure 7), after which
an appropriate reading cap can be added
to achieve the required near working
distance.
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Important measurements are the
centration distance and heights; also, the
lens aperture requires enough space for
the attachment to fit onto it. Perfect
alignment is required to enable maximum
field of view. Once fitted to the desired
measurements, the DO can provide a
physical check that the telescope is in the
correct position by looking at the eye with
the telescope in place to confirm if the eye
is central while being aligned horizontally
and vertically with the centre of the
telescope.

The addition of the reading cap
effectively alters the power of the
objective lens. The reading cap will
neutralise the negative vergence arriving
at the telescope from the near object, and
the rays will then enter the telescope
parallel as they would when it was being
used for distance —and therefore also exit
the telescope parallel. To work out the
dioptric power needed to neutralise the
incident negative vergence is as follows:

1
Working distance

Fcap = -

It is found that Mrs B can be comfortable
reading at 15cm. Therefore, the reading
cap required is:

Fcap = -

o =+6.67DS
-0.15
Due to availability, it is likely that a +6.00DS
reading cap would be chosen. The reading
cap being added to the system influences
the amount of magnification the system
provides. Due to the reading cap and the
telescope being two different types of
magnification methods, the resultant
magnification is a product of the two. So,
the resultant magnification of the near
vision telescope (utilising the
magnification required for the distance
telescope) for Mrs Bis:

Fo_ Fap ___ +6.00
Fo X 4 X4

Mtelemicroscope = -

This combination appears to work well for
the magnification required at near using a
2:1 ratio for acuity reserve. If, however, a
longer working distance was required, such
as 33cmrequiring a +3.00DS reading cap,
then the resultant magnification would be:
Fe Fesp +3.00
X =2Xx
Fo 4 4

Mtelemicroscope = =

5 DISPENSING OPTICS FEBRUARY 2026

=3x

FIGURE 8. Galilean spectacle-mounted near vision telescope (left),
and RidoMed near vision telescope (right)

Therefore, the longer working distance
need has reduced the resultant
magnification. In this case, the distance
telescope would need to be increased to
4x to get the same resultant 3x overall
magnification at near.

Another way to adapt a telescope for
near is to alter the distance between the
objective and the eyepiece, which can be
done with the provision of a variable focus
telescope. If the longer distance of 33cm
was required, altering the distance
between the lenses does not reduce the
resultant magnification as much as a
reading cap would for the same working
distance. In this instance, the vergence
arriving at the telescope is overcome by
the objective lens.

Using the same distance magnification

of 2x a 33cm working distance would give
rise to -3.00D arriving at the telescope
(L=1/-0.33) and the objective lens would
overcome this vergence. However, this
then effectively makes the objective lens

+17.00D (F,-L= +17.00D) and the resultant

magnification would now be
2.35x (M= -F./F,= - 40/17).

To create the situation whereby the
focal lengths for these powers coincide is
dealt with by the altering of the
distance between the lenses
using the variable focus
telescope. The final way a

distance telescope can be adapted for near

is to alter the power of the eyepiece lens.

Mrs B may get on well with a monocular
near telescope due to the difference in the

near VA. However, the benefit of

maintaining binocularity would be a wider
field of view. To maintain
binocularity near centration
distance for the working
distance, the barrels of the

=1.5x

telescopes for each eye also need to be
converged appropriately to align with the
visual axes for the specific near working
distance.

Arelatively easy-to-fit and use
binocular spectacle mounted telescope is
the MaxDetail by Eschenbach (Figure 8 —
pictured left). A clip-on version is available
for people who need to wear an
appropriate spectacle correction.
However, these come in a low 2x
magnification’® and there are times when a
higher power is needed. An example of a
higher power binocular telescope is the
RidoMed (Figure 8 — pictured right) which
comes in 3x and 4x magnification?’.

ADVICE FOR MRS B AND TRAINING
Training in use is important to enable the
best success with the aid, and the patient
needs to be instructed on which eye to use
if providing a monocular distance aid and
how to focus the telescope. Another tip is
for the patient to support the elbow of the
arm holding the telescope with the hand of
the other arm, which can make it less tiring
to hold. Also helpful is to hold the
monocular so the hand and wrist of the
arm holding the telescope covers the eye
not being used, in case the patient has
difficulty suppressing the other image.

Itis not always possible or practical for
the practitioner to dedicate time to take
the patient out and about with the
telescope to provide further training; this
can also be outside the DO's knowledge
base, therefore, a referral to a vision
rehabilitation specialist can be undertaken
who can train the patient to use the
telescope utilising their specialist
knowledge. It can, therefore, be useful to
investigate how areferral is done in the
patient's area.
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FIGURE 9. Target without 2x telescope (left) and target view through a 2x telescope (right),
demonstrating the reduction in the field of view between the two situations

One of the most important pieces of
advice is that the telescope cannot be used
whilst mobile, due to the restricted field of
view'. Figure 9 demonstrates the stark
difference in the field of view taken through
arelatively low magnification of 2x.

However, a bioptic, which is a small
telescope mounted on to a carrier lens
above the primary visual axis, usually in
front of one eye’?, can be considered if the
patient wishes to have a more mobile aid.
The aid is operated by lowering the head to
view through the telescope when needed®®.

However, the patient still would not be
able to walk around whilst looking through
the telescopic component due to the small
field of view, which is on average 10-15° for
a 3x bioptic telescope!?. The patient would
look through the normal lens and when
wishing to magnify something of interest,
such as the train timetables, then stop and
lower their head to view through the
telescopic component. An autofocus
biopticis also a possibility.

Where a patient requires a telescope
for activities such as watching the
television, then a spectacle-mounted
telescope for distance use would avoid the
need to hold a telescope. An example of an
easy-to-fit and supply aid that can be
considered here is the MaxTV (Figure 10),

FIGURE 10. MaxTV spectacle-mounted
telescopic device

which comes in a low power of 2.1x with
clip-on versions available that flip-up. The
clip-on with flip-up ability could also be an
option for Mrs B for the train boards, with
the patient standing still and flipping it
down when in use and moving it back out
the way when she continues moving.
However, this is less discrete and heavier
than using a simple monocular.

A monocular aid was considered for Mrs
B, however, sometimes a binocular aid may
be more appropriate. For example, if we
consider a patient who has patchy field loss
in each eye and the same VA in both eyes,
the use of a binocular allows both eyes to
contribute to vision. Areas of defect in one
eye may be compensated for by the other,
effectively widening the patient’s usable
vision and reducing the impact of the
defects?®.

CONCLUSION

The telescope is suited for distance tasks
and near tasks. It can possess alonger
working distance compared to other low
vision aids, and can be monocular, binocular,
hand-held or spectacle-mounted®. It can be
used with or without correction, depending
on the patient’s need. It can also be used as
a field expander when reversed, due to the
minification of the image when viewing
throughitin this orientation. Therefore, it
is an aid that can be considered within the
dispensing optician’s toolbox to assist
patients who may benefit from the
telescope’s advantages.
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LEARNING OUTCOMES
FOR THIS CPD ARTICLE

DOMAIN: Communication

2.1: To effectively

communicate the

benefits and limitations
of telescopes for low vision patients,
explaining and demonstrating their
correct use using professional
Jjudgement to adapt language and
communication strategies to
individual needs.

DOMAIN: Clinical practice

5.3: Identify the benefits
‘

and limitations of
telescopic aids for low
vision patients in relation to distance
and near tasks and apply this to
inform the care you provide.
7.1: Conduct an appropriate low
vision assessment to determine
suitability for telescopic aids,
addressing both distance and near
tasks, and accurately calculate the
required power for specific activities.
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