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Many types of magnification described by different authors have dissimilar meanings. 
Basic principles of magnification such as relative size magnification, relative distance 
magnification and angular magnification used commonly in low vision are clarified in 
this paper. The three frequently-used terms of magnification, including apparent magni- 
fication, two relative magnification formulae, namely, M = F/4 and M = F/2.5, and iso- 
accommodative magnification are described. The concepts of equivalent viewing power 
(EVP) and equivalent viewing distance (EVD) are reviewed as an alternative means of 
specifying magnifying power. They represent an intrinsic property of an optical system 
that corresponds to the resolution afforded by the system in terms of dioptric power. 
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The term magnification has become more 
complicated as optometry students learn 
low vision optics. It no longer has a sim- 
ple definition. Specifically, magnification 
is the ratio of the size of the image formed 
by a lens (or lens system) to the size of 
the original object. This ratio can be quan- 
tified by comparing the transverse height 
of the image (h') to that of the original 
object (h),  namely, h ' /h  or by comparing 
the distance of the image from the prin- 
cipal plane (I') to the object distance from 
the principal plane ( 1  ), namely, 1 '/ 1. How- 
ever, this is but one type of magnification, 
commonly referred to as transverse mag- 
nification, lateral magnification, linear 
magnification' or enlargement ratio (Fig- 
ure 1). 

Many other types of magnification have 
been described, each of which infers a 
different meaning depending on the 
context in which it is used. In addition 

to the terms mentioned above, the same 
ratio has been referred to as angular 
magnification, apparent magnification, 
spectacle magnification, relative magni- 
fication, relative spectacle magnification, 
relative distance magnification, relative 
size magnification, nominal magnifica- 
tion, effective magnification, perceived 
magnification, conventional magnifica- 
tion, actual magnification, rated magni- 
fication, traditional magnification, true 
magnification, iso-accommodative mag- 
nification, manufacturer's ratings and 
magnifying power.',"* 

It is not surprising that these terms may 
lead to different interpretations. The  
problem is accentuated when different 
authors use different terms to mean the 
same thing, while others use the same 
term to mean different things. One per- 
son's apparent magnification turns out to 
be another person's conventional magni- 

fication, which is someone else's effective 
magnification. This turns out to be an- 
other person's angular magnification and 
so on. Some other person's traditional 
magnification becomes another's per- 
ceived magnification, transverse magnifi- 
cation and even someone else's relative 
rnagni f ica t i~n . '~~ .~ .~  This inevitably leads to 
frustration, particularly for the intern who 
is not only attempting to link names with 
basic principles, but who is also trying to 
sort out the various conceptual differ- 
ences. This confusion has left some stu- 
dents with a phobia for the term magnifi- 
cation simply because the  precise 
meaning and the context in which it is 
being used is not always clear. Low vision 
practitioners have debated the solution to 
this problem for the past 20 years.'"" 

The ambiguity extends into the area of 
low vision and consequently the analysis 
of magnification produced by low vision 
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aids can be challenging. However, as an 
optometrist, it is essential to understand 
the principles of optical magnification in 
order to provide complete care to low 

is to clarify the meaning of the term mag- 
nification and to describe the various types 

vision aids. In low vision, magnification 
effects are achieved in three ways. 

vision patients. The purpose of this paper 

of magnification, as they apply to low - 1' ___+ 

+ - I - - +  

Figure 1. Linear (transverse) magnification = h'/h= 1'/ 1 

TYPES OF MAGNIFICATION 
IN LOW VISION 

Angular magnification (Ma) 
Angular magnification increases resolu- 
tion through the use of an optical instru- 
ment that creates an image, the angular 
subtense of which is larger than the angu- 
lar subtense of the actual object. Thus, 
angular magnification is the ratio of the 
angle subtended by the image formed by 
the magnifier (a') to the angle subtended 
by the object without the magnifier (a); 
tha t  is Ma = ct'/a. This is shown in 
Figure 2. A plus lens is used as an exam- 
ple, where x is the distance between the 
eye and the lens. Any multiple-lens mag- 
nifying system can be reduced to a simple 
plus lens located at the principal planes 
of the lens system. 

Although many types of magnification 
can be described in terms of angular mag- 
nification, it is the magnification created 
by an increase in the angular subtense of 
the object being viewed without increas- 
ing the actual object size or decreasing the 
object distance that is generally referred 
to as angular magnification. 

Relative size magnification (Ms) 
Relative size magnification increases the 
resolving ability of the observer by in- 
creasing the actual size of the object be- 
ing viewed. Examples include large-print 
books and cheques, larger television sets 
or computer terminals and closed circuit 
television sets (CCTV). As in any magni- 
fication situation, relative size magnifi- 
cation is determined by comparing the 
angle subtended by the enlarged object 
(a') at the entrance pupil of the eye to 
the angle subtended by the initial object 

I \ 

J 

Figure 2. Angular magnification = a'/a 

+------I- u 
Figure 3. Relative size magnification = a'/a = tan a = h,/h, 
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Figure 4. Relative distance magnification = a'/a a'/ tan a = l I /  4 

Method Examptes 

Rslsltis sire magnification Increasing the actual size Larger print material 
of the object being viewed 

the object and the eye 
Increasing angular subtense Telescope, microscope 
of the image being viewed 

distance magnification Reducing the distance between Move object closer to 
the eye 

and magnifiers 

Table 1. Three types of magnification 

( a ) ,  that is Ms = a'/a.  This is shown in 
Figure 3. Because a z tan a and a' z tan 
a', assuming small angles, and tan a is 
directly proportional to h and tan a' is 
directly proportional to h', then: 

Ms = a' /a  z tan h,/h,. 

Relative distance magnification (Md) 
Relative distance magnification increases 
resolution by reducing the distance be- 
tween the object and the eye. As with Ms, 
this results in an increase in the angular 
subtense of the object at the entrance 
pupil of the eye and the magnification ef- 
fect is obtained by comparing a' with a. 
In this case, magnification is determined 
by comparing the angular subtense of the 
object at the shortened viewing distance 
due to the magnifier (a')  to the angular 

subtense of the object at the initial view- 
ing distance (a) .  This is shown in Figure 
4, where tan a is directly proportional to 
l/l, and tan a' is directly proportional to 
l /  . Again, if small angles are assumed, 

12 

As stated, relative distance magnifica- 
tion can be achieved by decreasing the dis- 
tance between the object and the eye. With 
low vision aids, this will normally require 
a plus lens placed before the eye. Often 
the observer cannot accommodate ad- 
equately to maintain focus on the object 
to preserve its clarity, due to the large 
accommodative demand created by the 
shortened viewing distance or the lack of 
accommodative ability associated with 
aging, that is, presbyopia. The plus lens, 

used as a hand-held magnifier, also offers 
some amount of angular magnification. 
However, this will decrease as the lens is 
brought closer to the eye, while the rela- 
tive distance magnification will increase 
proportionally, resulting in no overall 
magnification change. At the spectacle 
plane of the eye, the angular magnifica- 
tion becomes negligible and thus, the plus 
lens acts as a low vision microscope. 

From the above description, the various 
types of magnification appear clearly de- 
fined. What then is the source of all the 
confusion regarding the specification of 
magnification for low vision aids? Part of 
the problem is due to the plethora of 
names that have been attached to the term 
magnification. This is because magnifica- 
tion is a comparative term and requires a 
mutually understood standard of refer- 
ence and here lies the source of confu- 
sion. Different names have been given to 
different types of magnification based on 
the frame of reference used. Table 1 
describes the three types of magnification. 

TERMS OF MAGNIFICATION IN 
LOW VISION 

Some studies (Bai le~ ,~ .~ ,~ , '  Bennett'*5) have 
attempted to clarify this by proposing dif- 
ferent standards of reference. According 
to Bailey,4 three types of magnification 
have evolved in the attempt to specify mag- 
nification in the realm of low vision. 

Apparent magnification 
The first type Bailey4 refers to as apparent 
or perceived magnification and is defined 
as the ratio between the angle subtended 
by the image at the entrance pupil of the 
eye and the angle subtended by the ob- 
ject when the magnifier is removed. This 
is essentially angular magnification. Al- 
though apparent magnification is helpful 
in quantifying the magnification effects 
that the subject experiences, it does not 
serve any clinical purpose in terms of pre- 
scribing a magnifying aid. This is evident 
when the object is kept at the anterior 
focal plane of the lens. The distance be- 
tween the observer and the lens will not 
affect the angular subtense a' of the im- 
age at the entrance pupil of the eye, while 
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a (Figure 2) will change when the dis- 
tance between the subject and the object 
( I )  is varied. Consequently, apparent mag- 
nification (based on a ' /a )  will change 
with viewing distance ( I ) ,  while the mini- 
mum angle of resolution (based on a ' )  
will not and it is this minimum angle of 
resolution that is important to the clini- 
cian in determining the power of magni- 
fier required. Thus, a magnifier must have 
the viewing distance specified (or at least 
known) in addition to the equivalent 
power of the lens, if apparent magnifica- 
tion is to be of any clinical use. 

Relative magnification 
Bailey" lists another type of magnification 
known as relative magnification, which is 
sometimes called effective magnification, 
traditional magnification or conventional 
magnification. ' Relative magnification 
compares the size of the retinal image pro- 
duced by the magnifier to the retinal 
image size produced by the object, when 
viewed at a standard distance without the 
magnifier. Thus, it is the ratio between the 
angle that the image subtends at the eye 
due to the magnifier (a ' )  and the angle 
subtended by the object viewed without 
the magnifier (a2;) at a standard distance, 
usually 25 cm. This distance has been 
termed the 'least distance of distinct 
vision' (LDDV). Thus, 

angle subtended at eye by 
image produced by lens 

eye by object at LDDV 

This is shown in Figure 5. If small angles 

- a' 
angle subtended at unaided Q 

_ -  
Mrel= 

are assumed, then: 

Q '  tan a' 
rp l  ~1 tan a M = - = -  

From figure 5, 
I 

h 
tan Q = - h' 

tan Q'= - 
- l '+x -d 

tan a' h'(-d) 
tan a h(x-1') 

Myel= - = - 

For h' L 
h L' 
_ -  - -  

h'(-d) L ( d )  ..,M =-=- "' h(x-1') l-(x)(L') 

F 

* 
4 I '  - b t x  -+ 

Figure 5. Relative magnification = a'/a f tan a'/tan a 

F 

Figure 6. Relative magnification when the object is placed at the anterior focal plane 

When the object is placed at the ante- 
rior focal plane, the image is formed at 
infinity. Thus, the relative magnification in 
this case becomes: 

Many manufacturers use this formula to 
calculate the magnification value given for 
their instruments. They assume a refer- 
ence distance, d = 25 cm. Thus, this mag- 
nification has been referred to as trade 

-F(d)  magnification or  manufacturer's rating 
magnification (Mmfr),  that is, M,,,fr = F/4. 

Clinically, relative magnification is use- 

U d )  - (IL'-F)(d) 
Mrd= ___ - 

___ = 
1 - ( x ) v . ' )  1- ( X K O )  

Taking d as an absolute positive value 
and D = l / d ,  then: ful because it correlates the resolution of- 

fered by a magnifier to a given standard 

F 
MTel =-F(d) = -F(-d) = - D 

of resolution ( tha t  is, the resolution 
obtained for an agreed standard distance). 
Thus, unlike apparent magnification, 
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-- - --- longer be as shown in Figure 6. Specifi- Myopic eye 

Figure 7. Effect of ametxopia on relative magnification 

improvements in resolution can be pre- 
dicted using relative magnification. Spe- 
cifically, relative magnification can be used 
to predict the magnification required 
when the resolution from a previous mag- 
nification aid is known. For example, if a 
subject was able to read 1M through an 
8 D lens at a viewing distance of 25 cm 
(Relative magnification, Mrel = F/4 = @)/4 
= 2x), then for 0.5 M letters.(a two-fold 

viewed without a magnifier at a viewing dis- 
tance of 25 cm. It does not indicate a mag- 
nification per se as the subject will experi- 
ence an apparent magnification effect, that 
is, the image will subtend a larger angle 
compared to the object at the same viewing 
distance without the magnifier. This makes 
relative magnification particularly confus- 
ing when attempting to relate such infor- 
mation to patients. Another disadvantage 

improvement in resolution) to be read at 
25 cm, a magnifier with a relative magni- 
fication twice the initial magnification or  
ilx, would be required. The equivalent 
power of the magnifying lens required 
wouldthenbeF=Mx4= (4) x4=+16.00D. 
It is assumed that the object is always 
placed in the anterior focal plane of the 
magnifier, thus creating an image at in- 
finity. One disadvantage of this is that Mrel 
can be less than one. An Mrel less than one 
means that the image produced is smaller 
than that produced when the object is 

of relative magnification is that it is equal 
to the actual magnification only when cer- 
tain conditions are met. Specifically, when: 
a. the patient is emmetropic or corrected 

for any ametropia 
b. the object is in the anterior focal plane 

of the magnifier, so that the image is 
formed at infinity 

c. the reference object size (with which 
the magnifitd image is compared) cor- 
responds to a distance of 25 cm. 

Let us consider these three factors 
individually: 

tual magnification observed (as Fa is posi- 
tive). The converse is true for a hyperopic 
eye, the resultant magnification being 
smaller than the manufacturer’s specified 
magnification. 
b. If the object is located at a distance less 
than one focal length of the lens, the effec- 
tive result is an increase in the equivalent 
power of the magnifier because the exiting 
rays leaving the lens will be divergent. As M 
= Feq/4, the actual magnification observed 
will also increase. Conversely, if the object 
is farther from the lens than its anterior 
focal point, then the effective power of the 
magnifier will be decreased, as the rays ex- 
iting it will be convergent and thus the 
magnification will be decreased. In real- 
ity, the subject would have to accommo- 
date (or have an appropriate reading ad- 
dition) if the object was closer than one 
focal length. A negative lens would be re- 
quired if the object was placed farther 
away than one focal length. 

Some manufacturers use this scenario 
where the object is not in the anterior fo- 
cal plane of the lens in the calculation of 
their ‘manufacturer’s rating magnifica- 
tion’ marked on their instruments. There 
is yet another  type of magnification 
termed iso-accommodative magnification. 
In this case, the object distance used is 
such that the resultant image distance 
equals the particular patient’s normal 
reading distance from the eye. 
c. If the reference object distance used is 
not 25 cm, then it is obvious that the for- 
mula M = F/4 would have some other 
number in its denominator instead of 4. 
For example, if the reference object size 
was obtained at a distance of 33 cm, then 
the magnification observed would be 
M = F/3. Low vision practitioners have 
suggested a standard reference distance 
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of 40 cm, instead of 25 cm. As this is said 
to be a more realistic reading distance and 
the distance at which most near vision test- 
ing is conducted, resulting in the formula 
for M ~ ~ ,  = F/2.5. 

Iso-accommodative magnification 
The final type of magnification Bailey“ lists 
as manufacturer’s ratings, which has also 
been referred to as rated’ magnification, 
conventional magnification4 and iso-ac- 
commodative magnification.’ Iso-accom- 
modative magnification is defined using 
an object distance, such that the result- 
ant image is located at a standard distance 
from the eye. The reference distance used 
for comparison is chosen, so that it is equal 
to this standard image distance. The iso- 
accommodative magnification is then the 
ratio of the angle subtended at the en- 
trance pupil of the eye by the magnified 
image (a’) to the angle subtended by the 
corresponding object when viewed from 
the same distance from the eye without 
the magnifier (a). This is shown in Fig- 
ure 8. 

As 
a’ L(d) 

Miseacc= = w, 

Figure 8. Iso-accommodative magnification 

Term VIewtng distance 

Apparent magnification 

Relative magnification 
\so-accommodative magnification 

No specified viewing distance 
A standard distance chosen for comparison (usually 25 em). 
Same distance of the object and image from the eye 

L = L ’ - F  
Table 2. Terms of magnification in low vision 

For the magnifier close to eye, x = 0 

Taking d as an absolute positive value 
and D = l /d ,  then: 

L’= -D = -1/d 

F 
= I +  - D 

MisWacc is actually a type of relative mag- 
nification with the exception that the ob- 
ject is now located outside the anterior 
focal plane of the magnifjmg lens. Mrel = 

F / ~  can be applied if F is taken as the 
equivalent power of the lens-eye system. 
From Figure 8, it is clear that the eye has 
to accommodate o r  requires a reading 
addition of Fa = ‘+D’ D (where D = /d) to 
keep the image clear. The equivalent power 
of the system is thus F = F + Fa - x FF,, 

eq 

where F = power of the magnifier, x = dis- 
tance between the magnifying lens and 
the eye/reading addition. Thus: 

Again, if x is assumed negligible, then: 

When the reference distance is 25 cm, 
then the formula would be expressed by 
Miso-acc = 1 + F/4, Many textbooks have 
used this formula and regarded it as the 

original form of the iso-accommodative 
magnification. Practically, the normal 
working distance for the patient may not 
be 25 cm. Some manufacturers use this 
formula instead of the relative magnifi- 
cation formula, Mrel = F/D, given above, 
to calculate their manufacturer’s rating 
magnification using a reference distance 
of d = 25 cm. 

This is obviously not equal to the rela- 
tive magnification obtained when the ob- 
ject is located in the anterior focal plane 
of the magnifier (that is, M = F / ~ ) .  Thus 
caution must be exercised to determine 
the conditions under which the manufac- 
turer’s magnification applies. Specifically, 
three assumptions are inherent in this 
formula: 
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Figure 9. Equivalent viewing power (EVP) 

a. The magnifier is placed close enough 
to the eye such that the lens to eye 
distance is negligible. 

b. The reference viewing distance is 25 cm 
(least distance of distinct vision). 

c. The image produced by the magnifier 
is also at  a distance of 25 cm, thus 
requiring an accommodative state (or 
near reading addition) of + 4.00 D. 

If these assumptions a r e  n o t  met,  
erroneous conclusions will result. 

The three terms of magnification are 
listed in Table 2. 

The above discussion reveals the logic 
behind Bennett’s term ‘iso-accommoda- 
tive magnification’.’ The accommodative 
state of the eye remains unchanged when 
the object is viewed without the magnifier 
(at the reference object distance) and 
when it is viewed with the magnifier (at a 
distance so as to create an image at the 
standard distance from the eye). The ad- 
vantages of the iso-accommodative mag- 
nification as pointed out by Bailey4 are its 
realistic assumption that the patient will 
have an accommodative demand so that 
the image is at  the favoured distance 
closer than infinity and there is no cer- 
tain standard reference distance assumed. 
However, the shortcomings are that pa- 
tients often hold the magnifier at a distance 
longer than their normal working distance 
and every time the working task changes, 
the working distance will also change. 
Thus, the reference working distance must 
always be specified. Perhaps the concept 

of equivalent viewing power (EVP) can 
remove this obstacle, as no standardised 
reference condition is assumed. 

EQUIVALENT MEWING POWER 

The definition of magnification has be- 
come ill-defined. B a i l e ~ ~ . ~ , ~  has proposed 
a complete rejection of its use in favour 
of the term equivalent viewing power 
(EW).  This involves using the equivalent 
power of the system to represent the mag- 
nifying effect of a magnifier. The equiva- 
lent focal length of this system is termed 
equivalent viewing distance (EVD). Ac- 
cordingly, a lens (or lens system) with an 
E W  = ‘X’ D will provide the same resolu- 
tion as if the naked eye were viewing the 
object at a distance ‘x’ metres away with- 
out a magnifier, where X= l/x. 

Figure 9 shows an equivalent plus lens 
of ‘X’ dioptres, which provides the same 
resolution as any lens system that creates 
an angular subtense = a’ at the entrance 
pupil of the eye. Thus, E W  has the ad- 
vantage that it is not relative to some other 
values. Rather, it represents an intrinsic 
property of an optical system that corre- 
sponds to the resolution afforded by the 
system. By knowing the E W  of a system 
the patient’s resolution limit obtained, the 
resolution capability by any other system 
can be known using simple proportional- 
ity. For example, if the near visual acuity 
of a presbyopic patient with t2.50 D is 
20/60 (6/18) at 40 cm, an E W  of +7.50 D 
magnifier will increase the visual acuity to 
20/20 (6/6) at 13 cm. It is also useful for 
a logical and efficient conversion of one 

magnifying optical system to another, pro- 
vided the EVPs of the systems are similar. 
For example, if a tlO.OO D addition is re- 
quired to read 2 M print size, a closed cir- 
cuit television, with 5x magnification 
viewed at a distance of 50 cm with t2.00 D 
addition should also enable the patient 
to read 2 M print. 

It seems that compared with the relative 
magnification, the use of equivalent view- 
ing power (EW) is a more reliable method 
to specify the magnifying power and meet 
the practical needs of the patient. However, 
most manufacturers still use the standard 
reference distance as the basis of specifica- 
tion. Practitioners, because of convenience, 
very often use the relative magnification 
as the tentative prescription. It is best if 
there is a recognised standardised nomen- 
clature for the terms of magnification. 
Deciphering the language of magnification 
at present poses an ominous task to the 
budding low vision clinicians learning 
about low vision magnifymg aids. 
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