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Figure 10=5. A convex lens hald one focal length from the object of regard will
craate its madrmum onguiar magnification, which is the total magnification to
the viewsr if 1he object remains af the reference distance. A clinical example
would be as fobows: (A) The patient reads an acuily cord of some refersnce dis-
tarce £ and then, (8) without moving the print. he or she places o convex leng
ona facal lkength in front of it The distonce of the lers from the eye i h; thara-
fore, r= f+ h, asuming the lens to be thin
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Mtotal = RDM x  MAM

d Mtotal = x 1 F
. = r/(f+h) x (1+hF)
= r/(f+h) x (f/f+hF)
m = r/(f+h)x (f/f+h/f)
\v = r/(f+h)x (f+h)/f
\i_. = r/f
= = rF

Figuare 10-6. If on abject & moved to o distance other thon the reterence ds-
force, e viewar will recebsa e modmum ongular magnificatian from e kens
ifit is held one focal length from the oblect, and relathe distance magnification
from the postion change, A clinical stuation would be as follows: (A) The po-
tent reads an acuity cord at sorme refedence dstancs r. mavas the print (8} fo
some new distance d, and then places a conves lens ona fooal length In front
of the print (C) at the new dislance. The distance of the lans from the eye s h:
tresrafore, o = F+ b, f tha lens & corsiderad to be Thin,

m Example 10-7. A patient reads 4M print at a distance of 40 c¢m through a
+2.50 add over the best correction. What size print could she read with & +5.00
D hand-held lens held 20 cm from the print?

M=rF
= (.40
M=2X

Since the lens provides 2X, she should now be able to read 2ZM letters
through the distance correction, with the print held 20 cm from the lens:

Magnification = Reference size/Goal size
2X = dM/Goal size
4/2 = Goal size
2 = Goal size

= Example 10-8. A patient reads 6M print at 33 cm with a +3.00 add over the
best correction. What microscope would be required to read 1M print?

Magnification required = Reference size/Goal size
M=0M/1IM
M=06X

Once the required magnification is known, the lens power that will provide it is
calculated as follows:

M = rF
6 =(0.33)F

6/0.33 =F

+18.18 =F




m Example 10-9. A patient has a reference acuity of 0.4/10M through best
correction and the appropriate add, The goal is to read IM print. Tt requires
10X (10M/1M = 10X) to achieve that goal. The lens needed is determined as fol-

lows:
M=rF
10 = (0.4)F
+25=F

If this patient wears a +25.00 D add over best distance correction and
moves the print to 4 cm from the lens, he should read 1M print. In other words,
the +25.00 diopter lens provides him with 10X magnification. Yet a manufac-
turer who used a reference distance of 25 cm would have labeled that +25.00
lens as a 6.25X microscope:

M=rF
M =(0.25)25
M=625X

m Example 10-10. Another paticnt has a reference acuity of 0.25/10M., (She
can read the same size print as the first but must hold it almost twice as close in
order to do s0.) How much magnification this patient would get from that same
+25.00 D microscope and the size print she would be able to read is deter-
mined as follows:

Magnification
M =1rF
M = (0.25(25)
M = 625X
Print size

Magnification = Reference size/Goal size
Goal size = Reference size/Magnification
Goal size = 10M/6.25X
Goal size = 1.6M

In this case, only 6.25X is received from a +25.00 D lens, and she will only
read 1.6M print. In order to read 1M print, this patient also needs 10X, just as in
Example 10-9, but needs a +40.00 D lens to achieve it. That is determined as
follows:

M=rF
10 =(0.2%F
+40=F

Thhiln emeim—e 4. - =

TABLE 10-1. Dioplic power, determined by M = rf, needed to provide a given
magnification for selected reference distances.

Reference Distance (Meters)
Mag o 015 0.20 025 0.30 0.35 0.40 0.45 0.50

2% 20.00 13.33 10.00 8.00 687 L 5.00 4.44 4.00
ax 3000 20,00 15,00 12,00 10,00 a.57 7.50 &7 &.00
4x A0.00 2687 20.00 14.00 13.33 11.43 10.00 BA2 B.O0
ox 50,00 33,33 22.00 20.00 1667 14,29 12.50 11,11 10.00
& &0.00 40.00 a0.00 24.00 20.00 17.14 15,00 13.33 12.00
S F0.00 46,67 35.00 28.00 23.33 20,00 17.50 15.56 14.00
By 000 53.33 A0.00 200 26,47 22,88 20,00 17.78 146,00
oy 20.00 &0.00 45.00 3400 30.00 2571 2250 20.00 18.00
10X 100,00 567 20.00 40.00 33,33 28,57 2500 2222 20.00

Exarmpie: A +20 lens praovides 3X for a reference dstonce of 15 cmoand 10X for a reference disfonce of
50 em
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Figurel0O-7

Figure 10-4. (A) A conves lens forms an erect virtual image of an object locoted
hetwean the lens and its anteriar focal plane. (B) As the object is moved closer
to the anterlor focal plane of the lens, the image formed becomes larger and s
located farthar fram the lans.
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Figure 10-7. {A) A stand mognifier i ploced on an object such as on acuity
card. The stand helght, 5, is less than the focal length of the lens. £, and thers-
fore the bens forms an erect vinual image (dashed amow) some finlte distonce
awoy. (B} Becouse the image |s o finite disfonce from the eye. g presbyopic
pericn wil need an add ower best distonce comection in order to see it as
clearly oz possible, The exception to this nie i3 if the iImage is actually far encugh
awory that It would be in focus through the distance porticn,

® Example 10-13. A stand magnifier enlarges an object 53X, and the image is
positioned 20 em behind the lens. The patient has a +2.50 add and a reference
acuity of 0.4/5M. Where must he hold the magnifier, and what size print should
he be able to read?

Since the patient is in focus at 40 cm through his bifocal, the image must
be located that distance from the spectacle plane. The magnifier lens must
therefore be placed 20 cm from the spectacle plane since the image is 20 cm
behind it €200+ 20 = 400, The image will be at 40 cm and 5X larger, The total
magnification is the product of the RDM and the enlargement, E, by the lens:

M, =RDM x E
My = (40740) % 5X
IﬂiliII:IJ 0 -'K
Magnification = Reference size/Goal size
SX = SM/Goal size
Goal size = SM/5X
Goal size = 1M

® Example 10-14, A stand magnifier enlarges 3% and has an image location
30 cm behind the lens, The patient is totally preshyopic and has a reference
acuity of (0.25/8M through a 44,00 add, she prefers to hold the magnifier 14.5
cm from the spectacle plane, What size print should she read with this stand
magnifier, and what add would be needed?

The image will be 44.5 cm from the eve (30 + 14,5 = 44.5), so a +2,25 add
is needed (100/44.5 = 2,25),

M, =RDM X E
ihl!'l)m::nl=ll:z"}l"l"i'i-':‘} * j'
M, =056 % 3

M =1.68X

voeal




Magnification = Reference size/Goal size
1.68X = BM/Guoal size
Goal size = 8M/1.68X
Goal size = 4.76M

® Example 10-15. The patient is totally presbyopic and has a best corrected
near acuity of 0.4/4M through a +2 50 add. She tries a stand magnifier that has
an enlargement of 2.5X and an image location (i) of 20 cm from the lens, How
can she use this stand magnifier to read 1M print?

Magnification required = Reference size/Goal size
Magnification required = 4M/1M
Magnification required = 4X

since the enlargement of the magnifier is only 2.5X, the relative distance
magnification must provide 1.6X%:

M:mnl =E X RDM
4=25 x RDM
1.6 = RDM

The RDM is found by dividing the reference distance, 40 cm, by the dis-
tance of the image from the eye. This latter distance is equal to the image loca-
tion for the magnifier plus the distance of the magnifier from the eye (h).

RDM = 40/(20 + h)
1.6 = 40/020 + )
h=5cm

Fe equivalent power

Fe equivalent power

Figure 10-8. The squivalent
power of a lens or lens sys-
term can be detarmined by
measuring the heaight () of
the image formed by an
object of known size {20

D ploced at a known dis-
tance (d) from the lens. The
image haight |5 measured
with o contact lens reticle

ar gimilar device, The agquis-

A7 | alent focal length. £ is

Principal planes calculated  from  similar
PR / thangles (f, = dlfC). and

the egquivalent power (F) Is
then determined from the
relationship F_= 1/1,.

fe=di/o Fe
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TABLE 10=6. (continued)

Magnifier ¥ E Vs ifem)  Reference
Agfa loupe 8% 289 780 -4.3 23.5 12
COlL 5123 21.7 &80 -3.7 26.7 12
COIL 5428 156 3.30 -5.8 14.8 12
COIL 5472 50 200 —5.0 20.0 12
COIL 5474 6.8 2.70 -4.0 250 12
Eschenbach 1550 325 11.00 -3.2 0.5 12
Ezchenboch 1555 205 17.40 -1.3 0.0 12
Eschenbach 1558 14.4 3.40 -&0 16.7 12
Eschenbach 1560 1.6 3,20 -5.3 19.0 12
Eschanbach 15465 546 1.80 -7.0 14.3 12
Eschenbach 1580 5.2 1.80 —th 15.4 12
Jupiter loupe 12.3 390 -4.3 235 12
Peak 10X lluminated 2.1 .9 -3.7 267 12
Peak 10X noniluminated 252 7.a —-4.0 250 12
Pealk 15X iluminated 35.0 50 -50 20,0 12
Peak 15% nonliurninatad 41.0 b6 —id.B 21.0 12
Selsi Bar #377 25.0 1.50 -50.0 20 12
Selsi plano-convex

#404 Chrome 0.7 1.60 -17.9 a6 12
Salsl plano-convex

#404 Plosfic 10.7 1.80 =133 1.5 12

“A walue for V wos not publshed and was colculoted by the author from . TA value for i was not pub-
lishad; these values were calculated from V. tCaolculoted from the Investigotors” dato. §F, and V ware
ot published and were calculated from | and E. Some values in this tatoke may differ sightly from the ac-
tual published values due to rounding. It will be noted that fhe some magnifer maoy hove differsnt values
published by differant investigators. This k due to variations in measurement as well as variations in quality

control by the moanufactunars.




TABLE 10-6. Published parameters for selected fixed-focus stand magnifiers.

Magnifier F, E v ifem}  Reference
Agfo-lupe AG-8 295 .00 -3.7 27.1 8
COIL 5123 24.7 736 -39 25,7 8
COIL 5428 141 2,88 -85 11.7 B
Jupiter Stondlupe #4072 12,6 298 =3 158 B
Magnifier g, E v i(cm) Relference
Eschenbach 1153 28.4 26.70 =1.1 91.0 9
Eschenbach 1550 9.8 8.50 -3.7 27.0 9
Eschenlbach 1555 24.6 17.40 -1.4 &9.0 o
Eschenbach 1558 1467 4,80 -42 24.0 Q
Eschenbach 1560 129 a.50 -5.0 20.0 9
Eschenbach 15465 7.3 1.80 -2.1 11.0 Q
Eschenbach 1580 &4 1.70 -8.3 12.0 Q
Eschenbach 2020 il 1.70 =10.0 10.0 9
Eschenbach 25620 High nz 2.80 5.6 18.0 q
Eschenbach 2620 Low 10.8 250 =63 16.0 g
Eschenbach 2623 6.8 2.10 -45,3 16.0 9
Eschenbach 2625 10.1 2.20 -8.3 12.0 Q
Eschenboch 2627 13.4 3.20 =G5 18.0 s
Magnifier oA E V- i{ecm)  Relerence
COIL 4204 18.2 7.70 -27 ito 10
COIL 4208 2246 12.50 =20 51.0 10
COIL4210 298 10.00 ~3.3 0.0 10
COIL4212 3.6 220 —-4.2 24.0 10
COIL5123 23.8 1.00 -40 25.0 10
COIL 5224 18.4 B8.80 -2.4 42.0 10
COIL 5228 23.2 14.50 —1.7 58.0 10
COIL 5210 9.3 720 -4.8 21.0 10
COIL 5212 34.5 .70 -5.0 200 10
COIL 5472 .6 2100 =71 14.0 10
COIL 5474 8.4 2.50 -G8 18.0 10
COIL 5428 17.4 3.460 —&.7 15.0 10
Magnifier F, E v ifem)t Reference
COIL 4206 1a.8 7.0 —2.8 364 11
COIL 4208 23.0 12.50 -2.0 50.0 11
COlL4210 217 8.80 —3.4 28.2 11
COIL4212 31.8 3.50 -4.3 235 11
COIL 5210 292 8.30 —-4.0 250 11
COIL5212 34.5 71.90 —-50 20.0 H
COILs213 4.7 2,30 -5.3 12.0 11
COILE214 9.7 5,30 -2.3 44 4 11
COlL 5224 167 .60 -3.0 ik 11
COIL 5228 222 11.10 -2.2 455 11
COIL 5855 2.3 1.42% -85 182 11
Paak 1940 13.9 .60 —-2.5 40.0 11




