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Antony van Leeuwenhoek (1632-
1723) of Delft, The Netherlands, 

advanced the science of microscopy 
sometime before 1668 with his obser
vations through a simple glass bead. 
Although Leeuwenhoek did not 
invent the microscope—compound 
microscopes had been in use nearly 
40 years before he was born—his rel
atively crude, hand-built creations 
were an order of magnitude better 
than the best microscopes available at 
the time. Leeuwenhoek was able to 
describe microscopic objects, such as 
blood platelets and "animacules," 
that had never been resolved using 
multi-lensed instruments, and he 
achieved magnifications of over 200 
using a single, simple lens. 

The question of how Leeuwen
hoek was able to achieve such mag
nification through a single lens has 
been questioned in the ensuing 
centuries. How was he able to dis
cover bacteria without compound 
lenses? Highly magnified images 
through bead lenses are terribly 
distorted, and although Leeuwen
hoek was not forthcoming in his 
description of lens-making, simple 
lenses of such large magnifying 
power would seem to approach a 
spherical configuration. 

Paddle design 
This question was answered for me 

by Rick Steenblik,1 who walked into 
my office and proceeded to hand me 
his interpretation of Leeuwenhoek's 
microscope design. It was a wooden 
paddle with a hole through the cen
ter (to admit light from an external 
source). Attached to the paddle on 
one side was a light shield, made of 
sheet brass. A tiny hole was drilled 
in the light shield. Two brass springs 
were arrayed under the shield to 
hold a glass microscope slide, and 
the elevation of the shield above the 
slide was controlled by a finger-
operated screw through the paddle. 
"Look through this," he said. 

To my amazement I saw protozoa 
frolicking around in a drop of water 
on a slide. The image was clear and 
sharp, with a magnification of over 
50. The lens was a tiny glass bead. 
Rick had enhanced the image 
through the spherical lens by a sim
ple design feature: he had stopped 
the lens down. He was using less than 
30% of the center of the bead, mean
ing the distortion caused by the 
spherical shape of the bead was 
greatly reduced. By using only the 
middle of the field, he was treating 
the spherical bead as a doubly convex 
lens. The performance of this simple 
contrivance was very impressive. 

Pocket watch design 
Not to be outdone, I proceeded with 
my own versions of Leeuwenhoek's 
microscope; a couple of my designs 
are shown here. The goal of my first 
attempt (see Fig. 1) was a folding 
pocket microscope, exploiting the 
inherently small size of a Leeuwen
hoek instrument. I started with a 
small piece of wood, sized for a com
fortable fit in a pocketwatch. The 
wood was split in two, to make both 
the microscope body and a hinged 
cover to fit over it in folded position. 
The body was precisely hollowed out 
with a milling machine for the 

microscope mechanism and the lid 
was hollowed to fit over protruding 
machinery. 

Here I must digress to describe 
the type of wood used. The wood 
had to be able to support #0 screw 
holes, tapped to 80 threads per inch; 
this is a lot to ask of any non-
metallic material. Steenblik suggest
ed pink ivory, which, to the best of 
my research, is the rarest wood still 
in existence. It comes from Africa, 
where at last count there were 12 
trees. Not only is the wood beauti
ful, but it can be machined with 
great precision and will reliably sup
port 0-80 holes. It is immune from 
warpage, dimensional creep, and 
other annoying habits of wood. My 
fragment came from Carlton 
McClendon's Rare Woods and 
Veneers of Atlanta, Georgia. 

The main chassis for the micro
scope was machined from 1/16" ster
ling silver, and engine-turned on the 
surface to obscure scratches from 
microscope slides. The light shield 
and slide clips are cut from thin 
brass stock and gold plated. The lid 
hinges are miniature box hinges 
from the hardware store, and the 
latches are clothing snaps. 

To operate the microscope you 
open it, insert the slide from the left 
under the shield, hold it close to the 
eye, and focus with your right 
thumb. A recessed thumb wheel is 
reduction-geared to a screw-jack 
under the light shield for focusing. 
Light sources are selectable, using 
another recessed wheel under your 
left index finger. This wheel is 
reduction geared to a turntable 
under the chassis. Five possible light 
sources index into place: a tungsten 
incandescent bulb, a yellow LED, a 
red LED, a straight hole through the 
body to an external source, or a hole 
covered with a blue filter. The active 
sources are powered by two silver-
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oxide cells, located under the 
chassis, and light intensity is contin
uously adjustable using a sub-
miniature potentiometer, available 
on a knob at the top right of the 
chassis. The knob is too small to 
grasp, but it. is slotted for the 
thumbnail. To turn off the light 
source you simply index the filter 
hole. 

The lid opens with a sub-door to 
reveal a storage space for a micro
scope slide, where I keep a favorite 
demonstrator—an aphid. A recessed 
button opens the door. Inside the lid 
is clipped a miniature Phillips 
screwdriver for tightening screws 
and for removing the chassis for 
battery renewal. 

We had predicted optimum per
formance of the simple lens with fil
tered blue light, but to our surprise 
the instrument performs very well 
under the red LED, possibly because 
the light is nearly monochromatic, 
minimizing chromatic aberrations. 
Different details of a specimen are 
visible under the various light 
sources, and all work well. 

Wooden case design 
My second design (see Fig. 2) uses 
an identically sized piece of pink 
ivory, but with the chassis built out 
of solid brass, made to slide in and 
out of the hollowed wooden case. A 
foot, recessed in the bottom of the 
chassis, swings out to hold the 
instrument in an upright, operating 
position on a table top. Bending 
over the microscope, you can look 
into the small shield on top, and 
focus with your right thumb and 
forefinger, twisting a knurled knob 
recessed in the chassis. Light is con
ducted to the underside of the slide 
through a fiber optic, which is 
loaded on the other end by one of 
three selectable active light sources: 
red LED, yellow LED, or tungsten. 

The sliding light-
source selector is at 
your left thumb, and 
the intensity is ad
justable through a 
recessed potentiome
ter. A polarizing filter 
is available atop the 
light source, by a 
slide-out switch, and 
the leveling jack 
under the front of the 
chassis screws com
pletely out to reveal a 
Phillips screwdriver 
for battery replace
ment. The two micro
scopes are shown 
folded for carrying in 
a pocket in Figure 3. 

I invite the reader 
to participate by 
bui ld ing an inter
pretation of the 
Leeuwenhoek design. 
The critical compo
nent is the lens, and 
you can buy excellent 
ball lenses, of glass or 
sapphire. 2 You can 
also make your own 
from glass rod-stock. 
Melt a rod in the mid
dle over a gas flame, 
then pull the ends 
apart to make a glass 
fiber. Next break off a 
piece of fiber, and 
melt it to a ball in the 
flame. 

The highly adventurous can do 
what Leeuwenhoek claimed by 
grinding tiny bits of glass between 
two metal concave cones. One thing 
about making extremely small lenses 
is that not a lot of material has to be 
ground away, so you will discover 
that not only is it possible to make a 
sphere without precision equipment, 
but it's the only shape you can make. 
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Figure 1. My first attempt at a folding microscope. The slide fits under 
the clips on the right. 

Figure 2. A telescoping microscope shown in operating configuration. 

Figure 3. Two pocket-sized microscopes shown in folded condition. 
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