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COVER-SLIP THICKNESS GAUGE

Shinya Inoue*

(Article prepared by author in August 2006, based on the actual gauge)

While acting as a teaching assistant in
Kenneth Cooper's Cell Biology course at
Princeton University in 1950, I learned that to
use a microscope with high NA (numerical
aperture) objective lenses, one needs to select
cover slips of the proper thickness in order to
get the best image. The reason was that high
NA microscope objective lenses are designed to
provide an image with minimum aberration
only when used with the designated cover slip.
In most cases, the designated thickness is
0.17mm, coupled with the proper immersion
medium and correct optical tube length,
assuming the specimen is sitting close to the
cover slip (see e.g., Shillaber, 1944; Inoue and
Spring, 1997).

0.17-mm-thick cover slips are available
commercially in boxes designated as #1.5,
but those boxes usually contain cover slips
whose thicknesses range from approximately
0.15 mm to 0.18 mm. In order to examine the
specimen critically at high NA, one then needs
to select those that do not deviate from
0.17 mm by more than +/-0.005 mm, or just a
few micrometers.

To determine such thicknesses, one can
use a machinist's precision caliper micrometer.
However, using a caliper micrometer is some-
what cumbersome, and also one needs to
scrupulously clean the contact faces of the

micrometer. In order to avoid using a precision
caliper micrometer altogether and to simplify
the process, I designed the following cover-slip
gauge that is easy to use and involves no mov-
ing parts except for the cover slip itself, which
acts as the pointer for the thickness scale.

The gauge (Figs. 1 and 2) contains a nar-
row horizontal slit (or "gap") between two hor-
izontally oriented edges of stainless steel razor
blades. The upper blade is mounted directly
onto an upright base plate, while the lower
blade is mounted slightly further out by the
presence of an underlying shim (Fig. 2; in the
photograph, the two half-length stainless steel
safety razor blades are hidden behind the brass
plates which secure them in place against the
thick base plate to the far left). The thick base
plate is recessed behind the gap between the
two blades (to the left in the figures), so that
part of a cover slip which is dropped into the
gap between the two blades protrudes into
this narrow recess. Since the main bulk of the
cover slip remains to the right of the blades,
that side of the cover slip is heavier and tilts
down until its tilt is constrained by the two
knife edges.

The degree of tilt of the cover slip is deter-
mined by the vertical distance between the two
blades and their horizontal offset (the thick-
ness of the shim), with the lower knife edge

^Unpublished studies (1951).
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Fig. 1. Photograph of cover-slip gauge.
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Fig. 2. Schematic of the lever system.
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acting as the fulcrum, while the upper one acts
as the stop that limits the tilt of the cover slip.
Thus, in the gauge, the cover slips tilt differ-
ently depending on their thickness.

As shown in the figures, the actual thick-
ness of a particular cover slip is read off from
the scale inscribed on a second plate oriented
at 90° to both the base plate and the slit
between the razor blades.

In detail, the vertical distance between the
two edges of the blades is set to 0.17 mm so that
a cover slip of that thickness settles horizon-
tally. Cover slips, whose thicknesses deviate
from 0.17 mm, tilt away from the horizontal by
amounts determined by their thickness and by
the offset distance between the two knife edges.
The shim behind the lower blade is 0.2 mm
thick and defines the horizontal offset between
the two blades. Since the horizontal offset
between the two knife edges is 0.2 mm and the
left edge of the cover slip drops into the 2 mm
recess in the base plate, the right edge of a 22-
mm square cover slip tips by (22 - 2)/0.2, or
1 mm for every 0.01 mm deviation in thickness

(Fig. 2). Thus, the thickness of the cover slip,
read off from the scale at the distal tip of the
cover slip, is magnified 100 times.

This gauge, made in March 1951, is still
used in our laboratory today after half a cen-
tury. Without the fear of contaminating the
surface of a carefully cleaned cover slip, its
thickness is determined simply by dropping
an edge of the cover slip into the gap while
holding the gauge tipped counterclockwise.
With the gauge brought back upright (as
seen in Fig. 1), the cover slip comes to rest
on the fulcrum- and stop-blades so that the
scale at the distal edge of the cover slip
directly indicates its thickness. This gauge is
easy to use, works quickly, and with surpris-
ing accuracy.
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