
Table 7.5 (Continued)

Selected
Objective

Standard
Magnification
Colour

Refractive index (n)
of immersion
medium in front of
objective

Lateral
resolution (μm)
d = 0.61𝜆/NA

Axial
resolution (μm)

(zmin) = 2n𝜆/NA2

Visual depth of field,
DoF (μm) object

side = (𝜆n/2NAobj
2 +

n.75/MagTOT.NAobj)

Approximate
depth of field,

DoF (μm)
(=n𝜆/2NA2)

Approximate
depth of focus

(mm) image side =
([𝜆n/NAobj

2] ×
MagTOT

2)
Brightness factor

(NA4/Mobj
2) × 104

Optical Index
NA × 1000/Magobj Example Working Distance (mm)

40x / NA 1.30
oil

n = 1.518 (oil) 0.23 0.88 0.4 0.2 70 17.9 32.5 Plan-neofluar = 0.16 mm
Plan-apochromat = 0.21 mm

40x / NA 1.40
oil

n = 1.518 (oil) 0.21 0.76 0.4 0.2 60 24.0 35 Plan-apochromat = 0.13 mm

63x / NA 1.2 W
water

n = 1.333 (water) 0.25 0.90 0.3 0.2 179 5.2 19 UPL-S apochromat = 0.28 mm

60x / NA 1.30
silicone

n = 1.406 (silicone) 0.23 0.81 0.3 0.2 146 7.9 20.6 UPL-S apochromat = 0.30 mm

63x / NA 1.40
oil

n = 1.518 (oil) 0.21 0.76 0.3 0.2 150 9.7 22.2 Plan-apochromat 1 = 0.19 mm
Plan-apochromat 2 = 0.14 mm

100x / NA 1.30
oil

n = 1.518 (oil) 0.23 0.88 0.3 0.2 438 2.9 13 Epiplan-neofluar = 0.31 mm
Plan-apochromat = 0.20 mm

100x / NA 1.40
oil

n = 1.518 (oil) 0.21 0.76 0.3 0.2 378 3.8 14 Plan-apochromat 1 = 0.17 mm
Plan-apochromat 2 = 0.13 mm
Plan-apochromat 2 = 0.09 mm

The minimum distance, d, resolved by a given microscope objective in the lateral (x,y) planes is dx,y = 0.61.𝜆/NA, where 0.61 is a constant, 𝜆 is the wavelength of the illuminating radiation and NA is the numerical aperture of the
objective. The minimum distance (dz, or zmin) resolved by a given microscope objective in the axial (z) plane is 2.n.𝜆/(NA)2, where n is the refractive index of the immersion medium between the objective and the sample. Lateral
resolution is always 3–4 times better than axial resolution. All values are calculated for the wavelength 0.488 μm and the refractive index of the immersion fluids standardised to the Fraunhofer mecury e line (546.1 nm) at 23◦C. The
MagTOT and MagTOT

2 values assume a 10x eyepiece is used.
Ideally, as a minimum requirement, you should collect sections in the widefield microscope at sampling intervals equal to half the z resolution or in the confocal microscope: half the optical slice as determined by the pinhole

diameter, otherwise, you lose resolution along the z-axis. For further explanation on the parameters for 2D and 3D sampling, obeying Nyquist’s criterion, see Section 31.6 and Table 31.3.
For the visual depth of field calculation, a 10x eyepiece, with no extra tube factors, is assumed. For example, MagTOTAL for the 20x objectives is 200 times. The brightness factor illustrates why it is difficult to get a good fluorescence

image with a large field of view at low initial magnifying powers. Either use a higher magnification (and hence higher NA) objective at a reduction zoom on a scanning microscope or tile the image, to give a larger field of view. Tiling
can be done with a motorised stage and good software on either a confocal or widefield microscope.

The optical index is a means of comparing the efficiency of different objectives, in the same way that NA can be compared directly. The larger the optical index, the better the objective (see Chapter 31, Section 31.7).




