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CHAPTER ONE


INTRODUCTION TO THE MICROSCOPE


To the neophyte, using a microscope might seem intuitive. All one has to do is turn on the illuminator, place a specimen on the stage, centre it, focus, and view. Unfortunately it’s not that simple. In order to get the best results, the microscopist must know how to control his illuminator, and what type of adjustments must be made with different types of specimen. The lighting used for recording the activity of pond animals will be different from that used for viewing stained slides, and a failure to adjust the microscope to the specimen being observed would lead to less than optimum viewing.
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A slide of diatoms arranged by Klaus Kemp. Photographed with a Leitz Orthoplan microscope with a colour Heine condenser, 10x objective, 2.5x eyepiece. (Image: Brian Matsumoto)




If one wishes to take good photographs, using the microscope requires a rigorous attention to details. A camera records accurately while the human eye tends to view subjectively. If the photographer does not use the right illuminator, the right filter or the right software setting on his camera, the photograph will show a colour cast.


It is essential to learn how to use the correct visual and photographic techniques. This is accomplished by making a routine for setting up the microscope. The first step is to adjust the illumination; the second step is to use the microscope controls for focusing and moving the slide about. The third and final step is to adjust the camera to take photographs. One will have to match the camera’s sensor output to the light source and adjust its exposure.


We encourage the new microscope user not to be intimidated by the expensive microscopes used by the knowledgeable hobbyist or the research scientist. With a relatively modest outlay, one can start taking quality pictures. If this is your first time trying photography through the microscope, we recommend starting with the simpler microscope stands. The so-called student stands used in colleges or grade schools can be effective for taking pictures of fascinating pond creatures. If you find this hobby absorbing, you will purchase a more advanced microscope and camera. In fact, you will find that one microscope is not enough.


This chapter introduces the microscope by describing its controls used most frequently. Chapter Two covers the parts of the microscope in greater practical and theoretical detail. Taken together, these chapters provide the basics to get immediate results. Later chapters cover more sophisticated steps and techniques to enable you to build on the basic knowledge, and to understand how to perform the new techniques successfully.


Simple Versus Compound Microscope





An understanding of light’s interaction with the specimen and the microscope will help you decide which lens to use and how much magnification is needed to discern fine structures. This chapter provides a simplified explanation of optics to help you become familiar with additional terms and principles. There will be a minimum number of equations with the emphasis on providing you with an intuitive and pragmatic approach to the workings of the microscope. This discussion is helpful in understanding objective lens and eyepiece nomenclature.


From time to time we will include titled boxes with content, called ‘sidebars’. These sidebars contain standalone discussions on subjects that are outside the regular flow within the chapter. They can be read when referred to within the chapters or at your leisure.


The simplest microscopes are magnifiers or loupes. These hand-held lenses are easily used at 10x and require to be held close to the eye. Focusing is accomplished by varying the distance between the object and the lens. The loupes are a biconvex lens.
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Fig. 1 Parallel light rays passing through a simple lens converge to a focal point.




A biconvex lens is an example of a simple microscope (Fig. 1). It has convex surfaces on each side and an optical axis, a line that passes through the centre of curvature of the lens. Light rays travelling parallel to this optical axis pass through the lens and converge to a point on its opposite side. This is defined as the focal point, and its distance from the lens defines its focal length.


If you take a simple biconvex lens and place it close to an object, within its focal point, you will generate an image that can be seen from the opposite side of the lens. The image is observable when the lens is placed close to the eye and the subject appears enlarged and upright. This is a virtual image because it cannot be projected on to a screen.


A lens can also form a real image, one that can be projected on to a screen or captured by a camera. This is accomplished by placing a subject on one side of the lens so that it lies outside the front focal point. A real inverted image will be projected on the opposite side of the lens and can be projected on a screen. This is how an objective lens works. By using a second lens, the real image can be viewed at higher magnification. In essence, the second lens (eyepiece) acts as a magnifier amplifying the real image. Since the real image is inverted, it retains this feature when viewed through the eyepiece. Each lens provides magnification, and the effect is multiplicative so that a 10x objective and a 10x eyepiece create an image at 100x. A compound microscope is one with an objective lens and an eyepiece. This is the instrument that most people envisage when they talk about a microscope.


Basic Microscope Parts





First, when using the microscope the typical specimen is mounted on a 25 x 75mm glass slide that is approximately 1mm thick. One might be surprised by its cost, but it should be remembered that slides are precisely ground as optical defined surfaces with their upper and lower surfaces parallel to each other. Overlying the specimen is a thin glass coverglass. For the professional, these two items are typically purchased in large volumes from a scientific supply house. However, the hobbyist can find smaller quantities of these items on eBay where the price is generally much lower. Frequently, a laboratory liquidates its unused supplies and purchasing slides, and coverglasses from such a source can be a bargain. See the ‘Microscope Slides and Coverglasses’ sidebar to learn more about the slide and coverglass specifications you should look out for.




MICROSCOPE SLIDES AND COVERGLASSES


Microscope slides should be 25 x 75mm and 1mm to 1.03mm thick. The defined thickness is needed so that the condenser from the microscope’s illumination system can focus light on the specimen.


Coverglasses can be obtained in a variety of sizes, but square coverglasses, 22mm to 14mm per side, are popular. Coverglass thickness should be #1.5 (an arbitrary nomenclature provided by the manufacturers), but if these are unavailable you should select a slightly thinner coverglass (#1 thickness) over a slightly thicker one (#2 thickness). The importance of coverglass thickness will be discussed in Chapter 2. Coverglasses with thicknesses of #2 or #3 are more robust; however, they will degrade the image when working with powers greater than 200.
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Fig. 2 Research microscope with a trinocular head designed for photomicrography.




A compound microscope has three groupings of microscope controls: the first is the stage for holding the slide with the specimen, the second comprises the focusing knobs to obtain a sharp image, and the third comprises the condenser and mirror for optimizing illumination (see Fig. 2). The complexity of these controls varies with different microscope models. For a student microscope the stage is a simple flat plate with two spring clips to hold down the microscope slide. Finger pressure is used to move the slide across the stage and to centre the subject within the field of view. For low magnification work from 40x to 200x this is adequate, and a skilled worker can manually manipulate slides at magnification as high as 400x.


While appearing simple, the stage is a precisely engineered flat plate located in the mid-region of the microscope. Its smooth surface is perpendicular to the viewing optics, and permits minute movements of the slide without any friction or sticking. The slide is laid flat on the stage with the specimen and coverglass facing the objective. An upright microscope is configured so that the objective is over the specimen, while an inverted microscope is one where the objective is beneath the specimen.


As one uses higher magnification, greater precision is needed to move the slide. Research microscopes are equipped with a mechanical stage to hold the slide. This device has two knobs for orthogonally moving the slide. The slide is placed on the stage, and two clips, one spring-loaded, grip the slide securely. Turning the knobs moves the slide along the stage’s surface. Index marks and a millimeter scale are inscribed on the mechanical stage for recording the position of the slide. A vernier allows its position to be recorded with an accuracy of 0.1mm.


The microscopist focuses the specimen by varying the distance between it and the microscope optics. In older microscopes, the objective lens and eyepiece were mounted on a single tube whose height could be varied over the stage. In this design, the slide is fixed and the viewing optics are raised or lowered. Many of these microscopes were equipped with an inclination joint for tilting the tube to position the eyepiece at a comfortable angle for viewing. For photography, the tube was set vertically so the camera could then be mounted over the eyepiece. If a camera is mounted on the microscope’s tube, it should be as light as possible because the focusing controls must lift and lower its weight while focusing. We found cameras weighing 1lb (0.45kg) or less are easily accommodated by older microscopes, and the effort to turn the coarse focusing knob was acceptable.


On modern research microscopes, the entire stage assembly is moved while the optical train is fixed. This has the advantage that the focusing gears have to drive only the weight of the stage assembly. This is desirable if one wishes to mount a heavy digital camera on to the microscope. It should be noted that the coarse focus of some microscopes, such as the Zeiss GFL or the Wild M20, lift and lower the body tube while the fine focus moves only the stage. For such microscopes, one should select lighter cameras as coarse focusing gears must lift and lower the weight of the camera as well as the microscope body.


Many readers may already own a microscope designed for photomicrography. Such stands have a trinocular head: two eyepiece tubes dedicated for visual use and the third dedicated for photography. Such stands allow the user to switch quickly and conveniently from visual observation to recording the image with a camera.


The paired visual eyepieces have adjustments for obtaining binocular vision. The two eyepieces can be moved closer together or further apart to accommodate the variations in interpupillary distance. To compensate for differences in the strength of the eyes, one of the eyepieces has a knurled control that can slightly adjust its focus. This ensures that both the left and right eyes will see a sharply focused image. The photographic tube is orientated vertically and serves to hold the digital camera. A slider on the side of the body directs the light to either of the two eyepieces or the camera.


The eyepieces, also called oculars, have an engraved magnification number followed by an x representing the power of the eyepiece. Together with the objective’s power, the user can determine the visual magnification of the microscope. The magnification equals the multiplied value of the eyepiece and the objective. For example, if the objective is 100x and the eyepiece is 10x, the total magnification power is 1000x. In some cases the eyepieces are inscribed with a field number which specifies the extent of the field of view. This number when divided by the magnification of the microscope objective provides the diameter in mm that is being viewed.
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Fig. 3 The base of a Zeiss microscope with a partially closed field diaphragm.




The controls and optics for illuminating the specimen are found beneath the stage. Almost all modern research microscopes have a built-in illuminator that lights the specimen according to procedures described by August Köhler (see the section at the end of this chapter, ‘Instructions for Obtaining Köhler Illumination’). Understanding this procedure is necessary for high-resolution imaging. Considering that the illuminator is built in, it is easy to set up Köhler illumination. In the base of the microscope is the field diaphragm that can be opened or closed with a large, knurled ring (Fig. 3). This controls the expanse of light illuminating the specimen; a larger opening lights a larger area of the viewing field, while a smaller opening lights a smaller portion. Higher contrast images are obtained by restricting the light to just the area that is being viewed.
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Fig. 4 Close-up of the fine focus knob of an Olympus microscope showing the tick marks.




Microscopes have two focusing control knobs: coarse and fine. Typically, the coarse focus knob is larger in diameter and is found underneath the stage to the rear of the microscope. It is used to move the stage rapidly up and down, and serves to obtain rough focus. This focus knob allows the user to focus the lower powers, as well as increase the clearance of the lens when large objects are added or removed from the stage. Higher magnification work requires using the fine focus knob. On modern microscopes, it is the smaller diameter knob that is usually concentric to the coarse knob. The fine focus knob raises and lowers the stage delicately in minute steps and becomes the final control when focusing the image through the oculars and camera. Frequently, the fine focus knob’s rim has tick marks that indicate the movement of the stage in microns. Typically, one full rotation of this control will move the stage 100 microns, or 0.1mm (Fig. 4).


Above the stage, closest to the specimen, is the objective lens. Its name reflects its position in the optical path, as it is closest to the object being examined. As with the microscope eyepieces, the magnification of each objective lens is engraved on its barrel as a number followed by an x. Usually there are several objectives mounted on the microscope, and since they have different powers, they are rotated under the eyepiece to vary the magnification. They are mounted on a circular rotating disc called the nosepiece. The nosepiece can carry as few as two objectives and as many as six.


Below is a listing of the microscope components. We will use these terms in our figures. These components have been around for many years. They can be found in a variety of microscopes, from an instrument as old as those having a horseshoe base with an inclination joint, to those instruments with a built-in illuminator.


*Coarse focus knob: The knob quickly positions the stage so that the subject is in approximate focus. The control may be sufficiently delicate that the 10x or lower power lens can be focused. It is for moving the stage several millimeters


*Fine focus knob: The knob that delicately changes focus. It is used after details of the subject are seen in the eyepiece. Typically one rotation will move either the stage or the microscope head by only 0.1mm. This knob is smaller in diameter than the coarse focus knob


*Stage: The flat plate on which the slide is mounted


*Mechanical stage: The geared controls that move the specimen across the surface of the stage


*Objective lens: The imaging lens of the microscope, and the one positioned closest to the object being observed. A number engraved on its side indicates its magnification


*Nosepiece: The circular disc that holds multiple objectives and functions to change objectives rapidly


*Trinocular head: The three-tube body above the nosepiece that holds the two eyepieces for visual observation, and the photographic tube for the camera


*Eyepiece: The lens closest to the observer’s eye. It is engraved with its magnification, and multiplying this value by the number of the objective lens gives the total visual magnification


These parts are the essential components of any modern microscope. Knowing where and how to use them enables the microscopist to improve the chances of recording excellent images. As mentioned earlier, Köhler illumination is required for accurate imaging.


Köhler Illumination





Identifying Parts Needed to Obtain Köhler Illumination


The following section describes the microscope parts used to obtain Köhler illumination. They will help familiarize the new user as to which controls should be adjusted.


Field diaphragm: The iris diaphragm whose diameter controls the area of the specimen that is illuminated. This is found beneath the condenser and is usually by a knurled knob surrounding the opening at the base of the microscope where light comes out.


Condenser: This sits between the stage and the base of the microscope. It has lenses for focusing light on to the specimen.


Condenser focus knob: The knob raises and lowers the condenser. It is found beneath the stage at the level of the condenser.


Condenser centring screws: Two opposed screws that centre the condenser to the objective lens. These are found on the platform that holds the condenser. In some microscopes these controls are not present. Instead the condenser is mounted in a ring with a single knob that tightens a clamp for retaining the condenser.


Condenser diaphragm: The iris diaphragm is located either between the two lenses of the condenser or beneath the bottom of the condenser lens. It controls the cone of light projected to the specimen.


Instructions for Obtaining Köhler Illumination


Step 1: Turn on the microscope illuminator and make sure light is passing through the field diaphragm.


Step 2: Place a slide (a stained section of animal or plant tissue is best) on the microscope stage. Secure the slide with the microscope’s clips making sure the cover glass is facing up. Rotate the objective marked 10x into position. Make sure it will clear the clips that hold the slide before rotating it into place. When the objective is properly positioned, it will be perpendicular to the stage.


Step 3: Using the coarse focus knob, move the stage towards the 10x objective so it is close, but not touching the lens’ front surface. Be careful not to hit the objective into the slide. You should now be able to see an out-of-focus specimen.


Step 4: While looking through the eyepieces, turn the coarse focus knob so that the stage lowers (moves away from the objective) to bring the specimen into rough focus. Lowering the stage ensures that you won’t damage the objective by hitting the slide or stage clips.
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Fig. 5 The image of the specimen is brought into focus.




Step 5: Once the image is roughly in focus, adjust the fine focus knob until the image appears sharp (Fig. 5).
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Fig. 6 Closure of the field diaphragm to its smallest position. In an unaligned condenser it is off-centre and the edges of the field diaphragm are out of focus.




Step 6: Close the field diaphragm to its minimum diameter. You should see a brightly illuminated spot. Its limit is the edges of the field diaphragm, and generally the edges will appear blurred (Fig. 6).
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Fig. 7 The condenser is brought into focus by focusing the edges of the field diaphragm until their edges are sharp.




Step 7: Adjust the condenser focus control until the edges of the field diaphragm become sharp. When this is accomplished, the image of the field diaphragm is projected on to the specimen plane (Fig. 7).
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Fig. 8 The field diaphragm is centred and opened just short of the edge of the field of view.




Step 8: Open the field diaphragm until it just clears the field of view. This ensures that only the region being viewed by the microscope is illuminated (Fig. 8). If more than this is illuminated, light scatter from regions outside the field of view may reduce contrast.


Step 9: If the field diaphragm is not centred in the field of view, use the condenser centring controls to centre it.
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Fig. 9 The view down the tube of the microscope without the eyepiece. The edges of the condenser iris can be seen, and are adjusted so that the bright circle is about 75 per cent of the diameter of the edge of the objective.




Step 10: Remove one of the eyepieces and look down the tube of the microscope. Open and close the condenser diaphragm, watching how the circle of light increases and decreases in diameter. Reopen the condenser diaphragm and observe the maximum size of the illuminated circle. Then, noting this position, close the condenser diaphragm so that the diameter of the lighted circle is three-fourths (75 per cent) that of the widest field (Fig. 9). For stained samples, these settings provide the optimum image for revealing fine details while maintaining contrast. If you close the condenser diaphragm to its minimum diameter, the contrast of the image increases at the expense of losing fine detail. If you open it too wide, the image loses contrast, and subtle structures disappear in the glare.


Step 11: To increase magnification, rotate the objective with the next highest number into the optical path. Again, make sure the objective clears the slide and stage clips to avoid scraping and damaging the objective. Instead of viewing through the oculars, watch the objective while moving it into position. This will prevent any damage to the objective that would make it unusable. Repeat operations from Step 6 through to Step 10.


The above list describes how to obtain Köhler illumination. To the uninitiated it may appear overly complex and a needless exercise. But the operation is really straightforward, and following the above steps ensures that you get an image that is bright, evenly illuminated, and of high contrast.


The first step is, of course, to get the specimen in focus. This serves as the baseline for optimizing the illumination system. When it is focused, the condenser is adjusted so as to concentrate its light on to the specimen by focusing the field diaphragm on the same visual plane. After the light is focused, the field diaphragm is closed to ensure the area being lit is limited to what the microscope ‘sees’. If this is not done, the specimen loses contrast as the light outside the region being studied can enter the objective and cause a slight glare.


The condenser iris diaphragm serves to adjust the cone of light entering the objective. This can be envisioned as a base that sits at the top of the condenser and whose apex is at the specimen. Then the rays of light cross at the level of the specimen and they arise, forming another cone whose base reaches the objective lens. If the diameter of this cone is too large, light contrast is decreased. Closing the condenser iris diaphragm narrows the cone and ensures its top base is contained and is perhaps smaller than the diameter of the front objective lens. A subtle point which is not apparent is that the diameter of this cone controls resolution. The wider the cone, the higher the resolution that can be obtained. However, if the cone is so large that it exceeds what light can directly enter the objective, glare can be created. And vice versa, if the cone is too small in diameter, it can obscure fine detail.


The majority of the objective lenses work in air, and are described as being ‘dry’. However, there is a class of objectives that are designed to work with a liquid medium between the cover glass and the objective lens. These ‘wet’ lenses are dipped in an optical oil and are referred to as ‘oil immersion objectives’. To use these lenses, a drop of oil is applied to the top of the cover glass and the objective lens is lowered into it. There are two ways this is accomplished. You can lower the stage to apply the oil, and then carefully raise it to bring the object back into focus. This is risky when using older microscopes which do not have the objective protected with a spring-loaded mount, as an overly exuberant operator can crash an objective into the cover glass. On recent models of Olympus microscopes there is a locking clamp, and once you are in focus with the 40x objective, you apply the clamp to the coarse focus. When set, it allows you to lower the stage but you can only raise it to the point you set the focus clamp. To apply oil, lower the stage after it has been set, apply the oil, and then raise the stage until it stops. This returns the objective to near focus, which can then be adjusted to perfection with the fine focus knob.


Another way of immersing an objective is to swivel the dry lens out of the light path by rotating the nose-piece. Then place a drop of oil on the slide and rotate the oil immersion lens into position. A modern microscope is designed to maintain approximate focus when rotating its objectives into position. That is to say, if the microscope is in focus when using its 40x objective, it should be nearly in focus if you rotate its oil immersion lens into position. This design feature is described as being parfocal. However, this is only applicable if the objectives are from one manufacturer.


Using oil immersion lenses is inconvenient because the objective lens and slide have to be cleaned. This is annoying if you wish to go back to a lower power and use a dry objective. If you are working with live samples in water, it is nearly impossible to switch from oil to a dry objective. An oil immersion lens should be regarded as the last lens to be used when studying a sample. When examining a specimen it pays to start with an objective of no more than 10x, and then proceed up the magnifications. We try never to use an oil immersion lens until after the specimen has been studied with a dry 40x objective.


One point about using oil immersion lenses is that they cannot achieve their full resolution unless the condenser is ‘oiled’ to the bottom of the slide. This means a drop of oil has to be added to the top of the condenser lens so that it is in contact with the bottom of the slide. If you do not do this you will see a variation in Step 11 in the section describing how to achieve Köhler illumination. When you open the condenser iris, it will stop before it reaches the diameter of the oiled objective lens. To go to the edge of the objective lens, you will have to oil the condenser to the slide. To do this, lower the condenser, apply a drop of oil to the top of the condenser top lens, and then raise the condenser until the oil contacts the bottom of the slide. The condenser is then focused as described in Step 7. Before doing this, make sure the top lens of the condenser is designed for oil immersion. This will be shown if it has a number 1.0 or greater inscribed on the metal mount surrounding the top lens. If the number is less than 1.0 don’t bother oiling it since the condenser is not designed for this application.


Oiling the condenser is not a task to be undertaken lightly because doing so imposes an additional cleaning step. Also, oiling the condenser limits how far you can move the slide. If the slide is moved so that it is sliding across the surface of the stage plate, most annoyingly oil wicks up between the bottom of the slide and the top of the stage plate, and when this occurs, the slide cannot be moved as the viscosity of the oil anchors it. Some of the best mechanical stages were designed so the slide would not be dragged across its surface. Instead, the rack and pinion would move the entire plate. We do not know of any modern microscope which has such a sophisticated stage design.


Having said this, we would add that oiling the condenser is not usually practised in the modern research laboratory. Because of its inconvenience, many researchers simply use the condenser dry, even if it is designed for immersion work. Although there is a small sacrifice in resolution, it is acceptable for routine work. As a consequence, the manufacturers have designed condensers with interchangeable top elements in the form of caps that screw on. These will allow the condenser to have either a numerical aperture greater than 1.0, or a numerical aperture less than 1.0. In other words, the 1.2 (or larger) cap is designed for oil immersion work, while the 0.9 cap is for ‘dry’ work. As noted earlier, many researchers choose the 0.9 cap. This is important because some accessories, such as phase rings and differential interference contrast prisms, are designed to work with either one or the other cap, and if you attempt to use the accessory with the incorrect cap, you will get inferior results.


As a quick aside, there are long working condensers whose aperture might be 0.6 or lower. These units are designed to increase the distance between condenser and specimen. Such condensers are most commonly used on inverted microscopes when the subject comprises cultured cells grown in culture dishes.


Troubleshooting





This chapter should be sufficient to allow the neophyte to illuminate a specimen properly for viewing and photography. However, things don’t always work as planned. The following will help you troubleshoot any problems that may arise.


No light emanates from the field diaphragm


Tungsten and metal halide lamps have a rheostat for varying light output. When this is set at the lowest value, the bulbs do not emit light, so make sure the rheostat is set to above the minimum value. Also, some transformers have a rheostat for controlling intensity, and an on/off switch for providing power. Make sure the power switch is set to on. If this does not help, the next step is to remove the bulb and inspect the filament with a 10x loupe. Sometimes an extremely fine break in the filament is the cause for failure.


Some microscopes have insertable filters in their base. This is a convenient way to insert neutral density filters. If the bulb is glowing, make sure these filters are not blocking the light path. On occasion these may not be fully in position, and the frames for the filter are blocking the light.




MAXIMIZING THE LIFE OF A TUNGSTEN BULB AND REPLACEMENT BULBS


If you want to get the longest run times with a filament bulb, here are a couple of suggestions. First, you adjust the rheostat so you use a voltage less than that required for the bulb. If you can use a lower voltage, the filament light is extended. Second, a variable rheostat helps to preserve the bulb. Start it up at a low voltage and then gradually increase it until you reach the operating voltage.


If you need to replace the bulb you may be in for a search and an expensive purchase. We have found that the 8V 5A bulb for the Tiyoda microscope is no longer manufactured. One vendor offered to sell the bulb to us for £75! You may wish to get a replacement LED light source; these can be purchased from online vendors. For our Leitz Ortholux 1, we purchased a LED from www.retrodiode.com, who sells on eBay. His illuminator output is much higher than that provided by the 6V 5A. It is approximately 90 per cent the intensity of a 12V 100W quartz halogen bulb. This height of intensity is not needed for brightfield work; however, if you use a Heine condenser this additional light will facilitate using this phase contrast condenser.


Retrodiode sells replacement lights for various models of Zeiss, Nikon, Leitz, Leica, Olympus, A0, Bausch and Lomb, and Wild microscopes. These replacement lights replace the bulb of these microscopes’ regular illuminators.




Light emanates from the field diaphragm but not from the condenser


Light is being blocked at the condenser. This can occur if there is a swing-out filter holder at its base: if not positioned correctly, its frame can prevent light from entering the condenser. With some of the older condensers, their iris diaphragm may be adjusted offcentre. If this is the case, you need to centre the iris.
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