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[bookmark: _Toc345407949]A. Microphotography

Promoted as one of the premier research microscopes during the mid-1980s, Nikon's Microphot-FX may be used with a digital or film camera attachment as well as for quantitative transmitted light and fluorescence microscopy. When utilized in combination with the Nikon Microflex FX camera series, it becomes a photomicrographic system and when coupled to a modern CCD camera, it becomes a digital imaging system.
[bookmark: _Toc345407950]B. Safety Considerations

The Nikon Microphot FX can utilize high powered lasers which emit intense beams of light. Though risk is minimal since the system is enclosed, some hazards remain. Exposure to lasers may result in damage to the eyes or skin, among other hazards. For these reasons, please use the following precautions when working on the Nikon Microphot FX:

1. Never look directly into any laser beam light source.
2. Adhere to all safety warning labels found on the microscope and lasers.
3. Notify a supervisor, faculty member, or other responsible individual immediately if a laser is malfunctioning or losing power.

For additional information on laser safety associated with using this microscope, consult the Nikon website at http://www.microscopyu.com/articles/fluorescence/lasersafety.html.

[bookmark: _Toc345407951]C. Disclaimer!

Please note: this is an abbreviated guide. The actual manual for this microscope + software package is easily over 300 pages. While it is a good exercise for any student to read the user manual when beginning work on a new instrument, this User Guide can serve as a guide to general use of the instrument and may be sufficient for many uses. However, in the event that you encounter trouble, need more information, or require assistance, contact Amy (email: areplogle@pugetsound.edu; location: Room 127E, Harned Hall; phone: 253-879-2829) or refer to the manual for the instrument or software.
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[bookmark: _Toc345407953]D. Operation of the Microscope

Students should always have training on the microscope prior to use! To set up a training session on how to operate the microscope, or for assistance or troubleshooting, please see Amy in Harned Hall Room 127E (areplogle@pugetsound.edu or 253-879-2829)
1. [bookmark: _Toc345407954]Preparation and Bright Field Microscopy
1.1. Move the main power switch to the “ON” position (see rectangle box 1). Set the lamp voltage at about 7.0V by the brightness control dial (see rectangle box 2). Adjust further as necessary with brightness control dial or ND filter (see Figure 1). Generally use the lamp voltage between 6V and 12V.
1.2. Use of ND filter (Figure 1)
1.2.1.  Appropriate brightness for TV camera is possibly too bright for observation through the binocular eyepiece tube. In that case, pull this knob to position the ND filter in the optical path. As the ND filter reduces the brightness for the binocular eyepiece tube, more light can be transferred to photomicrography, resulting in shortest possible shutter speeds.
[image: ]Figure 1

1.3. Place the specimen on the stage. Move the 4X objective into working position and focus on the specimen.
1.4. Usage of focusing device
1.4.1. [image: ] Figure 2 shows the rotation direction of the focus knob and the vertical movement of the stage. The range of the triaxial focusing motion is 35mm; 2mm up and 33mm down from the standard position (see Table 1). Figure 2

Table 1. Triaxial focusing motion

	Focus Knob
	Use when:
	Vertical Movement of Stage

	Fine focus knob 
	Precisely focus with medium and higher power objectives
	0.1mm/rotation

	Medium focus knob
	Finding specimen with medium power objectives (10X – 20X)
	1.7mm/rotation

	Coarse focus knob
	Changing specimen or lower power objective (4X)
	36.8mm/rotation



1.5. Use of the filter slider (see rectangle box 3)
1.5.1. This microscope comes equipped with the use of epifluorescence filters. For bright field microscopy ensure that the turret is set on filter 2.
1.6. Use of condenser filter slider (see rectangle box 4)
1.6.1. This microscope comes equipped with condensers for both bright field and phase contrast microscopy. For bright field microscopy, ensure that the condenser turret is set on 0.
1.7. Move the 10X objective into working position and focus on the specimen to perform the next steps. 
1.8. Center the condenser for Köhler illumination  (Note: centering may need to be performed for each objective used)
1.8.1.  Ensure condenser is swung in place
1.8.2. Close down the field diaphragm to its smallest size by means of the field diaphragm control ring (see rectangle box 5). Turn the condenser focus knob (see rectangle box 6) to bring field diaphragm image into focus.
1.8.3. Adjust the condenser centering screws so that the center of the field diaphragm image and double cross line coincide with each other as described in Figure 3.
1.8.4. [image: ]The field diaphragm determines the illuminated area on the specimen. For general use, the diaphragm is set slightly larger than the view field. Too much of illuminated area may give off stray light, which causes flare and ghost, resulting in less contrast.
Figure 3


1.9. Adjust the aperture diaphragm
1.9.1. The aperture diaphragm affects resolution, contrast, and depth of focus, as the result of adjusting the numerical aperture (NA) of the illumination system. In general, aperture setting at 70-80% of objective NA gives appropriate contrast.
1.9.2. Bring the Bertland lens into the optical path (see Figure 4). Turning the Bertland focusing ring, which is below the Bertland lens turret, focus on the exit pupil of objective. Adjust the aperture diaphragm as described in Figure 5, observing the diaphragm image, which can be seen on the exit pupil of the objective. 
1.9.3. It is not recommended to stop down the aperture diaphragm less than 60% of the objective NA, as the resolution becomes worse, except when observing almost transparent specimens. Figure 4
Figure 5

1.9.4. You are now ready to view the specimen(s) on your slide(s) or take pictures using bright field microscopy. For phase contrast microscopy proceed to steps below. Note that the condenser may need to be centered when switching to different objectives.
1.10. Use of intermediate magnification changer 
1.10.1. 1X, 1.25X, 1.6X, and 2X lens are built in the turret type magnification changer (see Figure 4). The desired magnification can be selected simply by turning the turret. It may have an effect on observation, photomicrography, and TV.

2. [bookmark: _Toc345407955]Phase Contrast Microscopy (adapted from http://www.microscopyu.com/tutorials/java/phasecontrast/microscopealignment/index.html)
2.1. Phase contrast microscopy is a contrast-enhancing technique that can be utilized to produce high contrast images of transparent specimens. For more information on phase contrast microscopy see http://www.microscopyu.com/articles/phasecontrast/phasemicroscopy.html.
2.2. The following steps are recommended for the alignment of a phase contrast microscope
2.2.1.  Place a brightly stained specimen on the stage and rotate the 10x phase contrast objective into the optical pathway in bright field illumination mode. Carefully review the microscope configuration to ensure that Köhler illumination has been achieved, and the specimen is in sharp focus.
2.2.1.1. Focus the specimen, and close the field diaphragm until it enters the edges of the view field. Using the condenser focus knob, position the substage condenser so the individual leaves of the field diaphragm are in sharp focus, and use the main condenser centering adjustment knobs to ensure the field diaphragm is centered in the field of view. 
2.2.2. Remove the stained specimen and place a phase specimen on the microscope stage. In cases where the target specimen has only minimal optical path differences (and may be difficult to visualize), align the microscope with a specimen known to produce high contrast in phase contrast mode. Rotate the condenser turret until the appropriate annulus is positioned in the optical pathway (see Table 2).
Table 2. Corresponding objectives and phase annulus

 
	Objective
	Phase annulus

	Plan 10
	Ph1

	Plan 20
	Ph2

	Plan 40
	Ph3

	Plan 100 oil
	Ph4



2.2.3. Bring the Bertland lens into the optical path.
2.2.4. [image: http://www.microscopyu.com/articles/phasecontrast/images/phaseconfigurationfigure8.jpg]While looking through the eyepieces, adjust the focus of the Bertrand lens until the phase plate in the objective is in sharp focus. In many cases, the microscope will initially be out of alignment and the annulus image will not accurately overlay the neutral density material in the phase plate (as illustrated in Figure 6a and 6c).Figure 6. Images of the objective rear focal plane in misalignment (a) and (c) and after the condenser annulus and phase ring have been properly aligned (e). Also illustrated in this figure are the corresponding images that appear when viewed through the eyepieces, which demonstrate how the specimen appears when the microscope is misaligned (b) and (d), and carefully aligned (f) according to the procedure outlined below.



2.2.5.  Locate the condenser annulus centering pins (or screws) and adjust the position of the annulus with a pair of screwdrivers or the appropriate knobs until it is coincident with the objective phase plate (Figure 6e and Figure 7). Note: do not attempt to adjust the position of the condenser annulus with the main condenser centering knobs (usually located on the condenser mounting bracket attached to the microscope). This effort will not achieve the intended condenser annulus alignment and will compromise Köhler illumination conditions that should have been previously established. Condenser annulus centering knobs
Main condenser centering knobs
Figure 7


2.2.6. If the image of the annulus does not fit within the dark circle of the phase plate, then either the condenser is out of focus (and Köhler illumination is not established), or the phase telescope (or Bertrand lens) is not focused on the objective rear focal plane. In some cases, even when the phase telescope (or Bertrand lens) and substage condenser are properly focused, the condenser annulus image is blurry and appears out of focus. This may be caused by low frequency diffraction from the specimen. If this occurs, remove the specimen from the stage and proceed with alignment of the microscope.
2.2.7. Rotate the Bertrand lens out of the optical pathway, and examine the specimen. The background should appear a neutral gray in color (depending upon the neutral density of the objective phase plate) with the specimen visible in high contrast.
2.2.8. Once the microscope has been aligned for phase contrast, it will generally hold its centration for a considerable number of objective/annuli changes, but should be checked periodically to ensure proper alignment. If the microscope starts to slip out of alignment, the images appearing in the eyepieces (or on a computer monitor) will appear increasingly more like those observed with bright field illumination.
2.2.9. When you are finished observing your specimen with phase contrast microscopy, please put the microscopy back into bright field viewing conditions.
3. [bookmark: _Toc345407956]Epifluorescence Microscopy
3.1. This microscope is equipped with 4 epifluorescent filters. The filter turret is located below the eyepieces (see rectangle box 3).
3.2. To utilize the epifluorescent filters, first you have set up the microscope according to the bright field microscopy conditions (see section 2). 
3.3. Turn on the Nikon Super High Pressure Mercury Lamp Power Supply (set the power switch to the “I” side), which is located on the self above the computer monitor. The power indicator light should turn on.
3.4. Push the start button on the power supply for several (2 to 3) seconds. The LAMP STABLE indicator lights up to show that the mercury lamp is lit.
3.5. If the mercury lamp did not light even though you pressed the start button for about 10 seconds in total turn off the power supply (set the power switch to “O” side) and check that the RUN TIME counter is not exceeding “300.0”. If you still can’t get the lamp to light contact the science core facility technician.
3.6. You are now ready to visualize your sample utilizing the appropriate epifluorescent filter (see Table 3).
Table 3. Corresponding flurophores and epifluorescent filters

	Fluorophore
	Excitation
	Emission
	Filter

	GFP (from A. victoria)
	395nm and 475nm
	509nm
	1

	FITC
	495nm
	521nm
	1

	Red
	?
	?
	3

	UV (Hoechst stain)
	350nm
	461nm
	4



3.7. When you are done visualizing your sample with epifluorescence you need to be sure to turn off the power supply (set the power switch to “O” side). Make sure that the power indicator light is no longer lit. 
3.8. If you want to turn on the lamp again, wait for about 10 minutes for the mercury lamp to cool down to room temperature.
3.9. Turn epifluorescent filter wheel to the number 2 position for general microscopy.

4. [bookmark: _Toc345407957]Capturing Images
There are three ways to capture images with this microscope. Photomicrography with a 35mm camera, screen shots with the Carl Ziess Universal CCD Video Camera System, and digital photography with the Jenoptik ProgRes 3 camera and CapturePro 2.5 software. Each of these methods is outlined below.
4.1. [bookmark: _Toc345407958]Photomicrography
4.1.1. If you are interested in performing photomicrography with a 35mm camera, please refer to the Microphot-FX user guide section VI.
4.2. [bookmark: _Toc345407959]Using the Carl Ziess Universal CCD Video Camera System
4.2.1.  Ensure that the video camera is connected to the microscope. If you need assistance changing the cameras please contact the science core facility technician.
4.2.2.  Ensure that the Photo/TV select knob is pulled out for TV observation (see rectangle box 7)
4.2.3. Turn on the camera controller panel (Carl Ziess, Inc. ZVS-47DE). A power indicator light should come on.
4.2.4. Turn on the Sony Oncor monitor by pressing the square green power button. A power indicator light should come on.
4.2.5. All camera functions are controlled from the keyboard. Some of the basic functions can be controlled from the camera controller front panel as well. Most of the keyboard functions can be found on the label above the top row of keys. In general, pressing one of these keys will enter the camera into the corresponding mode. The current function and its corresponding setting will be displayed on the monitor as a line of text along the bottom of the screen. Many of the functions have associated parameters or selections which can be changed using the up and down arrow keys in the lower right corner of the keyboard, or the arrow keys on the camera processor front panel. To exit a function, press the same function key again, pres Alt SPACE, or press another function key.
4.2.6. For a more detailed list of each function please refer to the Carl Zeiss Universal CCD Video Camera System Instruction Manual.
4.2.7. If you would like to capture a screen shot of your image, turn on the power to the Mitshubishi Video Copy Processor, and push print. 
4.2.8. When you are finished using the Carl Ziess Universal CCD Video Camera System, please ensure the power is turned off to Mitshubishi Video Copy Processor, camera control panel, TV monitor, and the microscope. The video camera can remain connected to the microscope.
4.3. [bookmark: _Toc345407960]Using the Jenoptik Digital Camera
4.3.1. Ensure that the Jenoptik ProgRes3 digital camera is connected to the microscope. If you need assistance changing the cameras please contact the science core facility technician.
4.3.2. Turn on the computer, password is located on the top of the tower.
4.3.3. The software can be started by double clicking on the “ProgRes CapturePro” icon on your desktop, or by selecting the software from “Programs” in the start menu.
4.3.4. The user interface is divided into three main areas:Image Window – The live image or the recorded image is displayed in the selected resolution
Menu Bar – Buttons corresponding to functions for image display and processing
Operating Panel – Tabs for defining presettings for the image, and for modification (e.g. color modification) of the live image.


4.3.5. The manual for ProgRes CapturePro 2.5 software is written very well so please refer to it for more detailed descriptions of the options in each of the three main areas to acquire optimal pictures for your specimens.
4.3.6. Before capturing an image you have to select how you want your pictures to be saved.
4.3.7. [image: ]In the Operating Panel, select the “Settings” tab: Select images that have been capture since you opened the program. Selected images will be loaded in the image window
Select C:\Nikon Microphot-FX Users\Your personal folder. Please do not save on desktop.
Resolution you want your images to be saved at
Resolution for live scanning

An image name can be entered that will serve as a prefix name for successive images. If “Auto Save” has been selected, the images will be saved using this name as a prefix while a number will be assigned to subsequent images.
When checked, images will be saved in target folder automatically with name inserted in “image name root”. If unchecked, a dialogue window will open where you can select the name and storage location.

4.3.8. To capture a bright field or phase contrast image, a click on “Capture” in the Menu Bar. The camera will capture an image using the sensor resolution selected under “Settings” in the Operating Panel. The captured image is displayed in the image window immediately. To return to the live image, press the “Live” button in the Menu Bar.  


4.3.9. [image: ]To capture a fluorescent image, in the Operating Panel, select the “Fluorescence” tab:“Start” button will become active after “Use” column has been checked. This starts the fluorescence capture mode.
Before starting to capture images in the fluorescence mode, it is necessary to complete the filters table. Enter the dye name and emission value. The exposure time can be manually inserted before or after you start capturing. When the use column is checked that filter will be activated.

Name that is added to the automatically created fluorescent subfolder that contains the date and time of creation as name
Refer to manual when ready to merge your images

4.3.10. Start fluorescence session by following the advice in the dialog boxes. With “Capture”, the image is captured and saved. The process will be repeated for each filter.
4.3.11. For more details on optimizing your fluorescent image and saving a merged image please refer to the Jenoptik ProgRes CapturePro 2.5 Manual. 





5. [bookmark: _Toc345407961]Shut Down Procedure Checklist
	Did you do Epifluorescence Microscopy?
· Epifluorescence power supply off
· Epifluorescence indicator light off
· Epifluorescence filter wheel at position number 2 for general microscopy


	Did you do Phase Contrast Microscopy?
· Condenser turret at position 0 for general microscopy


	Did you use the Video Camera System?
· Mitshubishi Video Copy Processor power off
· Camera control panel off
· TV monitor off

	Did you use the Digital Camera?
· Saved photos/burned them to a CD
· ProgRes CapturePro program closed
· Turn off computer

	Did you use the microscope?
· Objective nosepiece turned to lowest power objective
· [bookmark: _GoBack]Main power to microscope off
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