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Course: Science 10 Name: Date: 
Topic: Electron-Microscopy Introduction Unit C: Cycling of Matter … Grade: 10 
A. Intents/Objectives/Purpose (from Aoka's IDAE Model) 
Program of Studies (Pedagogic Purpose): Alberta example: are increasing as a direct result of developments in 
microscope technology and staining techniques (e.g., electron microscope, confocal laser scanning microscope 
Academic Purpose: To use a scanning electron microscope. 
 
C. Activities            B. Displays/Resources 
Prerequisite Knowledge 
Technology is required to complete many scientific investigations and visa versa. 
Classic examples of technologies that help us to see unknown worlds are the 
telescopes and microscopes. In 1610 Galileo used the telescope to explore our 
solar system and to then hypothesize that our sun, Sol, was the centre of our solar 
system of planets. In the 17th century Anton van Leeuwenhoek created the first 
optical microscope and opened up a whole new world of the small for us. Science 
and technology are parallel endeavours helping each other along. Nanotechnology 
tools, like the scanning electron microscope (SEM), have helped to open up the 
world at the nano-level (10-9 m or nanometre (nm) level). An optical microscope 
uses visible light as a probe for a resolution limit of approximately 0.2 µm (0.2 
micrometres, 0.2 microns or 0.2 x 10-6 m). An SEM  was created/invented in the 
latter part of the 20th century. The SEM has a resolution down to 10 nm (10 x 10-9 
m) and has a much greater (focused) depth of field than optical microscopes 
(providing a 3D-like image). 
 

 
 Gather library and 

Internet literature related 
to Galileo and 
Leeuwenhoek, and/or the 
types of telescopes and 
microscopes. 

1. Introduction/Set/Advanced Organizers  
Students are asked to activate their previous knowledge of and investigation of 
microscopes. Bring in a display of microscopes and telescopes—old and new. Ask 
students to tell about their experiences with microscopes and telescopes. 

 

2. Clarifying/Creating-Understanding/Concept-Development 
There are different kinds of telescopes other than optical ones, which use visible 
light to see. Telescopes have now been invented that use parts of the full 
electromagnetic spectrum; e.g., infrared, ultraviolet and radio wave telescopes. 
 
Likewise, there are now many different types and sub-types of microscopes—or 
should we now say nanoscopes? Scientists now have, for example, scanning 
electron microscopes (SEMs), scanning probe microscopes (SPMs), atomic force 
microscopes (AFMs), and scanning tunneling microscopes (STMs). The new 
worlds of evidence that can be obtained from these microscopes have 
revolutionized scientific work at the nano-level and normalized work at the micro-
level. 
 
We now have nano-technology which focuses on inventing technologies and 
making them work, and we have nano-science which focuses on creating 
descriptions, explanations and predictions related to the nano-world. Technology 
often focuses on how, while science focuses on why. Until the 20th century there 
were no examples of science leading technology; technologies were invented and 
then along came science to explain the technology (e.g., the battery was invented in 
the early 1800s and explained by science (and the creation of the electron) in the 
early 1900s). The modern collaborative and interdisciplinary work between 
scientists and engineers/technologists has produced rapid advances in both fields. 
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2. Clarifying/Creating-Understanding/Concept-Development (continued) 
 

A scanning electron microscope (SEM) 
uses a high-energy beam of electrons to 
scan a specimen rather than using optical 
(visible) light (electromagnetic radiation). 
An electron gun accelerates electrons 
towards an anode which collimates the 
electrons into a beam of parallel “rays” of 
electrons. A circular magnet then focuses 
the electron beam on the specimen. 
Electrons backscattered from the specimen 
are captured in detectors and 
electronically assimilated into an image by 
a computer program. All of this must 
happen in a vacuum, otherwise the 
electrons are scattered by air molecules 
and produce random “noise”. Since a 
vacuum is used, wet samples cannot be 
used (the water is vapourized) and live 
samples cannot be used (they die in a 
vacuum and due to the electron 
bombardment). If samples are to be 
preserved, they are plated with a very thin 
layer of gold. The gold plating also 
produces a better resolution and depth of 
field, but this process is expensive. 

[The image downloaded from www.Purdue.edu from a Google search for SEM images. The 
Purdue site credits the image to Iowa State University. This webpage also includes the 
following figure that illustrates the scattering of primary, secondary and Auger electrons 
plus X-rays. ]  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
See the specimen preparation 
and SEM operation 
instructions on the next page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Hitachi TM3000 pictured here is a portable 
scanning electron microscope (SEM) with a 
vacuum pump and computer attached. The 
internal SEM is evacuated by pressing the lower-
right white button. The specimen stage is in the 
bottom drawer and is moved left-right and back-
forward as shown by the arrows by the knobs. The 
magnification, focus, contrast and scanning speed 
are operated by mouse clicks from the computer 
screen.  
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3. Coached/Guided-Practice/Seatwork/Labwork 
Groups of students are asked to prepare a specimen for imaging. The technology 
used (and trusted) in this case is the scanning electron microscope (SEM).  
 
Students are divided into groups; e.g., four groups each around two tables. 
Students may be assigned to a specific sample (or set of examples) or they may be 
randomly assigned (based upon where they just happen to walk to). 
 
The groups of students gather around a table where one or two specimens are 
provided in vials on each corner of the table.  
1. A student peels a (double-sided adhesive) graphite sample-tab and sticks it 

onto a pin-stub sample mount. 
2. The contents of each vial/sample are spilled separately onto sheets of paper,. 

(If one sheet of paper is provided, rip it in half if necessary.) 
3. A tweezers is used to transfer a sample of each specimen onto one of the 

graphite adhesive sample tabs. 
4. Return the remaining samples to their respective vials. 
5. Place the pin-stub sample mount into one of the four holes on the pin-stub 

holder, and softly tighten the pin-stub with an allen wrench.(NB: Just tighten 
to the point of feeling the contact between the screen and the pin-stub.) 

6. After all pin-stub sample mounts from the table of groups are installed, place 
the multi-pin-stub holder onto the height gauge and adjust the height of the 
multi-pin-stub holder until it is adequate to fit the focal point of the SEM. 

7. Place the multi-pin-stub holder onto the stage in the SEM, close the door and 
activate the vacuum pump. 

8. Two students are asked to volunteer—one to operate the SEM sample-stage 
directly with knobs and one to operate the SEM focus, contrast and 
magnification remotely from the laptop computer. 

9. While waiting for the SEM sample chamber to be evacuated, pay attention to 
the demonstrator’s description of how the SEM works on the inside and how 
the student volunteers will operate the SEM directly and remotely. 

 
Two students are asked to volunteer to each operate the computer and the SEM. 
The SEM operator will use the adjusting knobs to move the stage of the SEM left 
and right and/or front and back to find and center the sample in the image. The 
computer operator will follow the instructions of the demonstrator to change the 
focus, the contrast (from dark or light to medium), the scan speed (from fast to slow), 
and the magnification (from low to high). 
1. Find the sample on the disk, observe and, perhaps, save an image. Record your 

observation, including perhaps a drawing. 
2. Repeat with samples on the other carbon disks. 
3. Provide an analysis if a specific question was being investigated. 
 
 

 
 
Per group 
 1 or 2 specimen vials 
 sample mount storage 

box (with pin-stub 
sample-mounts) 

 4 pin-stub sample mounts 
 4 adhesive sample tabs 

(made with carbon-
conductive paper) 

 sheet of paper 
 tweezers 
 
Per table of groups 
 1 multi(4)-pin-stub holder 

with allen wrench 
 
Per total group 
 scanning electron 

microscope (SEM) with a 
magnification of 40 x 
through 30 000 x 

 1-2 stage stand(s) to hold 
the multi-pin-stub holder  

 1-2 height gauge(s) 
 1 SEM (30 000 X) c/w 

vacuum pump 
 1 110 V electrical outlet 
 1 computer 
 1 computer  projector 
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4. Closure/Summary 
Recognize that an investigation can have the scientific purposes to create, test or 
use a concept/hypothesis. 
  
If this were a create-the-concept/hypothesis type of investigation, then you would 
generalize the observations obtained. 
If this were a test-the-concept/hypothesis investigation, then you would state the 
evaluation of the hypothesis—verified or falsified. 
If this were a use-the-concept/hypothesis investigation, then you use the known 
image in a qualitative analysis to determine the identity of an unknown. 
 
Question whether an SEM was needed to view the sample. Could a magnifying 
glass or a laboratory microscope have been just as effective? What other tests 
might have been more economic? more time-efficient? less technologically 
dependent? more environmentally friendly? less collaborative? less fun? 
 

 

5. Solitary Practice/Homework 
Students could be assigned post-investigation homework; e.g.,  
 What is the general relationship between science and technology? 
 What are the specific roles of nanoscience and nanotechnology? 
 What kind of knowledge is gathered from the SEM—empirical or theoretical? 
 Complete a literature search about the different types and sub-types of, for 

example, scanning electron microscopes (SEMs), scanning probe microscopes 
(SPMs), atomic force microscopes (AFMs), and scanning tunneling 
microscopes (STMs). 

 

 

6. Review/Assessment 
Students can be asked questions on their subsequent assessments about the kind of 
evidence and the kind of knowledge that they possess about the table salt crystal. 
 
Students can also be asked questions about the SEM; e.g., why is it necessary to 
place the sample on the graphite paper? why can a wet sample not be used in this 
SEM? why does the SEM sample-chamber have to be evacuated with a vacuum 
pump? why can an SEM provide a more clear, more 3D focused, and more 
magnified image than a light microscope? 
 

 

D. Evaluation (of lesson—provided by teacher) 
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