
Anyone wishing to be trained on the TEMs at the RSC who has not taken and passed 
the TEM course (EMA 6518) must satisfactorily complete this assessment in order to 
demonstrate sufficient fundamental understanding of TEM.  Even if a user has prior 
TEM experience elsewhere or has taken a course on electron microscopy at a different 
institution, he/she must still satisfactorily complete all parts of this assessment relevant 
to his/her intended scope of work before receiving training. 
 
Links to TEM textbook (accessible for free when using the UF network): 
 
https://link.springer.com/book/10.1007%2F978-0-387-76501-3 
 
Material that is universally relevant regardless of the type of TEM work you intend on 
performing: 

 
1. If I change the “spot size” of the TEM, what am I doing?  (HINT: it has to do with 

one of the lenses in the TEM).   
2. How does changing the spot size change the area of illumination using a 

“parallel” incident beam?  
3. How does changing spot size change the beam current reaching the specimen?  
4. How does changing spot size change the size of the probe that can be formed in 

scanning TEM mode? 
 

5. What are the 3 apertures found in a TEM and where are each of these apertures 
located along the TEM column? 

6. Which of these apertures is the most important aperture? 
7. Why is there an optimal size for this aperture in order to achieve the best 

possible resolution of the TEM? 
 

8. Say I’m observing a TEM image of specimen with large topographical variation 
and I can’t get the whole specimen in focus at the same time; why would this be 
the case? 

9. What can be adjusted on the TEM so more of the specimen can be in focus at 
the same time? 

 
10. What is the atomic scattering factor and what is it used to describe? 
11. How does the atomic scattering factor change with atomic number, TEM 

operating voltage, and scattering angle? 
12. What is the structure factor and how is it related to the atomic scattering factor? 

 
13. What type(s) of contrast can be observed in a TEM image from a completely 

amorphous specimen?   
14. Would it be possible to observe thickness fringes and/or bend contours in such a 

specimen, and why or why not? 
 



15. The following is a bright-field TEM image of similarly sized crystalline iron oxide 
nanoparticles.  What is (or are) the best explanation(s) for why some particles 
appear much darker than others?  

 

 
 

16. Give a reasonable upper limit for the thickness of a TEM specimen. 
17. Explain why a TEM specimen must be thin to get a good TEM image.   

 
18. What is the single greatest factor that limits the resolution of a TEM?  Describe 

this factor physically (not just in name). 
19. What does it mean when the resolution of a TEM (or any microscope) is 

“diffraction-limited”? 
20. Besides this factor, are there any other potential factors that can reduce the 

resolution of the TEM? 
 

21. How can it be determined by looking at a TEM image if the objective lens is over 
or underfocused? 

22. What is happening to the strength of the objective lens if the image is 
overfocused compared to underfocused? 

23. Why is best to image with the objective lens slightly underfocused? 
 

24. What is altered on the TEM to enter “diffraction” mode? 
25. Where is the diffraction pattern of the specimen located in the TEM column (be 

specific)?   
26. Assuming a parallel incident beam, what would the diffraction pattern look like if 

the specimen were amorphous, poly-crystalline, or single-crystal? 
27. How does the appearance of the diffraction pattern change if the camera length 

of the diffraction pattern is increased? 
28. Why is it the case that even if your specimen is amorphous that you still need to 

use diffraction mode as part of instrument operation? 
 

  



Material relevant if you are working with polycrystalline or single-crystal materials: 
 

29. How is a “bright-field” image of a polycrystalline or single-crystal specimen 
formed?   

30. How is a HR-TEM (lattice) image of each type of specimen formed? 
31. What are the origins of lattice fringes in a HR-TEM image? 

 
Material relevant if you intend on collecting and/or analyzing diffraction patterns: 
 

32. The following DP was taken from a single crystal of Si; what is a valid zone axis 
for this diffraction pattern? 

33. Are any of the spots in this diffraction pattern attributable to dynamical 
scattering?  If so, indicate which spots 

34. What is the camera constant and camera length for this diffraction pattern (it was 
collected at a beam voltage of 200 kV)? 

 

 
 
  



Material relevant if you intend on performing any type of 2 beam imaging, dark-field, 
fault analysis, g dot b analysis, etc: 
 

35. What is meant by a “2-beam” condition and why would one want to set up a 2-
beam condition in the first place?  Does a 2-beam condition apply to mainly to 
single or polycrystalline samples? 

36. Starting from a 2-beam condition, how does one form “centered” or (axial) dark-
field, “off-axis” (or “dirty) dark-field, and “weak-beam” dark-field images? 

37. What is the deviation parameter and why is it relevant when performing 2-beam 
imaging of single crystal specimens? 

38. What is the point (or benefit) of performing WBDF imaging of single crystal 
specimens compared to BF, CDF, or off-axis DF imaging? 

39. What is a g dot b analysis and what is it used for? 
 
Material relevant if you intend on performing scanning and analytical work: 

 
40. What does “analytical” TEM mean?  
41. What is energy dispersive spectroscopy? 
42. Consider a characteristic K alpha X-ray generated by a Cu atom; what is the 

process that leads to the generation of this X-ray? 
43. In addition to characteristic X-rays, what other types of X-rays can be generated? 
44. Explain why energy dispersive spectroscopy is more effective at detecting X-rays 

from high Z elements rather than low Z elements.  Is there another analytical 
technique besides EDS that could be used for better light element detection? 

45. Analytical TEM is typically performed using a scanning probe with very high 
beam current.  Describe adjustments to the TEM that can be performed to 
ensure a probe with a high beam current is produced. 

46. What will be the tradeoff between increasing probe current and resolution of a 
scanning TEM image? 

47. Why is it often better to perform analytical TEM at a lower operating voltage than 
a higher operating voltage (e.g. 80 instead of 200 keV)? 

48. What is high-angle annular dark-field STEM imaging and what information does it 
provide? 


