
 

 

Biophysics 210: Biological Light Microscopy 
Discussion Section 3: Fourier Optics and Cameras 

Tuesdays 1-2:30pm 
Location: Genentech Hall Rm N114 

  
 
Helpful Equations 
Noise of camera = �(𝑆𝑆ℎ𝑜𝑜𝑜𝑜 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)2  +  (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)2  +  (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)2 

Shot Noise = �# 𝑜𝑜𝑜𝑜 𝑝𝑝h𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 

SNR = 𝑁𝑁 /�(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2 + 𝑁𝑁  ; N = # of photons 
Optical Resolution = 0.61𝜆𝜆 / NA 

 
1. For the following experiment examples, give one’s best guess for which type of detector(s) 

discussed in the online lectures would likely be coupled to the microscope used. 

A. You have fixed, 20 micron sections from adult mouse brain prepared on histology slides.  
You have immunostained a few slides with an anti-Tuj1 antibody in order to highlight the 
microtubule network in neurons and costained with a nuclear dye (such as DAPI).  You 
decide to image your stained slides using a point scanning confocal microscope.  What 
type of detector is likely to be used for this experiment? 

B. You want to study endosome trafficking in live cells.  As a first pass experiment, you 
generate a HeLa cell line that stably expresses an endosomal fluorescent reporter.  You 
decide to image your HeLa cell line using a spinning disk confocal microscope.  What 
detector(s) might be used for this experiment? 

2. You have a widefield fluorescent microscope set up with a Clara model CCD camera with 
the specifications shown below.  Assume that you have on average 100 photons incident on 
each pixel per second, that the quantum efficiency of the detector for this incident 
wavelength is ~55%, and a photon leads to the excitation of a single electron.  What is your 
signal-to-noise ratio (SNR) for a 600 ms exposure under these conditions when the camera 
is run at 10 MHz? (Ignore dark current noise for simplicity)  

3. What are three ways that the SNR found in previous question could be improved without 
modifying the biological sample and the light intensity illuminating the sample?  Determine 
your new SNR for one of these methods?  Which of these methods reduces the read noise 
of your CCD camera?  What if the microscope was set up with a Zyla 4.2 sCMOS camera 
instead? 

4. Briefly explain why you would switch from a CCD camera to a sCMOS camera. Why would 
you switch to an EMCCD camera? What camera specification are EMCCDs designed to 
minimize and how is this achieved?  

5. When samples are bright (i.e. large # of photons striking the camera), which aspect of noise 
is most important?  What does this imply about the importance of camera choice for bright 
samples? 



 

 

6. You are doing fluorescence microscopy with a 100x 1.3 NA objective.  What is the maximum 
pixel size that still allows you to achieve Nyquist sampling for 530 nm light?  What about 
sampling 3 pixels per resolvable distance?  Does the Clara model CCD from question 4 
allow for Nyquist sampling? Would this change if it utilized an Interline Transfer architecture? 

7. You now switch to a 20x 0.75 NA objective.  What is the maximum pixel size that still allows 
you to achieve Nyquist sampling for 530 nm light?  Does the Clara model CCD from 
question 4 allow for Nyquist sampling?  What is the effective resolution of the 20x objective 
when imaged using the Clara CCD? 

8. For objectives in question #6 and #7 which of the following camera choices allow for Nyquist 
sampling?  

Camera 
Camera pixel 

size 
100x 1.3 NA 

objective 
20x 0.75 NA 

objective 

Zyla 4.2 sCMOS 6.5 um   

DU-897 EMCCD 16 um   

Prime 95B sCMOS 11 um   

Iris 15 sCMOS 4.25 um   

 

  



 

 

 

 
 



 

 

 
 



 

 

 


