
[21:08] <BrianQ> anyways,we were last talking about numerical aperture, which I abbreviate as NA 

 [21:09] <BrianQ> and we said this was an important property for lenses that magnifying images, 

because it ends up determining how much magnification is possible. 

 [21:12] <BrianQ> we found out some features that control the NA of a lens, such as distance 

between object and lens 

[21:13] <BrianQ> and this is where gem microscopes get strongly penalized, because the distance 

between objective and object (the working distance) is quite large 

[21:14] <BrianQ> There is a relation between a camera's f-stop and a microscope objective's NA, but I 

can't remember if it is direct or inverse 

[21:15] <BrianQ> I have a feeling it is a direct relation... field stop diameter is directly proportional to 

objective NA 

[21:15] <BrianQ> but... I don't worry much about cameras, so I don't pay close attention. 

[21:16] <BrianQ> there is all the business of fast and slow films, and depth of focus, that camera 

people worry about... 

[21:16] <BrianQ> and all those same worries crop up again with the objective. 

[21:17] <BrianQ> But today we want to focus not on these "geometric" sort of considerations, but of 

fundamental wave limitations. 

[21:17] <BrianQ> So for example, imagine this situation... 

[21:18] <BrianQ> you use a magnifying glass to magnify an object so that its image is twice as big... 

[21:18] <BrianQ> not too difficult to imagine, yes? 

[21:18] <@Spauwe> yep 

[21:19] <@Spauwe> or rather: nope, not to difficult 

[21:19] <BrianQ> heh 

[21:19] <BrianQ> so then you could use another magnifying glass that magnifies the image you see, 

in order to create a new image twice as big 

[21:19] <BrianQ> ok with that? 

[21:20] <Crystal2> yep 

[21:20] <BrianQ> so now, you have an image 4 times as big 

[21:20] <BrianQ> and then you could keep doing this repeatedly... adding more lenses... 

[21:21] <BrianQ> so where is the limit to this approach? 

[21:21] <doos> infinity 



[21:22] <Crystal2> theoretically but you'd get distortion 

[21:22] <@Spauwe> the sizes of the lenses would grow a bit big over time though, no? 

[21:22] <BrianQ> one can say... oh, you know, different abberations would cause this and that 

distortion, but with enough patience all distortion can be removed... 

[21:22] <BrianQ> and yes, the size of the lens would grow... but these are not fundamental limits. 

[21:23] <BrianQ> they are engineering limitations 

[21:23] <@Spauwe> ok yep I hear ya 

[21:23] <doos> wait 

[21:23] <doos> the limit is the wavelength 

[21:24] <doos> if the image gets to big (nm level) .. we cant see it anymore 

[21:24] <BrianQ> in the end, that is where the limitation comes from, the fact that light is a wave. 

[21:24] <doos> had a bright moment all of a sudden 

[21:25] <@Spauwe> please explain a bit for the ones not having a bright moment 

[21:25] <@Spauwe> <---- 

[21:25] <BrianQ> Let's imagine you have a laser beam, and you know its diameter, ok... maybe 1 mm 

[21:26] <BrianQ> now lets imagine you'd like a beam with a smaller diameter... say 1/100 mm... a 

hundred times smaller 

[21:27] <BrianQ> how about we try the following in order to create this beam... let's drill a hole in a 

piece of metal and the hole has a diameter 100 less than 1 mm. 

[21:27] <BrianQ> Then we shine the laser on the hole, and what gets through? 

[21:28] <BrianQ> do we get a beam with 1/100 mm diameter? 

[21:28] <doos> uv light 

[21:28] <BrianQ> no... any visible wavelength you like 

[21:28] <doos> 10 nm? 

[21:28] <@Spauwe> a diverging beam of diffracted light? 

[21:28] <BrianQ> yes Spauwe, that is what you get! 

[21:28] <doos> heh 

[21:29] <BrianQ> a diverging (spreading) beam with a dense solid circle surrounded by thin circles of 

light (diffraction) 



[21:29] <BrianQ> That is anything BUT what we were trying to create in the first place 

[21:32] <BrianQ> right at the hole, the light beam has a diameter 1/100 mm, but it gets bigger very 

rapidly after it leaves the hole... can easily get bigger than the original 1 mm beam in a very short 

distance, even 

[21:33] <BrianQ> So it is not so easy to create a narrow "collimated" beam, because there is this 

fundamental limit about how tightly you can squeeze light together 

[21:34] <BrianQ> And this is the reason we can't use a visible light microscope to "see" an atom. 

[21:35] <BrianQ> The limitation can be derived for a number of different circumstances, and so the 

numbers change a bit depending on exactly the situation being described. 

[21:36] <BrianQ> So the exact size is a little sketchy depending on a particular situation. 

[21:36] <BrianQ> A good general choice though, is the Rayleigh criterion for diffraction-limited 

resolution. 

[21:37] <@Spauwe> can you define resolution for me, please? 

[21:38] <BrianQ> okees.... ever see a pretty picture on a computer screen? 

[21:38] <@Spauwe> yep, I define resolution as pixel per square whatever... 

[21:38] <@Spauwe> thought there might be a different way... 

[21:39] <BrianQ> yes, but you see... it is the condition where there is no change seen anymore, no 

matter how much you magnify an image. 

[21:39] <BrianQ> It is just a bit extreme with a computer screen. 

[21:40] <BrianQ> If you magnify a computer screen by a factor of 1000x, then you'll see one color, 

one pixel, filling up the monitor, with no variation in color across it 

[21:41] <BrianQ> if you magnify by 2000x, then you'll see still one color... by increasing magnification 

beyond 1000x there is no further information to be gained. 

[21:41] <@Spauwe> ok 

[21:41] <DragonStek> is resolution the ability to see finr detail 

[21:42] <BrianQ> yes, exactly... the limit of the ability to see finer detail 

[21:42] <DragonStek> ok 

[21:43] <BrianQ> Digital images capture this idea on a scale we can see... it doesn't take much 

magnification to reach the single pixel level. 

[21:44] <BrianQ> But this "single pixel level" exists as well for any given lens. 



[21:45] <BrianQ> Not everything was always digital, so this stuff was worked out as circles, not 

square pixels. 

[21:45] <doos> pointilism 

[21:45] <BrianQ> yep, so there is a sort of Seurat limitation to light 

[21:45] <doos> ;) 

[21:45] <BrianQ> seen through a lens, that is. 

[21:46] <BrianQ> but since we see through lenses, it is quite applicable. 

[21:47] <doos> brb 

[21:48] <BrianQ> Another way of thinking of resolution... if you have a "true point object", what is 

the minimum size diameter image that a lens can produce? 

[21:50] <@Spauwe> not knowing what you mean with true point My best guess is: the diameter of 

the object 

[21:50] <BrianQ> Using the Rayleigh criteria, diffraction-limit spot size (diameter) of that image 

would be d = 0.6 x w / NA 

[21:50] <BrianQ> 0.6 times wavelength divided by numerical aperture 

[21:51] <BrianQ> So... what happens to resolution as numerical aperture goes down? 

[21:51] <BrianQ> as you decrease numerical aperture, what happens to the size of our spot? 

[21:51] <@Spauwe> it would increase 

[21:51] <BrianQ> yep, the spot size increases 

[21:53] <BrianQ> Let's take a "normal" sort of wavelength, say blue-green light with wavelength 500 

nm 

[21:54] <BrianQ> and let's take my oil-immersion lens with NA = 1.4 

[21:55] <@Spauwe> would give us d = 214 and a bit 

[21:55] <@Spauwe> 214,28571428571428571428571428571 

[21:56] <BrianQ> d = 214 nm, yep... at this level we don't need much beyond that 

[21:56] <BrianQ> um... how big is an atom (in nm, for example) 

[21:56] <@Spauwe> to be honest: no idea 

[21:57] <BrianQ> around a 1 nm. 

[21:57] <BrianQ> around 1 nm, really more like 0.5 nm 



[21:57] <@Spauwe> depending on its state ey ;) 

[21:58] <BrianQ> a little, but atoms live in low energy states, so don't grow too big 

[21:58] <BrianQ> ;) 

[21:58] <@Spauwe> rats, thought I could show off the knowledge you taught me 

[21:59] <BrianQ> no..  you are correct, they do change size... 

[21:59] <BrianQ> but their size change, compared to something 214x bigger, isn't too important here 

[21:59] <@Spauwe> yep, that I see 

[22:00] <BrianQ> that is, my microscope's objective lens, which is the cutting edge of what is 

currently possible... 

[22:01] <BrianQ> cannot tell the difference between light coming from one atom... ten atoms... or 

214 atoms stacked end to end 

[22:02] <@Spauwe> but magnification down to 214nm!!! Ai Caramba, that's pretty good!!!! 

[22:02] <@Spauwe> does it work that way? 

[22:02] <BrianQ> yes, actually, that is how good it is 

[22:03] <BrianQ> but it is never going to be able to separate one atom from another 

[22:03] <BrianQ> I use a camera to record images from the objective... 

[22:04] <BrianQ> it seems in principle that it isn't a very good camera... the photos are only 640x480 

[22:04] <BrianQ> not many pixels there, eh? 

[22:04] <@Spauwe> 307200 in total 

[22:04] <@Spauwe> quite a few... 

22:05] <BrianQ> 0.3 megapixels seems pretty poor in the 10 megapixel age 

[22:05] <@Spauwe> ifthat is what 640x480 comes down to, yes that can be done better 

[22:05] <BrianQ> heck, it wouldn't make a full-screen picture on my laptop monitor! 

[22:06] <BrianQ> but... each pixel on my camera 

[22:06] <BrianQ> when used with my microscope objective lens, covers a distance of 120 nm. 

[22:07] <BrianQ> each pixel covers 120 nm 

[22:07] <BrianQ> they are square, so 120 nm by 120 nm 

[22:07] <@Spauwe> yups 



[22:08] <BrianQ> Would it be useful for me to invest in more pixels... try to cram more pixels onto my 

CCD? 

[22:08] <@Spauwe> dunno, what are you chasing? 

[22:08] <@Spauwe> cool screensavers? 

[22:09] <BrianQ> well, from the Rayleigh criteria, it would be foolish... since my pixels already cover a 

region that is half my lens resolution 

[22:10] <@Spauwe> ahh, yep, now it clicks 

[22:10] <DragonStek> ok i get it 

[22:11] <BrianQ> replacing one pixel with nine, the one brown pixel just turns into nine identical 

brown pixels 

[22:11] <BrianQ> now... this is at the edge... 

[22:11] <BrianQ> what can we expect with gem microscopes? 

[22:12] <doos> much less 

[22:12] <@Spauwe> that I don't know, I have no idea of the NA on my lenses 

[22:12] <BrianQ> well... any idea what the NA is on those objectives? 

[22:12] <doos> 0.1? 

[22:12] <BrianQ> what is the working distance for them? 

[22:12] <@Spauwe> about 15 cm for a 2x 

[22:13] <BrianQ> ok, 15 cm and what is the diameter of the objective lens... maybe around 1 mm. 

[22:13] <doos> 23 mm? 

[22:14] <@Spauwe> less btw, 9 cm for a 4,4cm diameter lens 

[22:14] <doos> oh wait that is the ocular lens 

[22:14] <BrianQ> yes, ocular... objective is quite small little circle at the other end of the microscope 

;) 

[22:15] <@Spauwe> small little circle? ghehe my objectives measure about two inches in diameter 

[22:15] <BrianQ> The metal part does... 

[22:15] <@Spauwe> no the lens... 

[22:16] <@Spauwe> wild heerbrugg style, ja man! 

[22:16] <BrianQ> I see.... 



[22:16] <BrianQ> any photos online? 

[22:16] <@Spauwe> of the scope? 

[22:16] <@Spauwe> let me ebay... 

[22:16] <BrianQ> of the objective, at least :) 

[22:17] <@Spauwe> http://cgi.ebay.com/WILD-HEERBRUGG-M3Z-STEREOZOOM-MICROSCOPE-

Switzerland_W0QQitemZ170266992563QQcmdZViewItem?hash=item170266992563&_trkparms=72

%3A1205%7C39%3A1%7C66%3A2%7C65%3A12%7C240%3A1318&_trksid=p3286.c0.m14 

[22:17] <@Spauwe> the whole thing 

[22:18] <@Spauwe> http://cgi.ebay.com/2X-BARLOW-AUX-OBJECTIVE-LENS-FOR-STEREO-

MICROSCOPE_W0QQitemZ170148608759QQcmdZViewItem?_trksid=p3286.m20.l1116 

[22:18] <@Spauwe> the type of objective 

[22:18] <doos> that is an auxilary lens 

[22:19] <@Spauwe> ? 

[22:19] <BrianQ> yep that is an aux lens, not the objective 

[22:20] <@Spauwe> then where is my objective? 

[22:20] <@Spauwe> ghehe 

[22:20] <BrianQ> rats the first ebay link doesn't show the glass. 

[22:20] <@Spauwe> believe me, there is just that one big one... 

[22:20] <BrianQ> that black thing at the end opposite the two eyepiece columns... inside it is some 

glass 

[22:20] <@Spauwe> ghehe 

[22:21] <@Spauwe> me not stupid 

[22:21] <@Spauwe> yes inside the black thing there is a two inch in diameter lens 

[22:21] <BrianQ> okees... 

[22:22] <@Spauwe> which likes to be called the objective 

[22:22] <BrianQ> so half that is the length of our side opposite the angle used to calc NA 

[22:22] <@Spauwe> I just asked it and it told me: mate I'm your objective 

22:22] <DragonStek> lol 

[22:22] <@Spauwe> when I called it aux lens it spat at me 



[22:22] <BrianQ> 1/15 = tangent angle. 

[22:22] <@Spauwe> spat 

[22:23] <BrianQ> so.. a little rough calculation... NA = 0.06 or so... 

[22:23] <doos> wasnt too far off with my 0.1 

[22:24] <BrianQ> minimum resolution for that... d = 5500 nm 

[22:24] <doos> which was a lucky guess 

[22:24] <BrianQ> or... 5.5 micrometers 

[22:24] <BrianQ> or... 

[22:24] <BrianQ> can't see your average bacterium 

[22:25] <@Spauwe> no, I have a hard time getting rid of dust on my pictures let alone starting to 

worry about bacteria 

[22:25] <BrianQ> whose size tends to fall between 1 - 10 micrometers 

[22:25] <@Spauwe> :) 

[22:25] <BrianQ> :) 

[22:26] <BrianQ> anyways, so you are just not going to be looking at fine detail with a gem 

microscope, but then everyone already knew that... 

[22:27] <BrianQ> and it isn't such a big deal, except for doos, who really wants to separate 

interference rings to a high degree 

[22:27] <doos> heh 

[22:28] <BrianQ> but his mineralogist brethren have him beat by a factor of ten to hundred because 

they look at thin slices, not stones located cm or more away 

[22:29] <BrianQ> but now we know exactly why, at least :) 

[22:29] <doos> ty 

[22:29] <BrianQ> one more little bit... let's talk a bit about human vision, and how can we deduce 

visual resolution for that. 

[22:30] <BrianQ> as it turns out, what is important in human vision is called "angular resolution" 

[22:31] <BrianQ> um... can we call up the blackboard, doos? 

[22:31] <Crystal2> is that why you can only see some stars with peripheral vision? 

[22:31] <doos> holdon Brian 



[22:31] <BrianQ> oo... no Crystal, but that is very interesting too, and something I explain to my 

students 

[22:32] <BrianQ> but they don't really seem to catch onto, since they've never actually experienced it 

[22:32] <Crystal2> maybe another time you would to us? 

[22:32] <BrianQ> I'd be happy to 

[22:32] <BrianQ> discuss it 

The blackboard didn’t want to work…. So here’s Brian in words: 

[22:41] <BrianQ> okees, i'll try ... 

[22:43] <BrianQ> we've already discussed that lens at front of eye creates a "real" image on the 

screen at the back of eye 

[22:43] <BrianQ> what is the minimum pixel for our eye, what is the resolution 

[22:43] <BrianQ> ? 

[22:44] <@Keirkof> the size of (three) photosentitive cells? 

[22:44] <BrianQ> it is measured as an angle, 

[22:44] <BrianQ> because something further from us has to be taller for us to see it 

[22:47] <BrianQ> human vision is pretty much standardized to that 20-20 vision thing 

[22:48] <BrianQ> but more specifically to 1 MOA 

[22:48] <BrianQ> 1 minute-of-arc 

[22:48] <CrystalStar> what if you have 20/10 vision? 

[22:48] <BrianQ> then you see half minute of arc resolution 

[22:49] <CrystalStar> cool!  :) 

[22:49] <@Keirkof> i think i've never heard about those numbers before... 

[22:50] <BrianQ> makes it so much easier to understand, yes I know 

[22:50] <BrianQ> but let's try to understand the MOA, minute of arc 

[22:50] <@Keirkof> that i have heard of :) 

[22:50] <BrianQ> a minute is 1/60 of a degree 

[22:51] <CrystalStar> like a second 

[22:51] <BrianQ> no, a second is 1/60 of one minute! 



[22:52] <BrianQ> a second is 1/3600 of one degree 

[22:52] <CrystalStar> right but I was parallelling the two 

[22:52] <BrianQ> yep 

[22:52] <BrianQ> but anyways, a small measure, angularwise. 

[22:52] <BrianQ> so that we can use the small angle approximation, since a minute IS a small angle 

[22:53] <BrianQ> so... 

[22:54] <BrianQ> one moment while I check my calculator... 

[22:55] <doos> gp is soo slow, it has a tutorial how you go from degrees to minutes 

[22:55] <BrianQ> heh 

[22:55] <doos> I was taught the ca in minutes and seconds back then 

[22:56] <doos> 

http://gemologyproject.com/wiki/index.php?title=Math#Degrees.2C_minutes_and_seconds 

[22:57] <BrianQ> the ratio 0.017 or roughly 0.02 

23:04] <DragonStek> thanks brian 

 [23:04] <BrianQ> I know I have a wedding to attend next weekend, so will definitely not be in then. 

 [23:05] <BrianQ> let everyone know after that... thanks 

[23:05] <BrianQ> ciao ciao 

 


