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19.B.3. Saturat ion Phenomena a n d  Spectral Lifetimes 

In the preceding Section, we calculated the effect of monochromatic radia- 
tion on the relative populations of a system of isolated particles char- 
acterized by two energy-levels, Em and En. The principal result of that  
calculation appeared as Eq. 19-32 showing that externally applied radiation 
a t  a frequency of (Em - E,lh) causes any. initial population difference, 
( N ,  - N,), to decrease exponentially to zero while the irradiation is applied. 
However, for an  actual system in thermal equilibrium with its surround- 
ings, i t  is found that in the absence of externally applied radiation, the two 
populations are not the same, but obey the Boltzmann ratio of Eq. 19-4a. 
We are therefore led to conclude that there must be soine "coupling" or 
connection between the system and its surroundings that makes "down- 
ward" transitions more likely than "upward" transitions by the Boltzmann 
factor that describes the two populations a t  thermal equilibrium: 

n.3 - wL - e - ( E n - E m N k T  at  thermal equilibrium 
N, WT (no radiation applied) 

Equation 19-33 is conceptually identical to the usual relation between an  1 
t 

equilibrium constant and the component rate constants in an  ordinary 
chemical equilibrium &% -klt~3 +kc#] so RLWU 

A + ; [BI- k l  
[A1 k - I  

chemical equilibrium (19-34) 
k-l 

in which Wt and W1 represent the "rate constants" for transitions L 3ward 
or downward (see Fig. 19-8). 

In the absence oflapplied radiation, we can write equations for the rate 
of change of energy-level populations, dNJdt and dN Jdt,  where the rate 
constants W T and W J for (radiationless) transitions between levels reflect 
some sort of interaction between the system and its surroundings (this 
interaction is discussed more precisely in Chapter 21.A and 21.B): . 



or just 

I t  is convenient 6 rewrite Eq. 19-36 in the form 

where 

from a situation in which N ,  = N ,  a t  time zero (i.e., 
both levels equally populated initially), Eq. 19-37 is quickly solved to give 

from which it  is clear 
tion difference betwe 
ample, the exponenti 

(see Fig. 19-17). 

FIGURE 19-17 Plot of population difference versus time, for a two-leve! 
system with initial population difference equal to zero a t  time zero. At infinite 
time later (i.e., thermal equilibrium) the population difference approaches its 
thermal equilibrium value ( N ,  - N,),,, (see Eq. 19-37a). 







Lens Primer ' 

Fig. 1 

Fig. 2 

Fig. 3 

IMAGE 

Fig. 4 

Fig. 5 

The drawings show how simple lenses form images. The 
first four drawings represent positive lenses (plano-convex, 
double convex, positive meniscus and positive achromats), 
and the last drawing represents negative lenses (plano-con- 
cave, double-concave, negative meniscus and negative ach- 
romats). From these drawings one can infer where an image 
will be formed and its size relative to the focal length (f), and two 
times the focal length (2f). It can also be inferred that if the 
image is formed on the right side of the lens it is real and can 
be projected onto a screen. If the image is to the left of the lens 
it is virtual and cannot be projected ontoascreen. Fig. 4 shows 
the most common case of a virtual image, the hand held 
magnifier. From the drawing one can see the image is virtual 
and enlarged, and as we all know can be seen with the eye. 
This is an important point to remember, as virtual images can 
only be viewed or projected with the aid of another lens, in this 
case the eye. The final point to infer from the drawings are 
image orientations. For real images the orientation will be 
inverted and for virtual images the orientation will remain the 
same. The following chart summarizes object and image 
locations. 

Positive Lens 

Object Image 
Location Type Location Orientation Relative Size 

->0>2f Real f< I <2t Inverted Reduced 
0 =2f Real 1=2f Inverted Same size 
Ics o c2f Real -> 1>2f Inverted Magnified 
0 =I =c., 

1 < f  Virtual I 1 I>O Erect Magnified 

Negative Lens 

Object Image 
Location Type Loca!ion Orientat~or. Relat~ve S ~ z e  

Anywhere Virlual I I I < I i I  Erect Reduced 
o >  111 -- 

' 0  = Object Distance I = Image Distance 

To further determine object and image location it is possible to 
use the following approximation. 

1 - 1 - - 1 
focal length object distance image distance 

The object and image distance should be measured from 
the center of the lens to their respective distances away from 
the lens. 

To find the approximate projected magnification of a !ens 
the following is used 

projected = - focal length 
magnification object distance - focal length 

If the equation works out to be negative the image will be 
inverted and if positive the orientation will remain the same. 
One should not confuse the magnification above with that of a 
magnifier used to aid the eye. In the case of the eye the 
magnification is dictated by a two lens combination and is not 
as easily approximated. 

18 We Manufacture Cus tom Optics. See Page 1 9  For  OEM A n d  Special  Opt ica l  In format ion or Call 1-609-573-6259 
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