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a solid structure. The electrical properties of the matter can  
then be explained following the indications reported in Figs. 
1–3, where conductors, insulators, and semiconductors are, 
respectively, discussed. In Figs. 3(b) and (c), the class under-
stands finally how a semiconductor can turn into a conduc-
tor, by the effect of the light or from the doping process. The 
student arrangements reported in Figs. 4(a)–(c), respectively, 
show how in a semiconductor where both the doping types (n 
and p) coexist (a), a region characterized by a voltage V can be 
created (the p-n junction) (b) so that the current I generated 
by a radiation impinging on the semiconductor can now give 
rise to an electric power P = I*V. It is finally worth noting that 
this sort of “human atom model” can be tailored to the spe-
cific class levels to ease the introduction of more complicated 
physical concepts.
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id-state electrical conductivity, useful for explaining such con-
cepts to junior secondary school students and effective to in-
troduce the basic concepts of the solar cell operation, has been 
presented. The activity proposed is implemented “using” each 
student as a neutral atom and arranging the class in regular 
positions (as a chain or a two-dimensional lattice) that mime 

Fig. 4. The solar cell. When both types of doping are carried on 
the same semiconductor, free negative and positive charges 
are added (a). Their mutual attraction realizes positive and neg-
ative regions (the p-n junction) that act as an external voltage 
difference (b). If solar radiation strikes onto the doped semi-
conductor, an electric current can therefore flow in an external 
circuit (c).
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w Question 2: Frisbee dogs
How many dogs jumped to catch a frisbee 
yesterday? (Thanks to Radiolab for suggesting the 
question.)

     Look for the answers online at tpt.aapt.org under    
    “Browse,” at the very end of the current issue.

Question suggestions are always welcome! 
For more Fermi questions and answers, see Guessti-
mation 2.0: Solving Today's Problems on the Back of a 
Napkin, by Lawrence Weinstein (Princeton University 
Press, 2012). 

w Question 1: Box jump force
The record for a standing high jump (jumping from 
the ground to a platform of height h) is 67 in. How 
much force did the athlete exert during his jump?  
(Thanks to Rocco Lapenta for inspiring this question.)
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