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A scanning tunning microscope (STM) tip, modeled as a perfectly conducting
cone # < « in spherical coordinates, is in contact with the surface of a
perfectly conducting object occupying the half-space § > 7/2. The STM tip
is held at potential ® = V, while ® = 0 within the object. The infinitesimal
point of contact (the origin) has resistance R.

A. Find the magnetic field, B(r), for « < 0 < 7/2.
~—[>B. Find the electric field, E(r), for a < 0 < 7/2.

C. Calculate (or deduce by physical insight) the value of

]{s-da,
D

where S is the Poynting flux, and the domain D is the sphere r = b.
Interpret your result physically.
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Problem 8. A scanning tunning microscope (STM) tip, modeled as a per-
fectly conducting cone 6 < « in spherical coordinates, is in contact with the
surface of a perfectly conducting object occupying the half-space 6 > 7 /2.
The STM tip is held at potential ® = V', while ® = 0 within the object. The
infinitesimal point of contact (the origin) has resistance R.

A. Find the magnetic field, B(r), for o < 0 < 7/2.
The current is [ = V/R. Taking advantage of the axial symmetry,

74 B dl= gl

Ve
2T Rp’
where p is the cylindrical radial coordinate.

B. Find the electric field, E(r), for a < 6 < /2.

The problem is azimuthally symmmetric, so V2®(r,0) = 0. Another
symmetry: if » — kr, the boundary conditions do not change. So the
equipotentials must be radial, and @ is a function of 6 only. Consequently,

d (. d®
0= 70 <sm9@> .

Solving by direct integration and applying the boundary conditions,
In[tan(6/2)]

®(0) = Clnftan(/2)] + D = Vm.

E=-V® [cot(0/2) 4 tan(0/2)].

T or In[tan(a/2)]

C. Calculate (or deduce by physical insight) the value of

%S-da,
D

where S is the Poynting flux, and the domain D is the sphere r = b.
Interpret your result physically.

Because of Poynting's theorem, fs S-da = —V?/R for any surface S
enclosing the origin. In other words, the fields must be consistent with the
dissipation of power in the resistor placed at the origin.
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