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Problem 1 (2€ points) Experiment EB

Suppose that experiment EB is performed with a gas that has an
ionization potential of Vi,, = 10V. For a gap of d=0.1mm you
observe electric breakdown at a voltage difference across the
spark gap of Vg,, = 1000V.

(a) What is the mean free path of the electrons in the gas?
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Assume the experiment was repeated using the same gas and
the same gap d = 0.1mm, but in an enclosure with only halif the
pressure and therefore only halif the density of molecules? At
which voltage would breakdown occur under these conditions?
Explain your answer in a few sentences.

Sabnc qas = Same Viow

[ owoev olensdy —> l""rLP In ¢ veases

Ly A
d

Aoulbles

——

Vv Yar Uap = SO0V

The (owev o/av-.s}»ly allows elechons lo twavel [,U/[n
Lo‘[.ovc (aiﬂ\'vﬁ a imolecule. 745%/«7-: #’c ﬁ'c/ol viceeavy

pou Hhem fo }u'o[\ ap ehouﬁ& bty lo rouize molewls
Cam lbe (owev. ?ov ble Same o(, Pﬁa/ e aks
Son ﬁ/{(.«l (/scp,




Problem 2 (25 points)

Shown below is the cross-section of a long solenoid with length
L and number of windings N. The solenoid carries a current .
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5 (a) Using fieldlines, sketch the magnetic field created by the
solenoid.

_ ~ (b) Using Ampere’s Law and symmetry arguments, derive an
[ expression for the magnitude of the magnetic fieid at the
center (X;) of the solenoid. Show work!

(c) Assume an identical solenoid was placed in close
proximity to the first one, to the right of the first solenoid,
5 carrying the same current | in the same direction. How big
would the field at point x, be then? .g= o
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Problem 3 (25 points)

Shown below is a square conducting loop. The loop is not
movable. The sides of the loop have length 1m. The right half of
the loop is inside a uniform external magnetic field, which points
out of the paper plane. The resistance of the loop is 1 Ohm.

(a) At time t=0, the magnitude of the field is B=2T. What is the

magnitude of the magnetic flux through the loop at this
time? {P: B.h= T 05wt = | 120 | WG “4’1‘5 k
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(b) Starting at time t=1 sec, the field is ramped from B=2T to

B=0 over the course of 1 sec with a constant rate. What is i
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the magnitude of the induced EMF at t=1.5 sec duri?g Tge
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(c) What is the direction and magnitude of the induced current .
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(d) What is the direction and magnitude of the net magnetic

force on the loop at t=1.5 sec? .
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Problem 4 (25 points)

Shown below is the cross-section of a parallel plate capacitor
carrying a charge +Q (top) and -Q (bottom). The potential
difference between the plates is AV, the plates are separated by

a distance d.

An electron with charge e = -1.6 10™°C and velocity v is entering
the capacitor from the left.

(a) On the figure, show the direction of the electric field in the
capacitor.

(b) What direction should an external magnetic field have,
such that the electron is not deflected inside the J 4 \ A
capacitor? Sihe e co, +e ehbie fvrcﬂ Fe= €E =|eElY
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(c) What should the magnitude of the field be in terms of the _, '(3]( p) )
quantities given, such that the electron is not deflected ;< ;Amﬂ ' figwre
inside the capamtor’? Show work!
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