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Problem 1

This problem consists of
three independent
parts:

Part A — mechanics;

Part B — molecular
physics;

Part C - electricity.
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Problem 1. Part B

Competence in
thermodynamics;
equation for small
oscillations




Alternative!
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Problem 1. Part C

Competence in LC
circuits; vector
diagrams
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Initially, a switch is unshorted in the circuit shown in the figure on

the right, a capacitor of capacitance 2C carries the electric charge qo,

a capacitor of capacitance C is uncharged, and there are no electric

currents in both coils of inductance L and 2L, respectively. The
capacitor starts to discharge and at the moment when the current in
the coils reaches its maximum value, the switch is instantly shorted.

Find the maximum current Imax through the switch thereafter.




Problem 1. Part C

Method 1. Direct approach

At the moment when the current in the coils is a maximum, the total voltage across the coils 1s equal
to z=ro, =0 the capacitor voltages must be equal in magnitde and opposite in polanty. Let I7 be a voltage on
the capacitors at the ime moment just mentioned and f,, be that maximum current According to the law of

charge conservation
o — 20U + CU, (C21)
thus,
o= c12)
Then, from the energy conservation law
[T 7 0% = ST L TR T
oar 1 1 ) (C23)
the maximum current is found as
=0 @4
After the key K is shortened there will be independent oscillations in both circuits with the frequency
- (C2.3)
and their amplitudes are obtained from the corresponding energy conservation laws written as
e (€2.6)
(S
1 (C2.7y q O

Hence, the correspondi —
ity o9 I = (C2.22)
. (€29) max
Choose the posifive directions of the currents in the circuits as shown in the
figure on the right. Then, the current flowing through the keyis written as follows
r=n . (C2.10)
The currents depend on time as
Iy — Avosol | T sinet, (C211)
I 00— Deos wi | T sinml. (C212)
The constants A, 17,0, F can be determined from the initial values of the
currents and their amplitudes by putting down the following set of equations

L0) — Ay,
(C2.13)
AT T (C2.14)
L0 =0 =1y, (C2.15)
DR+t (C2.16)
Solving (C.13)-(C.16) it iz found that
B -2, (c21n
F——ly. (C2.18)
The sign in I is chosen negative, since at the time moment of the key shortening the current in the coil 2.
decreases
Thus. the dependence of the currents on time takes the following form
Li{r) — dg{rosat + 2 sin wt), (C2.19)
1, () — [ (coswr — sinwr) (C220)
In accordance with (C.10), the current in the key is dependent on time according to
I{e) = 1 (8) = L (8] — 3l cosat (c22n
Hence, the amplitude of the current in the key is obtained as
L (C222)
Hr) = 40— 1, (1) — 31, cos wr. (C221)
Hence, the amplitude of the current in the keyis obtained as
asse = 3 = v = . €220




Problem 1. Part C

Method 2. Vector diagram

Instead of determining the coefficients A, 7, 1, F the vector diagram shown in the figure on the righ
can be used. The segment AC represents the current sought and its projection on the curmnt axis is z=ro al
the time of the key shortening. The current I, in the coil of inductance ! grows at the same time momen|
becanse the capacitor 200 continues to discharge, thus, this current is depicted in the figure by the segmeni
117, The current I, in the coil of inductance 21, decreases at the time of the key shortening since it continues

to chargs the capacitor 2€, that is whythis current is depicted in the figure bythe segment 0141
It is known for above that O — Iy, 04 — 5k, 00 — /21, Hence, itis found from the Pythagorean
theorem that
Al = 0aT OnE = 2y, (C3.1)
BU — UL — UB® — I, (C3.2)
Thus, the current sought is found as
Towa = AT — AT | BE = 3l —angg — 27 (C3.3)
(&
I: q
] = 0
p max
[ N2LC
o B




2C

L

2L

Problem 1. Part C

Method 3. Heuristic approach

1
) = —_—

\2LC. (C1.1)

I(t) = I, Sin wt ©12)

2 — 9o — q1. (C1.3)

r 4
I 7 91c (C14)
— o1
k. 2LC . (C1.5)
1 . ] ] L ﬁ L 2

I = fj_ + 12 ~21c (1] {h}_ CL6)

Note that this derivative is independent

of the time of the key shortening!
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