METODY RIESENIA FYZIKALNYCH ULOH zima18 — Priklady 1
VZOROVE RIESENIA
Cvicenie 4.10.2018
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Priklad 2

. A... The efficiency of the engine i1s computed as e = Iil The work done is related to the area the

curve which is given as (2P, — P{})( Vo) PDVD = nRTD The heat that enters the engine
comes during stages A - Band B —» C. To d{!tbl‘l'ﬂll‘]h the hcal for each process, we use Q5 =
ne, AT and Qge = ncp, AT. From the ideal gas equation, the temperature doubles from A to B because
the pressure doubles at constant volume. By the same logic, the temperature increases by 3/2 from B
to C since the prc».qure is constant with an increasing volume. We then write Q45 = nc, AT =
n(SR) (2T, — ) = 2nRT,. Likewise, QEC - ncp.a'r =n(3R) (3T, — 2Ty) = SnRT,. This
makes the total heat added equal to @), = EnRTﬂ EnRTn = 4nRT,. Hence, the efficiency is
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Priklad 3
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Priklad 4

First, let us define some directions: x is the incoming direction, and y is the
direction transverse to it. Imagine the test mass is incoming along the x-axis,
and the mass M is sitting at 2 = 0,y = b. Let us denote the velocity components

by (vz,vy). The deflection angle a = v, /v, = Uy/\JU§ — v2 ~ vy/vg x (1 +

[vy/v0]?/2+...), where vy and v, are evaluated in the far future. Small deflection
Is equivalent to small v,/vg, and in that limit a is well approximated by v, /vg
(the correction is order a®). Our task is therefore to find vy in the far future. Let
us define an angle € such that btané equals the x component of the separation
between the test mass and M, and b/ cosf equals the actual separation. (In
the limit of small deflection, the y component of the separation between test
mass and M is always going to be roughly b.) The equation of motion in the y
direction is U = cos§GM/(b/ cos)?. Note that vy ~ vg (this is actually not so
obvious, but can be seen by noting that v, ~ v(1—[vy/v]?/2+...), and v, /v < 1,
and v and vg should differ from each other by no more than (v — vg)/vg <
GM/(bv¢) which as it turns out is a small quantity of order about «). Note
also that v, = d(btan6)/dt = b/ cos?6. We therefore have 6 ~ (vo/b) cos8.
Putting this into the 0, equation, we have dvy /df = (GM/bug) cosf. Integrating
¢ from —7/2 to 7/2, we find v, = 2GM/(bvg) in the far future, and therefore
the deflection angle is 2GM/(bv?). Incidentally, if one blindly applies this to
photons, the deflection angle is off from the GR result by a factor of exactly 2.
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Priklad 5
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