PHY 1002 2009: Hints and Tips

Q1.
i. Thermally isolated system: W=0,Q=0=>AU=0
Cyclic process: AU=0=>Q=W =0
-Isochoric process: A= 0-=>W-= 0 =>Q.=-AU
Adiabatic process: Q=0=>AU = -W
ii. Adiabatic process: pv¥=const, so Final volume = 44 atmospheres, T; = 896 K
iii. Work done = nC,(T,—T,) = 500J
Qz.
a) Adiabatic .
b) Isothermal
¢) Adiabatic

Ve=6.79], T;= 83K
Q3.
Temperatures: T; = 240k, T, =960k, T; = 960K

Work: Wy, = 0, Wy3 = -552J (using equation for work in isothermal process), Ws; = -300J (area under
curve — remember sign). Total work = -852),

Q=nC,(T,—-T;) = 1044] = AU.

Q4. Calculation of mean free path: see notes. Expression for thermal conductivity follows from
equating the rate of energy transfer across a plane to kAdQ/dx (see notes).

Mean free path = 5.8.10'8m (large c.f molecular radius).

Qs.

L=0.24m.

Sketch should indicate that rate of energy loss from unlagged bar is proportional to excess
temperature.
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() Y=25x10"Pa.

(d)  Tensile Stress = 1.25 x 10° Pa.
(¢)  Tensile Strain = 0.05.

® Al=5x10"m.

(g d=387x10"m.

@

(@)  Pa=1.027x10°Pa.
(b) Py = Py (same 16‘}61)
(©)  Pc=1.052x% 10’ Pa.

(i1)
£_ _4_75 (,0,,,/2—,02) ”
(a) = e
R 3 (pl - pw)
(b) L/R = 0.684.
_ (ml +m, )8
@ 7= T

(b))  y=0.045Nm.
© a=1179ms>

d t=026s.
Capillary formed between two flat plates (cos8 = 1):
-2
pgd

o -]

(d) Hint: at the equilibrium interatomic separation (r = rg), F = 0 (or, equivalently,
dvidr = 0).

ro=1.131x10""m.
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Hints and Tips

QL.

(1) Involves just standard relativistic expressions for total energy and momentum.
To find the kinetic energy we need simply to subtract the rest mass from the total
energy.

(i) Use the relativistic expression that relates total energy, momentum and rest
energy.

Q2.
The space craft problem can be solved by considering conservation of momentum.

For the radioactive decay you will need to make use of conservation of momentum,
and conservation of energy.

Q3. .

(1) Involves making use of equations of motion. Note that the acceleration, provided
by the force of gravity, is constant during the motion.

(i) Part b) can be solved with the aid of the determinant form of the cross product.
Part c) can be tackled by considering the vector associated with a point along the
line between P and R.

Q4.

Concerning the fairground wheel, consider the net force acting on the passenger.

Q5.

(i) Consider the net force on the lift.

(i) Make use of the conservation of momentum and the conservation of (kinetic)
energy.
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2 3 4
. x x° x> 5 cex pe i .
1. @) f(x)=1+Z—"—+—- 2r (ii) hint is in question

2 8 16 128

3 0 -1 X1 1
2. Equations in matrix form: | 1 -1 1 X, |=| 1 |[; inverse matrix is
1 0 X3
-1 -1 -1 x 2/3
2 2 -4 |. Solutionsare | x, |=| 2/3

3. @) x=0,y=-1,z=Lr=+2, 0=7/4, p=—7/2

(ii)
of 2x of 2y
- =yexpixy)— , T =XxeX - s
axy y P( ) x2+y2 ayx p(x}’) x2+y2
2_ .2 2
2f 2(*-5) @, 2(” -#*)
—=-=y“ex + , =x"ex + =
=Y exp (xy) 71y 3 p(x) e
: . 1
4. Use circular polars, or parameterisation: I = 2
5. Use cylindrical polars: M = g—hza“mo

6. (i) Volume=

asbx ¢|=42; (i) Vo = y* X + 2x)¥

7. No hint required
1/3
Ta.2 ys 1 2 1
8. y=[3#*(Inx+C)] ,C_—3-=>[3x (1nx+§
9. No hint required

10.(b) As w decreases the function becomes higher and narrower, but irrespective of w, the area under
the function is 1. These are the two requirements to generate a delta-function.

(d) Aswtends to zero, ﬂl—l—(—k—y—v—) — 1 (I’Hopital’s rule), hence FT of delta fnis F(k)=
o P

71-
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