or from the time derivative of the position,

f@t) = mi(t)
di:(t)
dt

= —mAw?sin(wt + ¢)

= —kiAsin(wt + ¢).

= m

2. Equalizing energies.

We can write

10! 10!
U4l(10 — UA)J [(4 —UNN0—4+ U]

W) = [

The following table lists all the possibilities:

qkww»ao|Qi
—_
)
S
S

This shows that the highest multiplicity occurs, in this case, when the energy is divided
equally between the two objects.
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3. Energy conversion.

(100 keal) (4.18 J cal ) < : 011nin> (1 6%;“) . 697% — 697.6 watts.

An interesting comparison is that 1 horsepower = 746 watts.

4. Kinetic energy of a car.

Kinetic energy = g™mv

_ (%) (1700 kg) Km;m) (3610}(1JS>]2

= 655.8kJ

5. Root-mean-square (RMS) velocity of a gas.

kT
2 —
<’U$ > - M?
_ 1mol kg _ kg
M = 32 1! =5316 x 107 —=
BT X 6,02 x 10% molecules 1000 kg 8 molecule’
1 molecules

(v,2) = 1.381 x 1072 JK ™! x 300K x = 77,934.5m%s2,

5.316 x 1026 kg
(1J = 1kgm?s™?),
= 279.2ms™ .



9. Small differences of large numbers can lead to nonsense.

Since (9f/0x)* =1 and (9f/0y)* = 1, we have €} = &7 + £, = 8. Since &, = £, = 2, we have
e; = /8 = 2.83. Therefore (20 +2) — (19 +£2) = 1 + 2.83.

10. Finding extrema.

Use the Lagrange multiplier method:
of dg\
(3) () - o
af dg\
()2 () = o

This gives

(4z) — \(6) = 0,
(16y) = A(4) = 0,
(22) = A(4) = 0;
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ie.,

g(x,y,2) =6+ 4y +4z — 72 =0.

Find z:

Find y:

Find z:

6r + 4y + 4z — 72

2x dx
A(ZEY L4 (ZE) —
O+ (12)+ <3> 7

36z
— ) =72
(5) -

6

6r + 4y + 4z — 72
6(6) + 4y + 4(8y) — 72
—36 + 36y,

1

6x +4y + 4z — 72
6(6) +4(1) +4z — 72
—32 + 4z,

8.
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(d) Yes, (b) and (c) should be equal. V' is a state function, as shown in (b). Therefore, the
path of integration should not affect the final result.

13. Equations of state.

Cross-derivatives for equations of state must be equal.

@ 12 [( 2nRT }_ B, [R(V—nb)]?

oT | (V —nb)2| — oV nb?
2nRT 2 ﬁ
(V. —nb)2 " nb?>

No, this could not be the total derivative of an equation of state.

oo ] o ()

- nR . nR
(V—nb)z_ (V —nb)?

Yes, this could be the total derivative of an equation of state.
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18. Short-answer questions.

oo
dy dy
(i) 0 0 exact
(ii) g 0 inexact
Y
(iii) —cos —cos exact
(iv) 1 1 exact
(v) 0 0 exact

o7



