Chapter 5

Exercise Solutions

1. Parallax angle p = 0.008”

From Eq. 5.1, d = 1/p, as long as p is in units of arcseconds (") and d is
in units of parsecs (pc).

g Lo 1 1000
©0.008  8/1000 8

3.26 1
125 pe = 125 pe x < : y) — 408 ly (ans.)

=125 pc

2. From Eq. 5.1, d = 1/p, as long as p is in units of arcseconds (") and d is
in units of parsecs (pc).

g L o _ 1 1000
©0.002  2/1000 2

= 500 pc (ans.)

The smallest parallax angle corresponds to the maximum distance, since
parallax angle and distance are inversely proportional.

3. From Eq. 5.1, d = 1/p, as long as p is in units of arcseconds (") and d is
in units of parsecs (pc).

From Section 5.1, pproxima = 100 Ppolaris, and ppolaris = 0.0075”.
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Therefore, PProxima = 0.75"
dKap _ 1/pKap _ pprox _ 0-75” —75
dProx 1/pProx Pxap 0.1” '
dKap =175 dprox (ans.)

Kappa Ceti is 7.5 times farther than Proxima Centauri.

From Eq. 5.11, apparent brightness = L / 4wd?

For Vega, L =40 Ly, = 40 x (4 x 10 W) = 160 x 10 W
d =25y x% =236.5 x 10" m
160 x 102 W
apparent brightness = 47?(2362 <105 ) =2.28 x 107% W/m” (ans)

Or, using ratios
LSun 2 2
app brSun o %déun o LSun dVega - LSun (dVega>
Lvesa 2 -
YoE LVega dSun LVega dSun

app brVega B %d%/ v
236.5 x 10'° pr\ ?
i ( . m) — 6.21 x 10" (no units)

T 40 LE \ 150 X 109 pr
(6.21 x 10™)(app brye,,), s

app brg,,
the Sun appears about 62 billion times brighter than Vega. Therefore

app brg,, 1415 W/m® B )
621 x 1010 2.28 x 107° W/m", (ans.)

PP Prvegs = 55057010

in agreement with the answer above.

From Eq. 5.14, Am = log;(brightness ratio) / logio(2.512)

=—128

mmoon

Brightness ratio = 400,000

Am = 1og1(400,000) / logi(2.512) = 5.6 / 0.4 = 14
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mSun = mHlOOn - Am - _128 - ]_4: - _268 (anS)

It makes sense that the Sun’s magnitude is a more negative number,
because the Sun is brighter.

.m=32;d=1751ly

Compare this to a star with distance = 10 pc:

distance ratio: “22° x %{% =0.186

175 I
brightness ratio: (0.126)2 = 28.905 (using the inverse-square law)
From Eq. 5.14,
_ log;o(brightness ratio) _ log;,(28.905) _ 1.461 __
Am = g (2512) = Toa2512) — 04 — 509

M =m — Am = 3.2 —3.65 = —0.45 (ans.)

You subtract Am because the absolute magnitude will be smaller than
the apparent magnitude for this star. This is because its distance (175 ly)
is larger than 10 pc, so bringing it to 10 pc could make it appear brighter,
which corresponds to a smaller magnitude.

M:m—5log[ d ] (Eq. 5.18)

10 pc

m:3.2;d:1751/y/><<1pc>:53.68pc

3.26 If
M=32-5log (%) = 3.2 — 5(0.7208) = —0.45 (ans.)

(same answer as the previous exercise)

a) 6 x 10%* kg x 2;1339% =3 x107% Mg

b) 8x1032%xﬁé:4x1021\/{®:4001\/[@

¢) 6378 kil X o= = 0.00916 Re, = 9.16 x 1073 Rg
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d) 40 A x L0GE BT ol = X 19 — 8.62 x 10° R

e) Tx 10°0 W x imee = 1.75 x 10° Ly

9. See figure below:
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terpolating between the labeled radius lines (diagonals), and performing
a unit conversion, and rounding answers:
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Star A: 10 R x %/‘(gkm =7 x 10% km (ans.)

Star B: 80 Rg x % =6 x 10" km (ans.)

Star C: 0.02 Bg x % =1 x 10* km (ans.)
Star D: 8 Rg x %}fﬁkm =6 x 10° km (ans.)

Star E: 0.09 Bg x 6963;@1““ =6 x 10* km (ans.)

OR, you can use Eq. 5.19 to calculate with ratios:

Star A:
LN S T
R%un %LSun LSUH Tﬁ
Sun
Ry | La Sun 40 ooo/v 5,800 K \* L
Rsw  \ Lo 25,000 K)
Ra = 10.8 Rsun = 10.8 Ry (ans.)
Star B:
Rp Sun 500 /L/ 5 800 K\* i
RSun LSun 4 OOOK B
R =47 Rgypy = 47 Re (ans.)
Star C:
R 1 !
c Sun 0. o /v . 5, 800K \' _ oy
RSun LSun 16, 000 K
Rc =0.013 Rgun = 0 013 R® ans.)
Star D:

Ro _ [LIp T4, _ 100/1/ 58OOK4_415
RSun - LSun T4 9 OOOK -

Rp = 4.15 Rsyn = 4.15 Ry, (ans.)
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Star E:

RSun - LSun
Ri = 0.075 Rgun = 0.075 R@ ans.)

Tgun 0. 004 /I/ 5 800 K\
= 0.075
3 000 K

Then, each of these radii can be converted to km using a unit conversion
from Ry, as previously shown.

11. From Eq. 1.12, rate = amount / time

amount = 2.9 x 10%° kg ; time = 10 x 10° years

2.9 x 10% kg 1 year
te = =9.18 x 10" k
T 10 % 106 years  3.16 x 107 sec . g/sec

12. amountg,, = amountg,, x 20

rateg,r = rategy, X 12,000

From Eq. 1.12, (life)time = amount / rate

timegiq, amountgt,, / ratestar amountg,, rateg
= = X

timegun amountg,, / rategun amountg, rategiar
timeg,,  amowtty X 20 rates 20

= = 0.00167
timeg, amoutrts, La,te/x 12, 000 12,000

timegar = 0.00167 time, = 0.00167(10'° years) = 1.67 x 107 yrs (ans.)

13. lifetime of star = 10? years

or lifetime = k4~

From Eq. 5.21, lifetime M2 5) SVEE

1

5
lifemnlestar _ ]{Mst'gr (MSun ) 2 o (MSun) 2

. . - 1
llfetlrneSun MS245 Mstar Mstar
un
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lifetimeg,, = 1010 year

Mgy, = 1 Mg, (by definition)

Rearrange the above expression to get masses alone. Start by raising
both sides to the power 2/5, and then invert both sides:

o 2 5 % 32 1
hfetlmestar 5 . MSun 2 o MSun 205 o MSun o MSUH
lifetilneSun B Mstar B Mstar B Mstar B Mstar

2
< ].ifetimesun ) 5 Mstar

lifetimegy, - Msun
lifetimegy, : 1010 years ;
Mstar = —S MSun = 9 (1 MQ)
lifetimega, 10° years

Myar = 105 My = 2.5 My, (ans.)



