
HW 2 Answer Key

ATSC 201 Fall 2022

Chapter 1: A7d, A10a, A11d, A12d

Chapter 8: A10d, A11, A12d, A13d, A18d, A19d

Total mark out of 35.5

Chapter 1:

A7d) Find the virtual temperature (degC) for air of

(3.5 marks) d) T(degC) = 40, r(g/kg) = 40.

Given: T = 40 degC

r = 40 g/kg

Find: Tv = ? degC

Using: Tv = T * (1 + (a*r)) eq. 1.21

where a = 0.61 g_dryair/g_watervapor

Convert T(degC) to T(Kelvins):

T(K) = T(degC) + 273.15

T = 313.15 K

Convert r(g/kg) to r(g/g):

r(g/g) = r(g/kg) * (1kg/1000g)

r = 0.04 g_watervapor/g_dryair

Tv = 320.79086 K

Tv = 48 degC

Check: Units ok. Physics ok. 

Discussion: The virtual temperature is higher than 
the air temperature because the air is 
moist.
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A10a)

(3 marks)

Given: P= 80 kPa

T = 0 °C

Find: rho = ? kg/m3

use eqn 1.20 P= ρ*R*T

rearrange eqn 1.20 ρ = P / (R * T)

T(K) = T(degC) + 273.15

T = 273.15 K

solve

where R= 0.287053 kPa*m^3 / K * kg

rho = 1.02029719 kg / m3

Check: Units ok. Physics ok

Discussion:

What is the density (kg/m3) of air, given P=80 kPa 
and T=0 degC ?

Air higher in the atmosphere has 
a lower density.
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A11d)

(3 marks)

Given: ρ = 1 kg/m^3

Δz = 9 km

Find: ΔP = ? kPa

Using: ΔP = ρ * g * Δz eq. 1.25a

where g = -9.8 m/s^2

Convert Δz to m:

Δz (m) = Δz (km) * 1000

Δz = 9000 m

ΔP = -88200 Pa

-88.2 kPa

Check: Units ok. Physics ok. 

Discussion:

A12d)

(3 marks)

Given: P1 = 70 kPa

P2 = 60 kPa

avg Tv = 5 degC

Find: Δz = z2-z1 = ? km

Using: Δz = z2 - z1 = a * Tv * ln(P1/P2) eq. 1.26a

where a = 29.3 m/K

Convert Tv into Kelvins:

At a location in the atmosphere where the air density is 1 
kg/m^3 find the change of pressure (kPa) you would feel if 
your altitude increases by 9 km. 

There is quite a substantial decrease in pressure for an 
increase in height of 9 km.

At a location in the atmosphere where the average virtual 
temperature is 5 degC, find the height difference (i.e., the 
thickness in km) between the following two pressure levels (kPa):
d) 70, 60. 
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Tv (K) = Tv (degC) + 273.15

Tv = 278.15 K

Δz = 1256.30 m

1.26 km

Check: Units ok. Physics ok. 

Discussion:

Chapter 8:

A10d)

(3 marks)

Given: λ = 10 cm

d = 5 m

Find: Δβ = ? deg

Using: Δβ = a*λ / d eq. 8.13

where a = 71.6 deg

Convert λ(cm) to λ(m):

λ (m) = λ (cm) / 100

λ = 0.1 m

Δβ = 1.43 deg

Check: Units ok. Physics ok. 

Discussion:

Because of the log profile, the thickness 
between pressure levels increases as 
you move higher in the atmosphere.

Find the beamwidth angle for a radar pulse for the following sets 
of [wavelength (cm), antenna dish diameter (m)]: d) [10,5]

The antenna dish diameter is fairly 
small, so the beamwidth is larger than 
many weather radars with small dish 
diameters where beam width is <1°. 
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A11d)

(2 marks)

Given: λ = 10 cm

Find: Name of radar band for λ

Check: Units ok. Physics ok. 

Discussion: S-bands detects precipitation,

insects and birds.

A12d)

(3 marks)

Given: t = 25 μs

Find: R = ? m

Using: R = c*t / 2 eq. 8.16

where c = 3.00E+08 m/s

Convert t(μs) to t(s):

t (s) = t (μs) * 10^-6

t = 2.50E-05 s

R = 3.75E+03 m

Check: Units ok. Physics ok. 

Discussion:

A13d)

(2.5 marks)

Given: PRF  = 400 /s

Find the range to a radar target, given the round-trip 
(return) travel times (μs) of: d) 25

From p.242 in Stull (2015), wavelengths λ between 7.5 and 
15 cm are designated as in the: S band. 

What is the name of the radar band associated with the 
wavelengths of the previous exercise? λ = 10 cm

In the blink of an eye the beam 
has traveled over 3km !

Find the radar max unambiguous range for pulse 
repetition frequencies (s^-1) of: d) 400.



HW 2 Answer Key

Find: Rmax = ? m

Using: Rmax = c/ (2*PRF) eq. 8.17

where c = 3.00E+08 m/s

Rmax = 3.75E+05 m

375 km

Check: Units ok. Physics ok. 

Discussion:

A18d)

(9 marks)

Given: Ψ = 0.5 deg

z1 = 10 m

R = 0 - 500 km

Find: z = ? km

Using: Rc = ke * Ro eq. 8.21

where ke = 1.25

Ro = 6371 km

z = z1 - Rc + sqrt(R^2 + Rc^2 + 2*R*Rc*sinΨ) eq. 8.22

Convert z1(m) to z1(km):

z1 (km) = z1 (m) /1000

z1 = 0.01 km

Rc = 7963.75 km

Range, Height of beam

R (km) center, z (km)

0 0.01

For a radar with 0.5deg elevation angle mounted on a 10m tower, 
calculate and plot the height of the radar-beam centerline vs. 
range from 0 to 500km, for the following beam curvature factors 
ke, and name the type of propagation: d) 1.25

The lower the pulse repetition 
frequency, the larger the 
unambiguous range Rmax is. 
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10 0.10354325

20 0.209642

30 0.32829575

40 0.45950392

50 0.60326591

60 0.75958103

70 0.92844854

80 1.10986764

90 1.30383748

100 1.51035714

110 1.72942564

120 1.96104195

130 2.20520498

140 2.46191356

150 2.7311665

160 3.0129625

170 3.30730026

180 3.61417836

190 3.93359537

200 4.26554978

210 4.61004002

220 4.96706446 Check: Units ok. Physics ok.

230 5.33662143

240 5.71870917

250 6.11332588 Discussion:

260 6.52046971

270 6.94013873

280 7.37233096

290 7.81704438

300 8.27427688

310 8.7440263

320 9.22629045

330 9.72106704

340 10.2283537

350 10.7481482

360 11.2804479

370 11.8252504

380 12.3825531

390 12.9523534

400 13.5346487

410 14.1294361
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Beam Range vs Centerline Height

The farther the beam travels
horizontally, the farther it travels 
vertically.  The troposphere is ~10km, 
therefore by the time the radar beam 
has traveled ~350km it will be so high 
in the atmosphere that it may miss all 
precipitating clouds. 
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420 14.7367129

430 15.3564762

440 15.9887232

450 16.6334508

460 17.2906561

470 17.9603359

480 18.6424872

490 19.3371066

500 20.0441911

To determine the radar propagation type, re-arange eq. 8.21 to find ΔN/Δz
Δn/Δz = (1/Rc) - (1/Ro)

Δn/Δz = -3.1E-05 /km

ΔN/Δz = -31.3922461 /km

Table 8-7 for ΔN/Δz between 0 and -79 km^(-1):
The type of propagation is called normal range.

A19d)

(3.5 marks)

Given: reflectivity = 45 dBZ

Find: RR = ? mm/hr

intensity category

Using: RR = a1*10^(a2*dBZ) eq. 8.29

where a1 = 0.017 mm/hr

a2 = 0.0714 /dBZ

Use the simple Z-R relationship to estimate the rainfall rate and the 
descriptive intensity category used by pilots and air traffic controllers, 
given the following observed radar echo dBZ values: d) 45 
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From Fig. 8.28, intensity category for 45 dBZ is:

Heavy

RR = 27.76188311 mm/hr

Checks: Units ok. Physics ok. 

Discussion: 27 mm of rain in 1 hour is quite a lot.

This would rarely happen in Vancouver.


