HW3 Answer Key

ATSC 201 2024

Total mark out of 50

Ch2: A5f, A13f, A15f.

Ch8: A12f, A13f, A18f, A19f
Ch10: A1f, A5f, A6b AS8f.

Chapter 2
A5f)

(10.5 marks)

Plot the local solar elevation angle vs. local time for 22 December, 23 March, and 22
June for the following city: f) Toronto, Canada

Given: The location Toronto, Canada
d (22-Dec) = 357 (leap year)
d (23-Mar) = 83 (leap year)
d (22-Jun) = 174 (leap year)

(also accept answers of DOY-1)
Find: W (deg) = ?

Use eq. 2.5: s = Or * cos(C*(d - dr)/dy)

where: Or = 0.40910518 rad
C= 6.28318531 rad
dr= 172 for 2024 (June 20th, but leap year)
dy = 366 for 2024 (but 365 also acceptable)
22-Dec 23-Mar 22-Jun
6s (rads) -0.40886406 0.01755256 0.40886406
6s (deg) -23.4261853 1.00568753 23.4261853

Use eq. 2.6: sin(W) = sin(d) * sin(8s) - cos(d)*cos(Es)*cos((C*tUTC/td)+Ae)

where: b= 43.6532 degN= 0.761892069 rad
Ae = -79.3832 degE= -1.38549821 rad
td = 240 h

time zone of Montreal:
tUTC =t + 4 hours EDT (for Mar23 and Jun22)
tUTC =t + 5 hours EST (for Dec22)
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W (deg)

t(h) 22-Dec 23-Mar 22-Jun
0 -69.45 -42.09 -20.60
1 -67.97 -45.17 -22.80
2 -60.82 -44.34 -22.22
3 -51.11 -39.81 -18.92
4 -40.49 -32.48 -13.27
5 -29.65 -23.35 -5.77
6 -18.98 -13.18 3.10
7 -8.75 -2.47 12.93
8 0.72 8.36 23.38
9 9.08 18.96 34.16

10 15.87 28.89 44 .96
11 20.60 37.53 55.32
12 22.80 43.99 64.25
13 22.22 47.17 69.45
14 18.92 46.32 67.97
15 13.27 41.64 60.82
16 5.77 34.14 51.11
17 -3.10 24.88 40.49
18 -12.93 14.61 29.65
19 -23.38 3.86 18.98
20 -34.16 -6.96 8.75
21 -44 .96 -17.50 -0.72
22 -55.32 -27.31 -9.08
23 -64.25 -35.80 -15.87
24 -69.45 -42.09 -20.60

Check: Units ok. Physics ok.
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Discussion: Toronto's winters luminosity is similar to
Vancouver's winter luminosity

Solar Elevation Angles for Toronto, CA
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Al3e) Find the kinematic heat fluxes at sea level, given these regular fluxes
(2.5 marks) |(W/m~2): f) 500.

Given: FH = 500 W/m~”2
Find: FH = ? K*m/s

Use eq. 2.11: FH = FH / rho*Cp

where rho *Cp = 1231 (W/m”2)/(K*m/s)
FH = 0.406173842 K*m/s
Check: Units ok. Physics ok.

Discussion: This amount of heat flux is just slightly
higher than the advective heat flux of a 1m/s wind blowing
air with a temperature excess of about 0.5C



A15f)
(5 marks)

HW3 Answer Key

Plot Planck curves for the following blackbody temperatures (K): f) 2000.

Given: T=

2000 K

Find: Planck curve of blackbody object with temp T.

Use eq. 2.13: EA* = c1/(A"5 *(eM(c2/A*T)-1))

where cl =
c2=
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Planck Radiant Exitance for T = 2500K
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Check: Units ok. Physics ok.

Discussion: The temperature of this object
(2000K) is alomst the temperature of an incandescent light bulb
The peak wavelength is in the infrared range.

Chapter 8
Al12f
3 marks Find the range to a radar target, given the
round-trip (return) travel times (us) of: f) 75
Given:
t= 75 us = 7.50E-05 s
Find: range of radar target
Use eq. 8.16 R=c*t/2
c= 3.00E+08 m/s
R= 1.13E+04 m
Check: Units ok. Physics ok.
Discussion: The radar target is slightly farther than
10km which only requires a round-trip time of 75 us
since radar pulses travel at the speed of light.
A13f
2.5 marks Find the radar max unambiguous range for

pulse repetition frequencies (s—1) of: f) 800

Given:
PRF= 800 s-1

Find: maximum unambiguous range

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



A18f
7 marks

R (km)
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c= 3.00E+08 m/s
Rmax= 1.88E+05 m
Check: Units ok. Physics ok.

Discussion: The radar's max unambiguous range is
188km which puts it in the C band

For a radar with 0.5° elevation angle mounted on a 10 m tower,
calculate and plot the height of the radar-beam centerline vs. range
from 0 to 500 km, for the following beam curvature factors ke, and
name the type of propagation: f) 1.5

Given:
ke= 1.5
z1= 10 m
= 0.5° = 0.00872665 rad
Ro= 6371 km = 6371000 m
Find: height of radar-beam centerline
Use eq. 8.21 Rc=Ro*ke
Rc= 9556500 m

Use eq. 8.22 z=z1-Rc+sqrt(RM2+Rc"2+2*R*Rc*sin( )
R (m) z(m) z (km)

0 10 0.01
5000 55.59452972 0.05559453
10000 105.1127065 0.10511271
15000 158.554439 0.15855444
20000 215.9196283 0.21591963
25000 277.2081685 0.27720817



30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230

30000
35000
40000
45000
50000
55000
60000
65000
70000
75000
80000
85000
90000
95000
100000
105000
110000
115000
120000
125000
130000
135000
140000
145000
150000
155000
160000
165000
170000
175000
180000
185000
190000
195000
200000
205000
210000
215000
220000
225000
230000

342.4199464
411.5548415
484.6127261
561.5934652
642.4969168
727.3229313
816.0713521
908.7420153
1005.33475
1105.849377
1210.285712
1318.643561
1430.922725
1547.122995
1667.244159
1791.285993
1919.24827
2051.130752
2186.933197
2326.655354
2470.296965
2617.857765
2769.337482
2924.735837
3084.052543
3247.287305
3414.439824
3585.509791
3760.49689
3939.4008
4122.221189
4308.957722
4499.610054
4694.177834
4892.660704
5095.058297
5301.370242
5511.596157
5725.735657
5943.788346
6165.753823

HW3 Answer Key
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6.39163168
6.6214215
6.85512287
7.09273534
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440
445
450
455
460
465
470
475
480
485
490
495
500

= N N w
(€] o ] o

=
o

Beam centerline (km)

440000
445000
450000
455000
460000
465000
470000
475000
480000
485000
490000
495000
500000

15
30
45
60
75
90
105
120
135
150
165
180
195
210
225
240
255

Propagation type:

Check:
Discussion:

19015.1758
19404.91067
19798.53365
20196.04404
20597.44109
21002.72407
21411.89226

21824.9449
22241.88124
22662.70052
23087.40198
23515.98483
23948.44831

HW3 Answer Key

19.0151758
19.4049107
19.7985337

20.196044
20.5974411
21.0027241
21.4118923
21.8249449
22.2418812
22.6627005

23.087402
23.5159848
23.9484483

Beam Centerline vs. Range

subrefraction

Units ok. Physics ok.
The beam centerline height increases

as the range increases which indicates subrefraction
which is typical of an unstable atmosphere
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A19f
3 marks

HW3 Answer Key

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: f) 48

Chapter 10

A1f)
(3 marks)

Given:
dBz= 48 dBZ
Find: Rainfall rate and descriptive intensity

Use eq. 8.29 al*107(a2*dB2)

al= 0.017 mm/hr
a2= 0.0714 dBzZ-1
RR= 45.46204017 mm/hr
Precipitation category: heavy
Check: Units ok. Physics ok.

Discussion: This rainfall rate is considered heavy
which would significantly reduce visibility for pilots.

Plot the wind symbol for winds with the following directions and speeds: f) SW

at 105kt.

Given: M = 48 kt
direction = S
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Find: Applicable wind symbol.

From Table 10-1:
Pennant 50 speed units
half-barb 5 speed units

105 kt = 2 pennants and 1 half-barb

Check: direction and symbol ok.

Discussion: If only the pressure
gradient force was acting here, high pressure would be to the
SW and low pressure would be to the NE

A5f) Town A is 500km west of town B. The pressure at town A is given below, and the
pressure at town B is 100.1kPa. Calculate the pressure-gradient force/mass in
(4 marks) between these two towns: f) 99.6 kPa.

Given: Ax = 500 km
P@A = 99.6 kPa
P@B = 100.1 kPa

Find: FXPG/m = ? m/s"2
FyPG/m = ? m/s"2

Use eq. 10.9a: FxPG/m = -(1/p)*(AP/AXx)
where p = 1.2 kg/m~"3

Convert Ax(km) to Ax(m):
Ax = 500000 m



A6b)
(5.5 marks)
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Convert P@A(kPa) to P@A(Pa) and P@B(kPa) to P@B(Pa):

P@A = 99600 Pa
P@B = 100100 Pa
AP = 500 Pa

Since town A is 500km to the west of town B, there is no pressure change in
the North - South direction.

[FXPG/m = -0.00083333 m/s"2 |

Check: Units ok. Physics ok.

Discussion: The PGF is negative because air flows east to west
from town B to town A. The force is very small
because the pressure difference is very small.

Suppose that U = 8m/s and V = -3 m/s, and latitude = 45 deg. Calculate
centrifugal force components around a: b) 900km radius high in N. hemisphere

Given: U= 8 m/s
V= -3 m/s
lat = 45 degN

= 900 km

Find: FXCN/m = ? m/s”2
FYyCN/m = ? m/s"2

Use eq. 10.13a: FXCN/m = +s *(V¥*M)/R
Use eq. 10.13b: FyCN/m = -s *(U*M)/R

where M = (UA2 + VA2)A1/2

North Hemisphere, high pressure:
5= -1

Convert R(km) to R(m):
R= 900000 m




AS8f)
(4 marks)
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M = 8.54400375 m/s
FXCN/m = 2.848E-05 m/s"2
FyCN/m = 7.59467E-05 m/s"2
Check: Units ok. Physics ok.

Discussion: These components correspond
to a force pointing SSW.

What is the magnitude and direction of Coriolis force/mass in Los Angeles, USA,
given: f) U(m/s) = -5, V(m/s) = 0.

Given: U= -5 m/s

V= 0 m/s

lat = 34.0522 degN of Los Angeles, USA
Find: |FCF/m]| = ? m/s"2

Direction of FCF/m.

Use eq. 10.18a: |FCF/m| = 2*Q*|sin(d)*M |
or

use eq. 10.18b: |FCF/m| = |fc*M |

and eq. 10.16: fc = 2*Q*sin()

where M = (UA2 + VA2)71/2

M = 5m/s
and

Q= 7.29E-05 sM-1

|FCF/m| = 4.08E-04 m/s"2
Direction is towards the North

Check: Units ok. Physics ok.

Discussion:  The force is 90° to the wind's right in the N.H so the coriolis force
will be towards the North, since the observed wind is easterly.




