
HW 5 Answer Key

ATSC 201 Fall 2022

Total marks out of 59

Chapter 11: A14d, A17d, A18d, A19d

Chapter 15: A15d, A16d, A25d, A27d, A29d, A33d, A36d

Chapter 11

A14d) Find the relative vorticity (/s) for the change of (U,V) wind speed (m/s), 

(3 marks) across distances of Δx = 300km and Δy = 600km respectively given below. 

d) 50, -20

Given: ΔU = 50 m/s

ΔV = -20 m/s

Δx = 300 km

Δy = 600 km

Find: ζr = ? /s

Use eq. 11.20:

Convert Δx(km) and Δy(km)  into Δx(m) and Δy(m):

Δx (m) = 300000 m

Δy (m) = 600000 m

ζr = -0.00015 /s

Check: Units ok. Physics ok. 

Discussion: The negative sign indicates that the net motion is CW.

A17d) If the relative vorticity is 5x10^-5/s, find the absolute vorticity at the 

(4 marks) following latitude: d) 75 deg. 

Given: ζr = 5.00E-05 /s

φ = 75 deg 1.30899694 rad
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Find: ζa = ? /s

Use eq. 11.23:

where fc = 2*Ω*sinφ:

2Ω = 1.46E-04 /s

fc = 1.41E-04 /s

ζa = 1.91E-04 /s

Check: Units ok. Physics ok. 

Discussion: Fc increases with latitude so absolute vorticity

will be a maximum at the north pole. 

A18d) If absolute vorticity is 5x10^-5 /s, find the potential vorticity (/m*s) for a 

(3.5 marks) layer of thickness (km) of: d) 2

Given: ζa = 5.00E-05 /s

Δz = 2 km

Find: ζp = ? /(m*s)

Use eq. 11.24:

where ζr + fc = ζa from eq. 11.23 or A17f. 

Convert Δz(km)  into Δz(m):

Δz (m) = 2000

ζp = 2.50E-08 /(m*s)

Check: Units ok. Physics ok. 

Discussion: The potential vorticity is a useful definition in determining how

a column of air would respond to stretching in order to conserve
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its potential vorticity in the absence of turbulent drag and 

heating. This reasoning is thought to influence storm 

development in the lee of the Rocky Mountains. 

A19d) The potential vorticity is 1x10^-8 /(m*s) for a 10 km thick layer of air at 

(6 marks) latitude 48 degN. What is the change of relative vorticity (/s) if the thickness

(km) of the rotating air changes to: d) 8

Given: ζp = 1.00E-08 /(m*s)

Δzi = 10 km

Δzf= 8 km

φ = 48 deg

Find: Δζr = ? /s

Use eq. 11.24:

where fc = 2*Ω*sinφ:

2Ω = 1.46E-04 /s

fc = 1.08E-04 /s

Convert Δzi(km) and Δzf(km) to Δzi(m) and Δzf(m):

Δzi (m) = 10000

Δzf (m) = 8000

Rearrange 11.24 to find ζri

ζri = (ζp*Δz) - fc

ζri = -8.50E-06 /s

Since we know ζp is constant, we can calculate new ζr with new Δz:

ζrf = -2.85E-05 /s

Therefore the change in relative vorticity is:
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Δζr = ζrf - ζri = -2.00E-05 /s

Check: Units ok. Physics ok. 

Discussion: For a fixed latitude, the planetary vorticity will not change.  When

the thickness decreases from 10km to 8km, the result is the

generation of negative relative vorticity, causing the wind to spin 

faster in the clockwise direction (or slower in the 

counter-clockwise direction).

Chapter 15

A15d) Given a lightning discharge current (kA) below and a voltage difference

(5.5 marks) between the beginning to end of the lightning channel of 10^10V, find (1) the

resistance of the ionized lightning channel and (2) the amount of charge ( C ) 

transferred between the cloud and the ground during the 20 micro second

lifetime of the lightning stroke. d) 8 

Given: Δt = 20 μs 

V = 10000000000 V

I = 8 kA 

Convert Δt = 2.00E-05 s

I = 8000 A

1) Use eqn from "INFO: Electricity in a Channel"

Rearrange to R = V / I

R = 1250000 ohms

2) Use eqn from "INFO: Electricity in a Channel"

Rearrange to ΔQ = I * Δt

ΔQ = 0.16 C
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Check: Units ok. Physics ok. 

Discussion: Lightning strikes are one of the most fatal weather hazards

in North America. 0.16 C is a huge charge.

A16d) To create lightning in (1) dry air, and (2) cloudy air, what voltage difference is

(3.5 marks)

Given: Δz = 0.8 km

Find: ΔV_dry = ? V

ΔV_cloudy= ? V

Use eqn. 15.16:

where Bdry = 3.00E+09 V/km

Bcloudy = 1.00E+09 V/km

ΔV_dry = 2.40E+09 V

ΔV_cloudy = 8.00E+08 V

Check: Units ok. Physics ok. 

Discussion: Lightning can be deadly, regardless of the type of air 

we are looking at. The longer the stroke, the more dangerous. 

A25d) What is the minimum inaudibility distance for hearing thunder from a sound 

(3 marks) source 7km high in an environment of T = 20 deg C with no wind. Given a 

lapse rate (degC/km) of: d) 8

Given: z = 7.00 km

T = 20.00 deg C 293.15 K

γ = 8.00 degC/km

Find: xmax = ? km

Use eqn. 15.38:

required, given a lightning stroke length (km) of: d) 0.8 



HW 5 Answer Key

xmax = 32.03 km

Check: Units ok. Physics ok. 

Discussion: The position of T in the equation indicates

that warmer air propogates sound better.

A27d) For a Rankine Combined Vortex model of a tornado, plot the pressure (kPa) 

and tangential wind speed (m/s) vs radial distance (m) out to 125m, for a 

tornado of core radius 25m and core pressure deficit (kPa) of: d) 0.4 

(13 marks split into 7 for the answers, 5 for the plot, 1 for check+disc)

Given: Ro = 25 m

ΔP (at core) = 0.4 kPa 400 Pa

Find: P (kPa) and Mtan (m/s) for R = 0 to 125 m

It is evident from eqns 15.40-15.43 that we need to find ΔPmax and Mtanmax.

First, we can see in eqn 15.41 that at the core (R=0), 

ΔP = ΔPmax = 400 Pa

We can then use eqn 15.44 to calculate Mtanmax

where rho = 1 kg/m^3

*Different values accepted. Will slightly change final answers*

Mtanmax = 20.00 m/s

(at R = Ro = 25m) (18-21 depending on rho)

We can now calculate our Mtan values for our plot:

Use eqn. 15.40 for R < Ro:

Mtan = Mtanmax*(R/Ro)
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Use eqn. 15. 42 for R > Ro:

And our ΔP values:

Use eqn. 15.41 for R<Ro:

ΔP = ΔPmax*(1 - 0.5*(R/Ro)^2)

Use eqn. 15.43 for R>Ro:

R (m) Mtan (m/s) ΔP (Pa) ΔP (kPa)

0 0.00 400 0.400 25

5 4.00 392 0.392 25

10 8.00 368 0.368 25

15 12.00 328 0.328 25

20 16.00 272 0.272 25

25 20.00 200 0.200 25

30 16.67 138.89 0.139

35 14.29 102.04 0.102

40 12.50 78.13 0.078

45 11.11 61.73 0.062

50 10.00 50.00 0.050

55 9.09 41.32 0.041

60 8.33 34.72 0.035

65 7.69 29.59 0.030

70 7.14 25.51 0.026

75 6.67 22.22 0.022

80 6.25 19.53 0.020

85 5.88 17.30 0.017

90 5.56 15.43 0.015

95 5.26 13.85 0.014

100 5.00 12.50 0.013

105 4.76 11.34 0.011

110 4.55 10.33 0.010

115 4.35 9.45 0.009

120 4.17 8.68 0.009

125 4.00 8.00 0.008
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Here I used a secondary vertical axis on the right hand side. You can also earn full marks by

splitting it into two separate plots.

Check: Units ok. Physics ok. Looks like Fig. 15.33

Discussion: Those core winds are not very strong compared to a tornado with

a larger core pressure deficit. 

A29d) What are the Enhanced Fujita and TORRO intensity indices for a tornado of 

(2.5 marks) max wind speed (m/s) of: d) 50 

Given: Mmax = 50 m/s

Find: EF and TORRO ratings.

Use Tables 15-3 and 15-4:

A tornado with max wind speed of 50 m/s would be rated an EF2.
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A tornado with max wind speed of 50 m/s would be rated a T3. 

Discussion: A tornado of EF2 and T3 can be expected to produce considerable

damage. Roofs could be ruined, walls could collapse, windows

would break, and cars and trucks could be blown over.

A33d) A mesocyclone at 38N is in an environment where the vertical stretching

(4 marks) (ΔW/Δz) is (20 m/s)/(2km). Find the rate of voticity spin-up due to stretching 

only, given an initial relative voriticity (/s) of: d) 0.0008.

Given: ΔW = 20 m/s

Δz = 2 km 2000 m

φ = 38 deg

ζr = 0.0008 /s

Find: Δζr/Δt (/s^2) due to stretching only.

Use stretching portion of eqn 15.51:

Δζr/Δt = (ζr + fc)*(ΔW/Δz)

where fc = 2*Ω*sinφ Ω = 7.29E-05 /s

fc = 8.98E-05 /s

Δζr/Δt = 8.90E-06 /s^2

Check: Units ok. Physics ok.

Discussion: Stretching is only part of the ingredient for tornadic rotation.

Stretching results in an increase in the amount of spin in the 

atmosphere.

A36d) Given the hodograph of winds in Fig.15.40a. Assume W=0 everywhere. 

(11 marks) Calculate helicity H based on the wind-vectors for the following pairs of 

heights (km): d) 3,4.

Given: W = 0 m/s
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zf = 4 km 4000 m

zi = 3 km 3000 m

Find: H = ? m/s^2

The word calculate in the question indicates that we need to use a mathematical

method, not graphical.

W = 0 everywhere simplifies eqn 15.52 to 15.53:

H = -Uavg*(ΔV/Δz) + Vavg*(ΔU/Δz)

where Uavg = 0.5*(Uf + Ui) and Vavg = 0.5*(Vf + Vi)

From Fig. 15.40a:

Mi (z=3km) = 13 m/s

Mf (z=4km) = 15 m/s

αi (z=3km)= 170 deg

αf (z=4km)= 190 deg

To find Uavg and Vavg, we need to find the U, V components of each point.

From eqns. 1.3 and 1.4:

U = -M*sin(α)

V = -M*cos(α) You could also copy the points onto the

pg 512 hodograph and carefully use the

Ui = -2.26 m/s U, V markings to find the components.

Vi = 12.80 m/s You need to a) use a ruler and b) check

your values by calculating M = sqrt(U^2

Uf = 2.60 m/s +V^2) to make sure your M agrees

Vf = 14.77 m/s with the hodograph reading of M.

Uavg = 0.17 m/s

Vavg = 13.79 m/s

ΔV = Vf - Vi = 1.97 m/s

ΔU = Uf - Ui = 4.86 m/s

Δz = zf - zi = 1000 m

H = 0.06669393 m/s^2

Check: Units ok. Physics ok. 

Discussion: Since there are no vertical winds, this value represents

the streamwise-vorticity contribution to the total helicity.


