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MET4450/450 (Black-body radiation): Ahlquist (1 hour, 1997) *

¢ Question

(a) What is the formula for the flux density in watts per square meter emitted by a
blackbody at temperature 7? What is the name of the constant in this formula?
(b) According to Kirchhoff’s law, how are absorptivity and emissivity related for a body

in thermodynamic equilibrium?

(c) What is the absorptivity of a black body? What is the emissivity of a black body?

(d) Consider a simple radiative model in which the atmosphere is treated as N isothermal
layers, each of which absorbs and emits as a black body at the top and bottom of the
layer. Let T; represent the temperature of the i-th layer. Let Tj represent the
temperature of the surface, which is also nearly a black body in the infrared.

Assuming steady state, write the flux balance equation for the i-th atmospheric layer

wherei=1, ..., N-1.

(e) What is the flux balance equation for the N-th layer whose top is at outer space?
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MET4301/5311(Dynamics I): Ahlquist£60 minute
¢ The equation for the vertical component of voﬁ:ty, C=0v/Ox—0uldy,is
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where f =2Qsin¢g and where the last term in the vorticity equation is a rearranged

version of
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Explain physically the way in which each of the 6 terms on the right hand side caused
vorticity to change. For each term, your written explanation should include a drawing of a
physical example in which that term is important. Examples from meteorology or
oceanography are preferable, but any examples involving the flow of a liquid or gas are
acceptable. You can have 6 different examples if you want, or you may know of some
examples where several of the terms on the right hand side are important. Just make sure
that you give a physical example for each term.
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Sound Bayes

MET4302/5312(Dynamics II): Ahlquist (60 minutes) *

¢ Question

(a) Give an example of a process in meteorology that involves sound waves.
(b) Derive the linearized equations that describe how one-dimensional sound waves
propagate. Solve for the wave speed, and put in numbers to get an order of magnitude

value for the wave speed.

(c) How can sound waves be eliminated from numerical models?
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MET4302/5312(Dynamics II): Ahlquist (1 hour, 1997)
e Question
(a) A simplified version of the linearized nondivergent barotropic vorticity equation can

be written as
_ 2
(2.22)2% p2 g
ot ox/ Ox Ox

Where u and B are constants. Assume that y(x,t) = ¥e'™™") where ¥ isa
. constant, and solve for the dispersion relation.

\/'(b) Using the dispersion relation you just found, compute the phase speed. In synoptic
meteorology, one hears the statement: Short waves travel faster than long waves.
Long waves travel faster than short waves, though, in a reference frame moving with
the mean flow (so #=0). Explain how there is no contradiction in theses two
statements.

(c) Compute the group velocity of a Rossby wave.

v/ (d) Suppose that Rossby waves are excited by an isolated disturbance. Explain why the
group velocity is not of direct use for computing the speed of a Rossby wave packet
near the excitation point. Hint: To compute a group velocity, you must evaluate the
group velocity formula at some particular wavenumber k. What “value” of k will be
excited by an isolated disturbance?

(e) Can the Rossby wave solution that you found in part (a) ever grow exponentially in
time? Why or hy not?
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MET4302/5312 (Baroclinic instability): Ahlquist (60 minutes) ***
e Thoroughly discuss baroclinic instability from the perspective of the two-level

linearized quasi-geostrophic equations, where phase speed is given by
2 2
B(k* +27) L

where 5o B Z_U?@xZ-kﬂ
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and where U, and U, are the upper and lower level mean zonal winds or ocean currents,
o is the static stability (always positive for QG theory), and Ap is the pressure difference
between the two layers. In your discussion of baroclinic instability, you should explain:
(a) Are the waves dispersive? e o, wadius of debriackion
(b) What name is given to A™',’and what is its significance? (Hint: A? has units of m?).
(c) What is slantwise (or sloping) conveciion?
(d) What physical effect helps to stabilize “long” waves? What physical effect helps to

mmm%mﬂmgg,»mm%m L—Reled

(e) What role does baroclinic instability play in the.Earth’s atmospheric energy budget?
As part of your answer, you should make a sketch of a stability diagram. Do this by
labeling regions of stability and instability on a parameter space diagram showing

k? /(22) on the abscissa (x-axis) and 2A°U.. /B on the ordinate (y-axis).
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MET4302/5312 (Baroclinic instability): Ahlquist (60 minutes) ***
e Thoroughly discuss baroclinic instability from the perspectlve of the two-level
linearized quasi-geostrophic equations, where phase speed is given by DA

B(k* +22) Lsin

¢=Un- Pk +202)”
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and where U, and U,are the upper and lower level mean zonal winds or ocean currents,

o is the static stability (always positive for QG theory), and Ap is the pressure difference

between the two layers. In your discussion of baroclinic instability, you should explain:

(a) Are the waves dispersive?

(b) What name is given to A", and what is its significance? (Hint: A? has units of m?).

(c) What is slantwise (or sloping) convection?

(d) What physical effect helps to stabilize “long” waves? What physical effect helps to
stabilize “short” waves?

(e) What role does baroclinic instability play in the Earth’s atmospheric energy budget?

As part of your answer, you should make a sketch of a stability diagram. Do this by

labeling regions of stability and instability on a parameter space diagram showing

k* /(2)\?) on the abscissa (x-axis) and 2A\*U,. / B on the ordinate (y-axis).
look gt dte piigched nete.
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MET4302/5312 (Atmospheric dynamics): Ahlquist (60 minutes)
e Thoroughly discuss baroclinic instability from the perspective of the two-level
linearized quasi-geostrophic equations, where phase speed is given by

BE*+%) o
"R (K 202 +0
for k = zonal wavenumber = 27t /wavelength
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1
UT = _2_(Uupper - Ulower)
and ¥ = £ (onp?)
where U, and U . are the basic state flow speeds at 75 kPa and 25 kPa, Ap = 50

kPa, and o is the basic state stability at 50 kPa. In your discussion of baroclinic

instability, you should explain: (i) What name is given to (A" and what is its
significance? (ii) What is slantwise (or slopping) convection? (iii) What role does
baroclinic instability play in the global atmosphere’s energy Jbﬁqc_lﬂgit?

losk ot Yo Affaded wole




Barochyre T»siabﬂgy —> Holors chg.2.

* The expresston £ e phase Speed C can be muliphed 17 k 4o e
v=kC =k ( /\4)
The ¢ a digperston retafron . We Say Hhat waves are disperswe #
hetr phase speeol dependls on kavenumigr In 44iS 0me He phese Speed C
Clealy olependls on He watenumbcr k Therefire He waves olescribed by
{his chsyerston relatton are dispersive ,
o It 15 cleor Sk R8O/, He PL@ Spesd will have on miaginary part
s So & Soletron of Hhe Brm ORI | Lepme QRGO HRGE
That 13 , Hhere Wil be au eqonentia] Jem m iw,e“‘*,
IR Ci<o Hhe periwbotnon wil exwrcg deozy ; wHh (270 , exporeriin|
9roioth. Thus there eaists He possibili, ms{abihy ™ 1he Laves desailed
\\:y +his oligperston relabon.
W =0
As the Frat specral dase we Gnsier., lek Ur =0 So Het 4he basic Slete
Hema) vinol vanshes ordt she mean fows 15 barotropre. With Ur =0, e

tom £ 8% Lecomes £ BN/R(k40Rky, We have dwo phase speed,

U BERR e B
Co=n ™ s T ity Un [T
ot Bk +p BA ACR24IXY)

Co=Un = imam ™ Tewam = U T b geiamy

(s34

( Oy = Un— PO+ ~> Intemal bacscinre Rossty wave
Ca=Um-BR* >5@~.@\|:rc Ressly pove
The phase Speeds ave 16l and S0 He teves 2re stable Ovd @nmecposd +o
the Free (viormal mede) ogrllelone for the Hoo level medel 1ith 4 lowtapre
base Siate cunerd, The phase Speed Co Te ¥ digperstn ekatton B 4
barotropic Rossby wove with no Y dependenee. The perurbotion i
barotrepic m structure. Tle phase spedd €1 may le mierpreted as Hhot
Pov an mernal baroclime Rossby wave. T 15 aim anlogws 4 e puoe
speed £ a homogehews s0ean ok 2 Free urface provided we  replace
an wilk '&%H. In each of hese aomes Hore v verbioe] motty
aswoialed wih He Rosry weve desaded by Oy, Wrih vertroc melion
present: Hhe stk s\aLmy Coh mw«sf/’ e wave speed, Tor ke ave
descriled \7 _9,_ e {oer & wpershezmﬁud»mn Letog arel 180° sut &
_phase =, He perhulotion 1 baroclinte (though He base Shete
barotropre). The mid-lvel @ $retd 12 14 worplensth ot of phase
with e opper lovel & Relol wHh max A motton west of He upper leel
& Feld, Thig pattern of O makes plysiar( sense When we refe Hot
Ci- Um €0 sp Hhat e chistorbance moves westiord relative 4o e
ween flon.
The telative imottsn of Hhese wavee TS
< CG-Um=-f (K422 — Intemal barchinie mide
Ca~Om = -pk™
Fom, {hic we See Hot Hhe bavoclinic mode moves westward ot 4 Sluser
rete than He barhopie modle. T has been Shown Hhet tre Tiemal
baroclinic mode o 4 et of Hle vpper Loumlay GndHon —> =0

ot-Hhe Jop of He madel Amogphee. This upper BC eﬁ%c-l'wey pbs
a fiol on H@lﬂ’wﬂpm The raz( A"MOSP‘-M does not hae 2 Fvoe

\as:aﬂ(chan which we can Tde--k-& as an rfernal bavochure Rossly ware,

— banhopie mde

I
<£=0 ‘
We howy consvdoy- @ Seand Spectel €25€ | B=0 . This i3 quebbetively smilar o the
Eady problem, This case oowespowels o He Prlane qproxwcton, Ty o labomto
expertmeit this ome comespouds 4o ove ™ Whrch He fud bounded Alore Le&
b)’ "‘7"'44"@ horrzoutal Plaiex S et He gmﬂ# 4 rotation veclrs av evevage,
pawllel. Wi Bz0 oy B C ,ﬁitm,.h
—o )4k Yy
C=Umth -—:;Z‘:%ﬁ

Rsath we ke loo modes . of nirarest hore T #c_komlﬁhb o Mo&?l‘k. I e
demwm mSHle He ( Y4 75 negetwe we (ill have an w;rmy conponettt doHe phace
speed . (e a('fﬂd/ Shiwr, +hot the vesolliny pordarbation wif Srow fooue»haﬂ/
® Ce>0gnd exponehhu} deazy i# <0,
Te andition B motabitly 13 thet

k*<an —> Tostalshly coours

771

Notwo k:% gp this anditton 18 egumle\-\- 4o ( T=— %"_f
—%: < axy ,:(f:“___%;_;go h={}% au%:%i-
2%[3: <l mEs un‘-ir * o

" szri;g:Ea;TEAE

Deves with 8 waglengtls grealer Hhen He Critesd weleagth Lo wll be ustel
For- #ypteal Hropospleric: gondltions
Vo ~ axio® wie
AP ~ 50kPa :50)((032\/
£~ 0%

T ~2xlp~¢
Nz

We $mq Lo~ axio3ge T Soxi0’-dy 2 314, 6 km ~ 3000kn
(0% 1
The paraveter 171 lus gnws of w7, We Sae Het 1 phys 4 speciel role 1,
defmiyg Hhe crriral wrelegsh 4 uhich, Tnsla.h(iy ocurs. We call X' e
_redhus of deformation.

L%-. : qur = clfidaob bl ey, of ok botn

This lenpth gele ™ereases it de clafre siakildy. Tn fle context of o
problem the critttel wayelengtl, v n.gta.',ﬂny mereases WHh shette chalitiy,
Thtg relekonship provides Mgt s e oPlen noled “Short wave tdbilizehon
T batodivic thetabilily,

The rde of shette shabilidy S‘MH(“QLH‘E Shorler aves aan be undersioad
gualitatively as %(lo-vs.,Fo»a Smusototal  pertu Lebon,
¢’ = bexp Gk x-cb)

Te relative vM1c77 and hesce He diffrential Vorrcs
the gguere o e navenumter. Thet s ,

L=V = _%e“*““‘*’(-k’)
¢ =-b
In GG dynamies a Secomolary verTeal ChrcukeAton Erves fo nammdein hyoboske

-kaerduf chenges and geoohoplic vorlwrycl‘a:se_‘ ™ fe plesence f A Pores
vov&rcry adyectTon.

2dvection Thei0ases 2

Ls ey - pvA meang :;’t . Swe Gg =—#-V‘1) , when C;T , He geopelovit by
Thordes to produce .&u:g Ine«éldx- islyg ofros decdopr.
Thus, for a @eo‘:&em@( pertur betTon R Fixed amplitude (AY, e rolahve
Shenghh of Ho Secomdaty verdice| Ciraletion musk meese ot dhe wove lorgih
decreases (vasenutbor ereasesy | Stalte stabiidy dends do resicd vertier|



mobion, for g given T, the Sartest uaves ae Staltlived. Ps g1,
TereasTly loger waves ae Sdalhzed,
J+ 13 also Moot m the B=0 case fo nole hot He crTiual warelengll,
. £x_nalalild, docs net-clepenl on e Lase 9hale mean Homal wind Us
o2 BT _ 5T _ I map
2 (eE:f)" 3

K Llez@nx'
Hottewen , e gropsth rete, X , dlogr depend on He mezn Hemal uind. To
See g Suppete oot k*<2)* Thew He phase speed C hag bodls reel ang
nmgnay kponerts .

3 3 '{:.
C=Um:t()1'{%i3:—») whee R*< 2P

a)l /2.
C= Uh * ‘-UT h“-‘n)f'
L"C:

For perturbations o e o,

W/ = DO _ TR~ (G ICH)_ Tk Cx-Get) ek&*
We see Yot i He pise Speed has an Tginany Coupanent. Hen dte ware
row or dea? exronehﬂ'ab at Yo vete oA =khCr In e present cage

% =kG = ik(}r(” LA

\\ The grwll rade Trereases (m nptud ) linearty With Yo Hertol wind
. ,éene\mI 00S@
Frow he given phase speed 4. we voted Hal He gueshon o2 Turlahhy
laye ™ e S e, B negobue S mplies or unghalle wave . B posihve
S mplies 2 stable weve, Thus, wlew § =0 we bave 2 warginaly, sielie
leve. The nadiel (uve ts one whick (onnedts all Ur and k & wlich
$=0. when $=0,
g U (a¥-k)

RORPHORE Rean

Ths Complioeted teloﬁohgl.z‘, betoegn

An@m, be nmmgf.u) and)

mosk readily displyed Ly oy de dove For R/
%7% % y(elols .,.J. ,,o.ue.wl
sm = [l '4»‘*(»1

Boloty we PH" die nondimensional guawh* ——-)VS %‘b—))

meassre of Eoned wawnkmiey

.0

& nslatle
$<o e warelength of max
1‘ Sz ‘msiahhy om,,; o
5 A | =3 or & onHae
577 " Naigom.
P —t
Stalle (§>»
: > <nﬂves are ah}' uisheble wlo.e>
0 0.5
org eves

k*<ax® or’ R <
ml—‘

unsdable wesd exish B> Shoueres
Ohly when a» vete Shoa ot af He
N \S it
1%(_)1-_ > propmtione 4o (wavelengthy ™ Shart worelongils <

Stalilrdy restsis e verticad
motion necesy, & Hese

8 old e
I>== le (b oot
[0 >J;,a => 1 ‘?’ Lhrzes (0VES —3 henep o shov

£ _ R I k4 kY a
v »+>—->W=7<z——ﬁ> -
L_6& R tz*

EREYT O v =) - U woe =0

Ib 72 Cleor Bt e nclisTr, of B Serves to stabilize #e fow. (Reafl Hot
™ $he Ead] Gr\a,l/sts (; =0 s e Could net discesn e role 09?) Wrth
& merliona] gradient T podabion presert(Hmough e fe) He Hermal
wind Ur miust exceed Jle pinrmom Ut =—QF? ™ ovdey $or wares ab aw/ Sede
4o Leawme poten’rmy utghable. Ds noled m e Tady problem, He Elons T
alua)cs halle £ wares Shorianthan She critiod wareleah,
Le =z my”
The ‘evg wove ghabi izaton asccieled wMly He B effedt hae 4o do wih He vph
hiestieard rmpogd-?ov. o Rn&t'y wares (8l Ol = ..{3}{"&,. Rossby wiaues ).
Tk an Le shoon Yot ™ Q@G dynantss, bavocli nraally unstable waves algys

J_prpasse of a speed which |tes lehween Hhe max & min mean Zona| wind

_Speeds. Thug, in our fwe level mode| i He usuef mdlettiude cose wlove
Ur> Us >0, the red part o dle pluse opesdd Cr stbsfies He He megiahl
Ui > Cr > U3 o unshlie waves. In 4 conrovous atnesplore this wedd
Tply He exisiene of 4 fevel vhoo U=Cr. Theoreticiaue el Hhw 4he
el level 5 gynopticans |, the level . For lony woaves avol weak

basic Shete wind sheer Cg < s andd ss Heve 78 1o 3499»7# level ad nnshall

Growdh connot cear,

D,%eo,.\.mh% die onolbion S=p wrt k and S’Q-N-lg -—%L-o e Fimd

Nt dbe mmyaes valie of Dr for ohicl, unstble wareg v\7 exisd oaure then

P2 =N, Ths wavemnler comespawd do He wavenwslgr o8 maximum barocting
mstabtlidy, Uave-rumee of obamved dictorkanes shuid be close 4o Hhe woenmly
&R max etk (b= (307, mee £ Ut were groduatly mised From zero,
Hhe fov woad Prgd Secome umbdlle & Pr-}mbduus of Wis wavelengil, . Nele
et st A= —L , e waenumler of ™ax mskl.lay decreases Ciovelongtd
hereases ) ag 4(.9 skhc s hgarn he see e Sigbiliziy o
of veriieel ghrahBoctions on He Skt tiave end &£ e SP'”’”“

Thette taaves Ghich do become unstalle (uith Saales such Hot k= {aX') mitwd

Grow and M He process remove 9'-9@ Bon, e nean thermel wimed , Lowe b 4
decreasty Or ard Mﬂiﬁg e Flow —> e see barsclinie mekabtliby hog <

self _I_:_Eifé techantsw,
Undgr novwal conchirons

N~ axio s m

\ vt _ 9
8o e mogt unstable worlenpl, s 2 g (%) =2

Rr=lE0 = 2E G m
% = k = [2_3,0')00-6
L= (2my (2% x 107 niy™
lx ~ 3736 En

So the Lavelesst, of max TnMﬂ& ~4ot0kn
With Blo755 e win thermal wind = given by

OT Z_% - ;O-u ':;i_,r‘ N _2': ‘/g/\/’Hth&,a 4”'[,
(3 4 b

Shears 1n he vedrec| oR Land Speed are (‘ovnmovy greater Hoon His Hhreshold
Thoefae de olserved belavior of mir-lak. system T covCicked witl,

lomg wave et of He spectrus (mmleuu. CcutoRP
& devivahon
e prar
RéesaY " praan
4

Laroclinie Tvs-k)arl}/ mechaniom
N\
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% Kelvin's theorem

OCP5253 (Geophysical Fluid Dynamics): Ahlquist (60 minutes) **

e Kelvin’s theorem says that circulation around a curve C is conserved following fluid

motion if the fluid is barotropic on C and if friction vanishes on C 4G - o

a) Derive Kelvin’s theorem from the vector equation of motion. — £

\/ b) Prove that circulation around a vortex tube is independent of where the curve C
circles the vortex tube. <— tke diedone + Siket feoews /
v’ ¢) Prove that vortex tubes move with the fluid when Kelvin’s theorem applies.

d) Explain how the conservation of potential vorticity is really Kelvin’s theorem for a

specially chosen contour.
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OCP5253 (Geophysical fluid dynamics): Ahlquist (45 minutes) *
¢ The circulation theorem for frictionless flow in an inertial reference frame is

d 1
Ecr'fVa-dl = —Q‘BVp-dI 0

where the closed loop I for the line integral moves with the fluid.
(a) Show that the circulation theorem can also be written as

d \%
EJ'LS«" -nd4 = IL—p:zj-ndA (2y

where A4 is any area whose boundary is I' and where ¢, is the absolute vorticity vector.
(Do not prove Gauss’ theorem (the divergence theorem), but you do need to write it.)

(b) We shall apply the circulation theorem to the atmosphere. Let 8 = p™* ”’( Xer R)

represent potential temperature, and assume that the flow conserves potential
temperature. If loop I' and area 4 lie in a potential temperature surface, solve for p as a
function of p and 6 and show that

HA——Vpszp-ndA=0

(c) If 4 is just dd, then [[¢, nd4=¢, ndd, so with the results from (a) and (b),

d/dt(t, -nd4) = 0. Consider two nearby @ surfaces separated by distance 8I. Using the
fact that the mass in the cylinder defined by I and &/ is conserved, show that

ndA oclVG, SO i(ﬂ) =0
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OCP5253 (Rossby wave reflection): Ahlquist (60 minutes) **
¢ Consider the Rossby wave dispersion relation

)i’

P

KR+ +F

where k and / are the x and y wavenumbers (27 /wavelength) and where S and F are

constants.

\/ (a) Let B and F be fixed. Derive and plot the curve in the (%, /) plane which describes the
set of Rossby waves which all have the same frequency, o
(b) Align Cartesian coordinates so that the x-axis points eastward and the y-axis points
northward. Suppose a coastline runs in a straight line, making an angle « with the x-axis,
and an ocean occupies the region to the east of the coastline. Consider the problem of
oceanic Rossby waves reflecting from the coastline. Write the streamfunction as

'/’(x y’t)= W (x,p,0)+ya(x,p,1)

where |

‘//I(x y,t) A e k,x+1,y a,l)

‘/’R(x y,0) = 4, o/ Vkax+lry-ost)
The subscripts I and R refer to the 1n01dent and reflected parts of the wave field. Take the
boundary condition at the wall to be no flow into or out of the wall. If 4, & & and : are
given, find 4, k;, I, and o, . Show all details.
Hint: Use your answer to part (a) as you carefully apply the boundary conditions.
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MET?(Numerical Weather Prediction): Ahlquist (1 hour, 1997) *
e The barotropic vorticity equation is rondeged 243 =5

G
5 = _V-V(§+f) —_— %’TF =§i(u‘-)“—§gc"5)*PV U=—24

w ’
where relative vorticity is § = V?y and the velocity is given by V =k x Vy . /
(a) Suppose this equation applies to flow in a channel of width Z, and of length L, that
goes around the Earth. Solid, frictionless walls circle the Earthat y=0and y = L,.

What is the boundary conditionon y at x=0 and x = L ?
What is the boundary conditionon y at y=0and y=L,?

(b) Notation: Let u},, v}, G, and B, represent the two velocity components, relative

vorticity, and planetary vorticity gradient (8f /8y ) at the (j, k)-th grid point at time
step £. Write the barotropic vorticity equation in finite difference form using centered

differences in time and space with Ax = Ay. Then rearrange this equation so that &';'
AN, J

is alone on the left side and all the other terms are on the right. V

(c) For your answer to (b), what is the largest value of At that will not cause a numerical
instability?

(d) Once we have §, at the next time step from (b), we must solve Viy-£=0 to get

V , - Write this equation in centered finite difference form assuming Ax = Ay .
(e) Relaxation is one way to solve the finite difference equation in (d). Let wS.Z) denote

the v—th iteration for y , and let

Fie = VZWS'Z) —Ci

Denote the residual, i.e., the error, where the right hand side represents the formula
you found for (d). With relaxation, we improve an iteration by setting

(v+1)
Wi

where the correction cf.,:') is chosen so that r, =0 if w&,‘:“) is used in the residual

=y§ +c)

formula while y at all other points is held at values from the v—th iteration.

Solve for cf.,:).

\/ (f) Weather forecasts based on the barotropic vorticity equation contain long waves that

B

do not travel at the right speed. In a barotropic model, do long waves travel too fast or
too slow eastward or westward? How did early forecasters modify the vorticity
equation to lessen this problem?

s ok ok bollgn 9 v OHor veler — GBuon - Krshé wder/
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# “The ongular momewtum budget
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MET?(General circulation): Ahlquist (60 minutes) *

7
e Compare and contrast the time-averaged maintenance of zonal angular mgfzxg:entmn in
the atmosphere as viewed from: (i) a zonally-averaged perspective; and (ii) a local
perspective, especially in the region of the entrance and exit to the climatological jet
stream. A good answer would mention the work of such researchers as Starr, Palmen,
Namias and Clapp, Blackmon, and N.-C. Lau. A response from a prospective Ph.D.
student could mention directions for current research in this field.

See Hobloné Secttow 10.9
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MET? : Ahlquist (15 minutes)

¢ Question

(a) Describe the “Perfect Prog” method and the method of “Model Output Statistics” in
sufficient detail to show the difference between the two.

(b) What are the relative advantages and disadvantages (if any) for the two methods?

(c) Describe how one of these two methods has been used to predict probability of
precipitation (POP).
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* Bg]d Blow From_a Foucet

\/ MET? (Fundamental dynamics): Ahlquist (60 minutes) **
e When water flows from a faucet, the radius, », of the stream of water decreases as the
distance, z, from the faucet increases.
a) List as many physical mechanisms as you can that might affect the radius of the
, stream of water from a faucet.
; jf' b) In your opinion, what is the most important reason why r decreases as z increases?
Use that physical principle to derive a formula for r as a function of z and any other
relevant parameters.
¢) Describe how to do an experiment using your kitchen sink and common household
Q items which would test the theory you derived in the previous step.
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