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IPhO Lithuania M1-1
2021 Theoretical Question 1 - Marking Scheme ENGLISH

Planetary Physics (10 points)

General note: if student got the correct answer and the solution is physically and mathematically
correct, all the points should be given.

Part A. Mid-ocean ridge (5.0 points)

A.1(0.8 pt.) Equating the two column pressures, pgh = poiilgh’ 0.2
Subtracting the two opposing forces due to different fluids, 0.1
F,=F —F,
2 ) 72
Finding the two forces, Fy = W and F; = w 0.3
if only one out of two formulae is correct 0.2
. . _(p pogh®w
Final expression, Fy = (fTO” — 1) B 0.2
A.2 (0.6 pt.)
Understanding that all three dimensions change according to 0.1
Direct the same law
, 3
calculation New volume, V = V; (1 —k; ;11__;0) orV =V (1 -3k TTll__TTO) 0.1
. 5-T\ ™
New density, p(T) = p; (1 — ki T;_TO) or 0.1

p(T) ~ pr (14 3k 7F)

Applying binomial/Taylor expansion at any stage of the solution 0.1

Final answer p (T) = p; (1 + 3le), k = 3k 0.2
Using pro- pocl3 0.2
portionality j ror\3 .
relations 17 o (1 —ki Tll—To) ~ (1 + 3k Tll_TO) 02

Final answer p (T) = p; (1 + 3kl%), k =3k 0.2
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A.3 (1.1 pt.) Equating the two column pressures, 0.2
p(0,h+D)—p(0,0) =p (co,h+ D) — p(c0,0)
Column pressure at x = 0, p1g (h + D) 0.1
Column pressure far away, 0.2
h+D
p (00, h+D) = p(00,0)=pogh+ [,"" p(T(c0,2))gdz
Concluding that far away C(% = const. 0.2
if this is used but not explicitly stated — full marks
Obtaining T (z) = Ty + (T, — To) &2 0.2
2
Final answer, D = — (1 - @) h 0.2
k P1
A4 (1.6 pt.) Writing the force as a difference between force at the centre of 0.5
the ridge and that at infinity
marks allotted as long as subtraction of forces or pressures
at correct x values is written
Correct pressure integration range [zy, z2], where z; < 0 and 0.2
2o >h+D
Pressure at the ridge axis, p (0,z) = p (0,0) + p1gz 0.1
Pressure at infinity 0.4
formula in the ocean, p (00, 0) + pogz 0.1
formula in the crust, 0.3
T —(T =T, 2=k
p (00,0) + pogh + [7_, p1 (1 + k%) gdz’
. 2gLh*
Final answer, F ~ %—k (p1— po) (1 - /’;—‘1)) 0.4
A.5 (0.9 pt.) Stated variables on which the answer is going to depend: p;, ¢, 0.2
kK, D
Correct dimensions of ¢, L’T 207! 0.1
Correct dimensions of k, MLT3©! 0.2
partial credit for writing down a correct law that can be 0.1
used to find this, e.g. % = Kﬂ—z, where P is the power
conducted and S is the area of the surface across which the
power is transferred
Obtaining the simultaneous equations 0.2
Final answer 7 ~ cpiD® orr= AM 0.2

K K
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Part B. Seismic waves in a stratified medium (5.0 points)
B.1(1.5 pt.)
Method 1 Using the law of refraction in a stratified medium, 0.5
n(0)sinfy =n(z)sinf
Definition of the refractive index, n (z) « ﬁ 0.1
Identifying that at 0 = 7,z = R— Rsin 6, 0.3
. . _ oz
Finding R = % 0.3
Final answer, x; (6y) = 2z, cot 6, 0.3
x1 (6g) = —2z¢ cot Oy is also correct if the alternative
definition of 6, was used
Method 2 Using the law of refraction in a stratified medium, 0.5
n(0)sinfy = n(z)sinf
Definition of the refractive index, n (z) « ﬁ 0.1
Obtaining the relation between dz and d@, ‘;—j sin 6, = cos 6 dO 0.3
Showing that ray path is an arc of a circle of radius sileoeo 0.3
alternatively, obtaining the differential equation for % 0.3
Final answer, x1 (6y) = 2zq cot Oy 0.3
x1 (0g) = —2z¢ cot O is also correct if the alternative
definition of 6, was used
B.2 (1.5 pt.) Realizing that % is the energy emitted per unit angle 0.4
The idea to track an infinitesimal fraction of rays and relating 0.3
an infinitesimal initial ray angle to the infinitesimal change in
their destination, d6, = O%‘)dx
Applying the result of B.1 to obtain &%} =-b(A+x?) 0.3
Final answer, ¢ (x) = nb(AE2+x2) = ﬂ(42§+x2) 0.1
Plotting ¢ (x) 0.4
maximum is at x = 0 and is of order ﬁ ~ f—o 0.1
e(x) > 0asx > o0 0.1
% =0atx=0 0.1
no stationary pointsat x # 0 0.1
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B.3 (2.0 pt.) The zone overlap condition, N = ;1_(—_9;2 1.0
considering the change in the zone width, 0.4
X1 (90 - %) — X1 (9() + %)
Writing x_ — x4 in terms of g—& 0.4
Differentiating the result of B.1 0.2
xmax = le (90) 0.3
Final answer, xXnax = Abcos’ (by) _ 2z cos” by 0.1

86, 60,




