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. (20%) Explain the following physwal terminologies (% T ﬁ?—ﬁz PR ERATHY TRISNEY E)Zhhhﬁi*} *[!ﬁsg.ﬁﬁ

ABE G ERLSR) : (4%/each)

(a) flexure isostasy

(b) D” discontinuity

(c) Q (quality factor)

(d) Curie temperature & blocking temperature

(¢) Prandtl number (the ratio of kinematic viscosity to thermal diffusivity)

(8%) The observed Earth’s gravitational and magnetic field at any given position, V(r,8,¢) (r: radius; 6: colatitude=90°-latitude;
- longitude) can be expressed in terms of the expansion of spherical harmonics, i.e.,

V(r,0,¢) = Li2o L= fi(r) C"P[*(cos §) e=m9, .
where P"(cos@)e~"™¢ is proportional to spherical harmonics at degree I (I = 0,..., ) and order m (m = -1,...,+I),C" is
the corresponding expausion coefficient, and f;(r) is a function of radius r atdegree I. When m = 0, there is no longitudinal
variation and P/"(cos@) = P?(cos@d) as shown in Figure 1 for [ = 0,1,2, 3, 4, 5.

(a) Which coefficient C;" best represents the geomagnetic field observed on the earth’s surface? Give your reasoning. (4%)

(b) Except for the constant gravitational potential for a spherical earth, which coefficient C" is the second largest one describing
the variation of the gravitational potential observed on the earth’s surface? Which coefficient C]™ is zero? Give your reasoning.
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Figure 1

(16%) Consider the plane wave propagating along the x3 direction in a uniform Poisson solid. The displacement of P-wave is written
as uz = Asin(wt — kX;), parallel to the propagation 2;-direction, while that of S-wave is written as u, = B sin( wt — kZ3},
parallel to the %, -direction (Note: @ and k are angular frequency and wavenumber, respectively, and 4 and B are the amplitudes for
P and S waves).
(2) The displacement of P and S wave motion can be then expressed as
u= _V\__? +I_\7__>~<__"-i_’, ¢=V-u=0,¥Y=Vxuyu,
P—wave  S—wave

where  u = u;%; +uz&s, P is ascalar potential, and ¥ vector potential. Prove that both @ and W satisfy the wave equation

82 w? 8? _ ?  w? @ _
(a?i"k—zaxsz)‘b-“ and (7% P ¥ =0 (8%)

(b) Based on the relation of the strain and rotation tensor, show the P-wave motion involves deformation of non-zero volume change
without undergoing rotation, while S-wave motion undergoes rotation but no volume change. (8%)
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4, (14%) I"lgure 2(a) and (b) show the earth’s gravity and density structure as a function of radius or depth, respectively. )

(a) Explain why the gravity is nearly a constant down to 2900 km depth and decreases almost lmearly as the depth increases to the
center of the earth. Why such the constant gravity in 0-2900 km depth is lmportant for mantle convection modeling? (6%)

(b} Explain why the density jumps at the four depths marked by the vertical dashed lines and what causes such the sudden increase

of density? (8%)
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k.. (30%) Figure 3 shows a schemanc diagram of tectonic plates (lithospheres) and three kmds of pIate bounda.nes labelled by (1), (2) ‘
~ and (3).

(a) What are these three plate boundaries? What types of faultilig along these three plate boundaries? Draw the focal sphei'es (fecal
meehanisms) of earthquakes that occurred along these three plate boundaries. (9%)

(b) What are the two parameters used to quantitatively describe the relative plate motion between two rigid plates? Explain why the
observed relative velocity of plate motion along the boundary (1) changes from place to place, but the relative velocity of plate
motion along the boundary (2) is the same everywhere? (6%) '

(c) What are the free-air and Bouguer gravity anomaly usually observed along the boundary (3)? How about the gemd anomaly

l observed around the boundary (3)? You have to give the explanations why they look like what you said. (9%) -

(d) The surface heat flow, seafloor depth, and thickness of oceanic lithosphere are found to depend on its age, Explain what the1r
relations are and what governing mechanism mainly causes such the relations? (6%) '

Continental plate © Oceanic plate

| Figure 3
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(12%) Fundamental-mode surface wave dispersion provides useful information to constrain the thickness.and shear wave velocity

structure of oceanic and continental lithosphere. Figure 4 shows fundamental-mode surface-wave phase and group velocity as a
function of period in a 1-D reference Earth model.

‘(a) Can you tell whmh one of Figure 4(a) and (b) is for Rayleigh wave and Love wave? Think what dlﬁ’ercnces are between- -
Raylel gh wave and Love wave and give your reasoning. (3%)
(b) Why is the group velocity slower the phase velocity? Agam think what differences are between phase and group velocu‘y and
give your reasoning. (3%) , '
: (c) The two curves shown in Figure 5 represent the phase velocity of ﬁmdamental-mode Rayleigh waves observed in oceanic and -
~* continental regions. Can you tell which one of the curves (1) or (2) is for oceanic and continental regions based on your
- knowledge of the continental and oceanic ‘lithosphere? Can you roughly estimate the thickness of the 11thosphere from these two
dispersion curves based on your knowledge of the depth of the peak sensitivity of ﬁmdamental-mode Rayletgh wave to shear

‘wave velocity? (6%)
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