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Fig. 14. Examples of propagation paths of direct and reflected waves in the Earth's mantle. Solid and
dashed rays are used to distinguish between P and S waves, respectively. Waves are generated by the
surface focus, F, of the earthquake which radiates both P and S waves. Different shadings show the
mantle, outer core and inner core. For notation sce the text,

Fig. 15. Examples of propagation paths of depth phases and their notation. Waves begin at the deep focus,
F, of the earthquake. Conventions as for Fig. 14.

Fig. 16. Examples of propagation paths of direct P waves, P waves diffracted around the core-mantle
boundary and P waves reflected downwards at a discontinuity at 650 km depth. The discontinuity and the
shadow zone (103-144") are shaded. Conventions as for Fig. 14.




Fig. 17. Examples of propagation paths of P waves travelin !

r pro g through the Earth's core. The shadow :
between 103° and 144° is shaded and B denotes the caustic point. Rays are numbered in the zﬁicimtéc;
increasing steepness of the initial descent. For delails see the text. Conventions as for Fig. 14.

Fig. 18. Propagation paths of P waves wraversing the Earth's interior from the focus F and reflecting at the
outside (PKiKP) or inside (PKIIKP) of the inner core, PKIKP is a P wave refracted into the outer core
and through the inner core. Conventions as for Fig. 14.

Cuter Core

Figure 4.12. Some of the possible ray
paths for seismic waves penetruling the
earth. In the mantle and core, the
velocities increase with depth, so the ray
paths bend away from the normal. The
decrease in velocity at the mantle-core
boundary causes those rays refracted o
the core to bend towards the normal.
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Figure 5.15. Paths of seismic rays through the Earth, illustrating their nomenclature.

Figure by courtesy of B.L.N. Kennett.
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Figure 5.3 Multiple surface reflections (a) and seismogram (b) recorded at a

in Tonga
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seismographic station at Oahu, Hawaii. These waves followed a deep-focus earthquake

near the South Pacific island of Tonga in October 1974. [From Thomas H. Jordan,

“The Deep Structure of the Continents.” Copyright © 1978 by Scientific American,
Inc. All rights reserved. |
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Parametro del raggio

- Assumiamo la Terra consista in gusci sferici concentrici
e che ogni guscio abbia una velocita' costante.
Consideriamo una parte del raggio sismico (vedi Figura)
che attraversa tre di questi strati. Applicando la legge di
Snell all'interfaccia A:

sin i1 /V1 = sin f1 /Vz
mentre la stessa operazione all'interfacca B da":
sin ip /V2 =sin f, /V3

Dai triangoli rettangoli OQP1 ed OQP, possiamo
esprimere il lato comune q con:

q=0P; sinf; =r; sinf;

q=0P; sini; =13 sini;
Dalle due uguaglianze risulta:

I sin f1 = I sin iz




Moltiplicando le uguaglianze derivate dalla legge di
Snell alla interfaccia A per r; ed all'interfacia B per r; e
utilizzando il risultato ottenuto si trova:

1‘1811‘111 /V1 =I' Sil‘lf1 /V2=r2 Sinig/Vz =12 Sinfz /V3

Ad ogni interfaccia risulta pertanto costante
l'espressione

p=rsini /v

che chiameremo parametro del raggio. Il parametro del
raggio risulta pertanto una quantita' costante lungo il
raggio.

Nel punto di massima penetrazione (punto di volta)
I'angolo i risulta essere ©t/2. Il parametro  sara' pertanto:

P =Imin /V

con rmin la distanza dal centro della Terra a cui il raggio
volta verso l'alto e v e'la velocita' in quel punto.
Ovviamente il valore di p risulta diverso per ogni raggio.







Consideriamo ora due raggi adiacenti SP ed SQ. 11
raggio piu' breve SP arriva ad una distanza angolare A,

mentre il raggio SQ arriva alla distanza A+dA . Indichiamo

con T il tempo di tragitto per il raggio SP e con T+dT
quello per il raggio SQ.

Nel minuscolo triangolo rettangolo PNQ I'angolo io
sara' dato da:

sin ip = NQ/PQ

Assumendo hce la velocita' delle onde sismiche vicino
alla superficie sia vo il lato NQ €' dato da

NQ=vodT
mentre il lato PQ e' dato da
PQ=1r,dA
Sostituendo le due espressioni in quella per sin i si trova:
sinig= vodT / ro dA

Otteniamo quindi

p = rosinip /vo =dT/ dA

Il parametro del raggio risulta pertanto uguale alla
pendenza della curva tempo di tragitto in funzione della
distanza epicentrale angolare. E' quindi per una data fase
(P, S ecc.) una funzione della distanza angolare epicentrale
osservata.
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94 4. Earth structure and earthquake location
Depth h=
A
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76 76 76 76 75 74 74
51| 9 056 9 00-7 8 540 8 474 8 409 8 347 8 29-0
6
5219132 719082 75l g ors 7| 8 549 751 8 48.3 T 8421 T 8§ 364 o
050 B 5T o s e 8557 T S e T8y 7
74/ 73 73 73 72 72 71
559 354 9 304 9 236 9 169 9 102 9 03-8 8 580
6 72 6 72 8 7 g 72 - 7 o B g W
56 942.6 22| 9 37°6 72| 9 308 nf 9 24T ol 9173 [ f 9 109 " 9°§l‘ 69
5719498 19448 "9 379 g0 2 3T 50] 9 2404 ) 9 179 [ |9 120 O
58 956-3 s osr-g 70| O 449 6ol 9381 19 314 6| O 249 g0l 9 18-3 %
59 |10 o3- 9 58 9 518 9 451 9 383 9 318 9 25
69 69 69 68 68 68 67
6o 10 10-7 68 I0 o5-7 68 9 587 68 9 51-9 68 9 451 67 9 386 67 9 325 66
6r 10 17:5 ol1o 125 67]1° 95'5 .| 9 587 671 9 518 ol 9453 19301
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Table 4.1: 1

permission from Jellreys & Bullen (1970).

Yart. of the Jellreys-Bullen travel fime tables. Reprinted with
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Shell

R— N

Quter core

A,

r|R

1:00
0:99
0:98
0-97
0-96
0:95
0-94
093
0-92
0-91
0:90
0:88
0-86
0-84
0-82
080
0-78
0-76
0-74
072
0:70
0-68
0:66
0-64
0:62
0:60
0:58
0-56
0:55

x
(kin.[sec.)
7-16
7-94
8-13
8-33
8-54
875
8-97
9-50
991
10-26
10-55
10-99
11-29
11-50
11:67
11-85
12-03
12-20
12:37
12-54
1271
12-87
13-02
13-16
13-32
13-46
13:60
13-64
13-64

B

“

(km./sec.) r/R

4-353
4-444
4539
4-638
4741
4850
4-962
5:227
5463
5-670
5-850
6-125
6-295
6395
6-483
6564
6-637
6-706
6770
6:833
6893
6933
7-012
7:074
7137
7-199
7.258
7-314
7.304

0-548
0-537
0-526
0-516
0-504
0493
0-482
0-471
0-460
0:449
0-438
0-427
0-416
0-406
0-395
0-384
0-373
0-362
0-351
0-340
0:329
0-318
0:307
0:296
0:285
0-274
0-263
0-252
0-241
0-230
0-219
0-208
0-197

(R, = 0-548R = 3473 km.)

r/R,
1-00
0-98
0-96
0-94
0-92
0:90
0-88
0-86
0-84
0-82
0-80
0-78
0-76
0-74
0-72
0:70
0-68
0-66
0:64
0-62
0-60
0-58
0:56
0-54
0-52
0-50
048
0-46
0-44
0-42
0-40
0-38
0-36

]
(km.[sec.) r[R;

8-10
818
8-26
835
8-44
.8:53
8-63
874
8-83
8-93
9-03
9-11
9-20
9-28
9-37
9-44
9:52
9-58
9-65
9-72
9-78
9-84
990
9-97
10-03
10-10
10-17
10-23
10-30
10-37
10-44
9-92
940

L]

Inner core
-4
(kem.[sec.)
1-0 11-16
0-9 11-19
0-8 11-21
0-7 11:23
0-6 11:256
0-5 11-27
0-4 11-28
0:3 11-29
0-2 11:30
0-0 11-31
(R, = 0:36R,
=0-197R
= 1250 km.)

Table 4.2: Velocity as a function of depth in the Earth. 12, and Ro are the
radii of outer and inner cores respectively. From JerFrEYS (1976)
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Figure 4.13. Jeffreys—Bullen (J-B) travel-
ime curves for earthquake focus at the
surface, with some modifications. Such
surves are usually accurate to a few
seconds. Epicentral distance is the angle
subtended by the earthquake epicentre
and seismometer at the centre of the
carth. (After Bullen and Bolt 1985.)

Figure 4.14. Examples of long-period
earthquake records. Z is the vertical
component and N (north) and E (east)
the two horizontal components. Time
marks (dots) are every minute. The
recordings are made in ink on a rotating
drum - hence the other traces above and
below the earthquake. (a) Offshore
Nicaragua, focal depth 70 km, surface
wave magnitude 5.7, recorded in New
York. Note the clear dispersion of the
Rayleigh waves. (b) Northern Chile, focal
depth 129 km, surface wave magnitude
6.5, recorded in New York. (From Simon
1981.)
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Figure 4.20: Determining the distance to the earthquake having measured
several arriving phases. Mark the arrival times on graph paper and lay it

parallel to the time axis in Figure 4.19. Slide the graph paper along the
distance axis until the marks line up.
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Figure 4.18: S, and S are two seismic stations. The epicentre lies on a small
circle centred on a station with radius the angular distance between them. If
distances can be obtained from arrivals at two stations there are two possible
locations of the events, Iy and Iy, the intersection points of the two circles. A
third station can be used to determine which of the two points is the true
epicentre.
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