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In the Copernican system the apparent retrograde motion of planels
has a simple explanation; it is a matter cof relative speeds. Iere the
sighting lines show why a superior plaret, onc farther from the sun
than the earth is, seems to reverse ifs direction. It is traveling around
the sun more slowly than the earth is.

Cohen OFBIZLATOED Th Do

Each planet has a different period of revolution, the period being
greater the farther the planet is from the sun. Thus retrograde
motion is easily explained. Comsider Mars ..., which moves
more slowly around the sun than the earth. Seven positions of
the earth and Mars are shown at a time when the earth is
passing Mars and when Mars is In opposition (that is, when a
line from the sun to Mars passes through the earth). It will be
seen that a line drawn from the earth to Mars at each of these
successive positions will move first forward, then backward, and
then forward again. Thus Copernicus not only could explain
“naturally” how retrograde motion oceurs, bui also could show
why it is that retrogradation is observed in Mars only at opposi-
tion, corresponding to the planet’s crossing the meridian at mid-
night. In opposition, the planet i= on the opposite side of the earth
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from the sun. This is why it will reach its highest position in
the heavens at midnight, or will cross the meridian at midnight.12

Cohen {I, a~<A=7 A0MOELTVAELEOLIITE LB TS5,

What were the advantages and disadvantages of the Copernican
svstem as compared to the Ptolemaic system? In the frst place,
one decided advantage of the Copernican system was the relative
ease in explaining retrograde motion of planets and showing why
their positions relative to the sun determined the retrograde
motions. A second advantage of the Copernican system was that
it afforded a basis for determining the distances of the planets
from the sun and from the earth.l®
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It is sometimes said that the Copernican system was a great
simplification, but this is based upon a misunderstanding. If the
Copernican system 18 considered in the rudimentary form of a
single circle for each planet around the sun, then this assumption
is valid., But such a system of pure and simple circles can only be a
crude approximation, as Copernicus knew well. We have seen that
in order fo obtzin a more accurate representation of the planetary
motions, he had recourse to a combinmation of circle moving on
circle, somewhat reminiscent of Ptolemy’s epicyclic constructions,
though for a different purpose.

Let us next explore the reasons for not accepting the Copernican
system. A major one was the absence of any annual parallax of the
fixed stars. The phenomenon of parallax is the shift in view that
occurs when the same object is seen from two different positicns.
This is the principle upon which range-finders for artillery and
for photographic cameras are built, Consider the motion of the

‘earth in the Copernican system. If the stars are examined at

intervals six months apart, this is equivalent to making obser-
vations from the ends of a base line almost 200 million miles long
. .., because the radius of the earth's orbit around the sun is 93
million miles. Since Copernicus and the astronomers of his day
could not determine any parallax of the fixed stars by such semi-
annual observations, it had to be assumed that the stars are enor-
mously far off, if indeed the earth does move around the sun.'s
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Ist Law:
the orbit of each planet is in the shape of an ellipse with the

sun located at one focus?®
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2nd Law:
in any equal time intervals, a line from the planet 1o the sun
will sweep out equal areas’? {(FH& Zp)s

Perthelion

Kepler's law of equal areas. Since a planet moves through the

arcs ﬁ, 613 and EF in equal times (because the areas SAB, SCD,
and SEF aré equal), it travels fastest at perihelion, when nearest
the sun, and slowest at aphelion, when farthest from the sumn.
The shape of this ellipse is that of a comet’s orbit. FPlanetary
ellipses are more nearly circular.

3rd Law:
squares of times of revolution of any two planets around the
sun . . . are proportional to the cubes of their mean distances
from the sun'¢

IR, ROoRATHEDY,
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T K

{T'=periodic time (year)
D=mean distance from the sun (astronomical units))
ET, HROBBLCIBAPLATEERLOM, TG — O AEGR O
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Kepler's supposition, however tempting, does not lead directly to
an explanation of why planets move in ellipses and sweep out
equal areas in equal times. Nor does if tell us why the particular
distance-period relation he found actually holds. Nor does it seem
in any way related to such problems as the downward fall of
bodies—according to the Galilean law of fall—on a stationary or on
a moving earth, since the average rock or piece of wood is not
magnetic, And yet we shall see that Newton, who eventually
answered all these questions, based his discoveries on the laws
found by Kepler and Galileo.?
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+ « - to the. historian the greatest achievement of Newtonian science
must ever be the first full explanation of the universe on mechan-
ical principles—one set of axioms and a law of universal gravita-
tion that apply to all matter evervwhere: on earth as in the
heavens.2

Isaac Newton's system of mechanics came to symbolize the ra-
tional order of the world, functioning under the *rule of nature.”
Not only could Newtonian science account for present and past
phenomena; the principles could be applied to the prediction of
future events?2?
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Transformational Rules:3 -

. Dative Movemen« {Optional)
- Equi NF Deletion (Equi} (Obligatory)
. Raising to Object (Obligatory)
. Raising to Subject (Cbligatory)
For Deletion (Ob.igatory)
. Passive (Opticnal)
. Agent Deletion (Optional)
. Reflexivization {Obligatory)
. Extraposition (Optional)
. It Deletion (Obligatory)
. Number Agreement (Obligatory)
. There Insertion (Opticnal)
. Tag Formation !Opticnai) (LG)
. Negative Placernent (Oblizatory)
. Contraction {(Optianal)
- Subject-Auxiliary Inversion {Ubligatory) (LC)
. WH Fronting (QOohgatzty)
. Affix Hopping (Cbligatory)
. Do Suppert {Obligatory)

(2 oOEBRAPW T2 ABN TV BIBEE, FRE 2 2O WHEHA]
OEIGEERICELUTESESTS83 2 s, )

Akmajian & Heny R D~ T3S, BEEEEGCE, DRSS
ERLIRCESICT D, FHMOBERIMBEREN TV 5, 245 0O
DARFERTE L O Ross (TX - THES MR L3 RETTH 55,

Complex Noun Phrase Constraint. No element may he extracted from
a sentence domirated by a noun phrase with a lexical head nourn.

NP

A /
(lexical noun) /J
A
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*(upwhol do vou belisve [ypthe claim [ypthat Bill saw 1
Coordinate Structure Constraint. No conjunct in a coordinate
structure may be moved, nor may any element in a conjunct be

maved.

#[yptehat] was John eating [yplypbeansl and 1
Left Branch Condition. No noun phrase on the leff branch of
another noun phrase may be extracted from that noun phrase.

NP

¥ wpwhose] did you ke [xp [wbock]]

Sentential Subject Constraint. No element mav be extracted from

the sentential subject of a sentence.

NP/S\VP
|
A

*(wewhat] [welsthat John will eat __ 1] is likely

Ross DIAA Tk, Perlmutter @ Surface Structure Constraint 258 5, =
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DY, GB EIE TR EFehEZo T 2 TRALTE

Any sentence other than an Imperative in which there is an 35 that
does not contain a subject in surface structure is ungrammatical.®?

T OEEE, Ko a) kD) OO CEEORVERATI OO THS
B, BMoEvEET s L, MbiAATOEFER, HiCERO that b DR
IR Y B 3, that BRAVECERD IMEDS L0522 THD,

{a) who do you think [saw Bill]

il

) *who do you think that saw Bill®

s OEYEEERO TS AOBENE, B ERAMNTELZ L Th D
ﬁﬁ%d,&@IﬁﬁeMwmmﬁ@%Ct#bhéijgEm(%ﬁﬁ

W) & SC GREEL) EHEANETMTLTELIOTH L.

Tative Movement Transformation (Optional)®®

to

SD: vV — NP~{ }—NP
for

1 2 3 4

SC:o1+4 2 # ¢

X 60z, FHEAIEHAORIZEACE L TIHF-SU 2 by, SR

BER Lz o Th D,
Chomsky X, —® k5 iCEMxs RAKREE nTEEERTRFOEE
inE

:%LLI‘LI

WELMETELV LS o T H, TAl Fo—F] Of v Zta—
H ¢ Chomsky OB ESIAT 2,

AlJ—— 7 OAO I EOHAN L BRT, X5 AERNIZE, E0d
FeVicdh o720 T,

Fa ARF———ZNEO20DHEERCT, BFLHLETELE
A-oOEEER VM n FATET L, LrL, HARERIEES
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WE LTS, i DIERICRRLE L, ARG ANE, 4880
fifed, AMREDESELTEBEOHREEIOPCHLTTLE, &
EARAMERALEY L EBFIAL T, L LEEEA IR TR S
Lo, HAMERZ+H8EIT 2 L, REAREOTREAEESE  h
DIBEC, ¥5LTENLOI LD 1 2DERE RSB O 50
B LT LES AT,

4. GB mHzpu

22T, Chomsky 2SR LED TV 308, 0kE Vv {0 mBEm
REE (principles) %7 A —# (parameters) MHEE2 BB L5 GB My

(ZNIXHFER (government) :#E (binding) AWREARGEE LAY OT
WA - AUHEED (government-binding theory) X8R, BELT GB sy
LWETLS), BBV, Principles and Parameters Theory (&HBDIE,
Principles and Parameters Approach) XBEFP 53 TH S,

GB HEGTHE, R, £TRO L0 LS Lzr a2,

(i) lexicon
{ii} syntax
(a) categorial component
(b) transformational component
(iii) PF-component
{iv) LF-component

R, TR, RO LS BFEEOTFAREE oY,

(1) bounding theory
{ii) government theory
(iii) @-theary

(iv) binding theory
{(v) Case theory

(vi) control theory -
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BT, BOTHETES S, A L FEHROB* F+ 24,
FERASE (lexicon) i3, 43 (lexical item) OIFIEN) « SHEAEER
BRI T 55,
FEEEEMY (categorial component) i, AIEEEHAITHRO L 5 igRs 5
9 .

NP INFL VP

RN

V NP

CORIBEMEOBAT X B (Xbar theory) (273 L&A TV 5, X
MHE RO IICHBESHh

Let us begin with some questions concerning X-bar theory. Assume
a distinction between lexical and nonlexical categories, where the
lexical categories are based on the features [+ N, = V], yielding
the categories Noun ([+N, —V1), Verb ([—N, +V1}, Adjective
([+N. +V1). and Preposition-Postposition ([—N, —V]). The
nonlexical categories include complementizer and INFL, the latter
including Tense and Agreement elements and Modals, Assume
that other categories are projections of these zero-level categories
in terms of the following schemata (order parametrized; the
choices here are for English, the convention I shall adopt through-
out), where X* stands for zero or more occurrences of some
maximal projection and X=X0;

(1}
a. X' =XX"*



224 EE
b Xr=X"* X’

I refer to X7 in (la) as the complement of X (or X and to X
in (1) as the specifier of X (or X', or X7); if X7 is an NP,
then in (1a) it is the object of X and in (Ib) the subject of X8

Ermt sk, OXSigizde

/\
X - o X’ (head)
(specifier)
X X.f) .
{head) { complement)

“order parametrized” *§ T2 DI, TIniversal Grammar (Zik,
head & complement OAFRMA MR T 597 A —F BBV, FEHTIL,
head AVRIZRB I 55 A —F RETE LI LTHSL, BigAi
0 #3513, head 75 complement D%IZHS L Hin7 A —F EFET S,

o 4R & RIS ERF I & - T Dt (D-Structure) 23RS, ZODH
SR EEM  (transformational component) @ Move-a &\ 5 HEN X
LT S#EE (S-Structure) KX bR B, GB HFHTHE, ZOBMANIZO
Move-w i3 Ch o, OB, Wrnd LBV IEFRT~FEH LT
LI e EITHES, bhBA, MOFEECRERMIC L - THE
FeEhde

SCERR A OB R AR L, FEICEN R R RRT 5 0RO EEN E
27 AH—OHEERICI S, BMFTEREORERT « A ¥ —EHEC
FEAT %o
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(i) AW (bounding theory)
BRERBERO XY i&kfe Bict.

This [=bounding theory] i3 concerned with the limitations to be
placed on the displacement of constituents by the transformational
rule schema move @ . . . , and its chief principle is subjacency .. . .

Subjacency may best be thought of as a criterial property of mave o

TF#EDLM (subjacecny condition) Xif, [ o BEhl, 200 EOER
Hi8 (vounding node) #EUZ THEFEBH L Aoy 2w 524
T, B EEREALTILROLVIIERTES,

EOMAEPEBREAERTIICOVTRATA—ZERY, 2O A0 F
DBzl > THRES, P2l FEETE NP & S AEREATHD
W, A FVTETE, NP & &8 BEREETHIY, -7, HEFEH
TAFEHL, WREEEHL Y (ERT, NP L S BERESRLE5LY
AA yFEVA, A5 TEEBRTS TR, A7 7EEEGL T
T, NP & 8 MWERESELADZXILCRL v FEVCILEZDTH S,
(ii) R (government theory)

ARSI, “government theory, which defines the relation between
the head of a construction and those categories dependent upon it™®

LRBE DA, BEMIE, ok olcEmsh s,

a governs 2 iff:
(a) & c-commands 8, and
b) aisan X% ie, a & (N, V, P, A, INFL), and
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{e) every maximal projection dominating 8 dominates .5

LOERFO o 13, HRTF (governor) LIEITHD, HMBTIAhDE
®ELTH, EHOBEEES 3LV AGR 0Ehic, 8 k-5t xo
NP, VP, gIEFS MRS (o) A EXHB, () ok, o
SRR that SR to i LIS T ahiy, 2

T 50T, WS ZERIBFTE (Empty Category Principle) &V 5
HAH D, EHIEREER RO L S iR L s,

[2¢] must be properly governedss
WIEFESE (properly govern) X, kD kS CEHEShB,

@ BB EHRELTWT, 20 e BN, V, A, Ficid, 8 LFE—gE
MEo NP Thol, ol 8 EMERETZ L5, HELoB-
i%, AGR, P S5 XONICER for /L X058, FREITANEERSER LA
VRS HTH DY,

{(iil) AFERH (0-theory)
8 gk, “assignment and functioning of thematic roles™5 &g 5 5,
FHLJEROL S ICHM SRS,

AT EEE L RO T B ORI E Rie T, ok 2y
John rolled the ball to the dorner % V~>530¢0 the ball, the corner,
John i, 37 roll ikt LTEHZNBEIOTEE (theme), J3E A,
BfFEEV S RBEE B TS, ZOX57 FHMr &% 0 4
(thematic role, #-role) L5, 0 FEDE 2 Ko+t G4 0
E TR A

FRFE L EE R L 1E (jﬁlﬁ@ﬁﬁ—ﬁﬂ RAFLE) i ¢ BEiAds
TR biv. ZhicH LT, ETAVERSTED it 2 there #
Jea> there 7p i & BBz, 0 REAREESRLZNES 8
AL (f-position), fHEEHHVLEL § (v —% « A=) M E (B
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position) kv 556

FESL, e 0 BB 11 oREE o BEERRMEELT
VB, FALE, 8 B (O-criterfion) FPETHATFHEDOHFEETH D,

(30) 1 OmIEIE 6 BEELT1 20, £k, 100 0 &E
EET 1 orZgomict g,

D 8 HEET, AKREREROENETH D, BROBEHEFEHICL -
T, D, SHETLErIAkTARbAVLOEEREY,

e 0 KWOREE LT, DEOBHE P B ~0OBE Tl
el Ly dEEREEsEhs, b, »HEMN, DEEO 0
FIEP BN 8 ffBE~EhERD L, FOWEI2-0 0 HHEES
LIt o T LEY, 8 BMENEK LELINLTH LS,

() iy (binding theory)
WG, “Binding theory, which links grammatical elements such
as pronouns, anaphors, names, and variables with their antecedents"® &

TSI, BRI, kO3 o0KERLKD.

{A) An anaphor is bound in its governing category
(B) A pronominal is free in its governing category
() An R-expression is free®®

governing category [ TEEFHMERENE S, LTOEFIKROBY TH
%

a

o is the governig category for § if and only if & is the minimal
category containing 8 and a governor of 8, where a=NP or 38
{v) f8¥Es (Case theory)
FEEEFNL, “assignment of abstract Case and its morphological reali-

zation"® %45 #5, Case WAL FEDC THE-TV B LI, FRMLE
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IR

El S BOMNGEF@WOL L Thahd

(i)
(ii)

(iii)
(iv)
(v)

WRED AT, 5L Adjacency Condition Z5FhfidAm b &

NP is nominative if governed by AGR

NP is objective if governed by V with the subcategorization
feature: NP (i.e. transitive)

NP is oblique if governed by P

NP is genitive in [y X]

NP is inherently Case-marked as determined by properties
of its [—N] governorss

v

T A8,

In English, Case is further restricted to be assigned under adie-
cency, for in general, nothing may intervene hetween a Case

assigner and its assignee.®

Sells #%R LTV 5 A E O SR ERIZR DR ) Th 55,

NP INLL
*

\
~

[T‘J‘fs ] Vo -r-\|1“\
AGR /\

Nemnabive Accuzative Pe—— P

{ Obligue }

Accusative

&5z, 187 4 A& (Case Filter) 25 4 ORFEETF 5,

*NP if NP has phonetic content and has no Casge®”

(vi) #IfPE3% (control theory)
WIHHEERS &\~ D D, “control theory, which determines the potential
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for reference of the abstract pronominal element PRO™# LBl E 5,
mzE, koS, (G)TE, PRO (X Bill L. Tk, PRO it
John #¥57

(a) John persuaded Bill {PRO to feed himself]
{ John promised Bill [PRO to feed himself]s

S FETHEA LB M bk L 5 s FE (Projection Principle)
LIEEN S FES D,

Representations at each syntactic level {(i.e, LF, and D- and S-
structure) are projected from the lexicon, in that they observe the
subcategorization properties of lexical items.”™

ZOFEHFEE 0 HREPLICLTESDE, RDIIATVELTE
LRTH5B.

SEEREE O ¢ fRRAE BT M, DR SHEE GREma
DT RTHLrRATHEBEA TV RTRE R S v

Ll R~ BB, FHE, 7onfF—3 FhFhEla—ndhalLTH
Y, TRERLOETV 2 —AOHEERCE > TERSh, £, HREh
A0 THDH. GB HRBIRT 2TV 2 — VOMEER Mg 2R o—{F)
BEWRT,
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Phrase Struclurej-
Rules

D-Strmcture

__________________

-
Vﬂ‘ Bounding Theoary
L(Subj.xcency)

5-Structure .

LF-Movement
Control Theory
Reconstruction

Delenen
Filters
FPhonology,

Phonetic Form (PF) ] Logical Form (LF) b-a-{ ECP ‘:

b3
[TEoLREECMMEIC vl IFEHERESEE
HOCPRFIE], No. 31 (1983), pp. 109-30, B0t [Ei¥ L EANE—HEE
SR A B A BRSO R, TS RRERGI OS], No.44/45
(1088), pp. 278325 THLI{RLTHZOT, ThHeEOFESERLTCAEER

Vg
2 B EERHETSITNL T,
(New York: W.W. Norton & Company, c1985), #f R
FOPBRBOED LiEE——]  (BUR : FIEE, Ay, WIEEES,

(HLRT : mEEIE, c1984) D3RR ITHEIC L.

I. Bernard Cohen, The Birth of a New Physics, p. 27. EDREBOEFIC>0Th

) Cohen OEHHBIE VY
4 B EB—EL,  PEERGECEEED . pp. 66-67.
5 Ibid, p. 67.
6 Ibid., pp. G7-68.

1 ~omicELTE.

1. Bernard Cohen, The Bwrth of a New Physics
—ils, (R
(F=dor =

3
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Ivid., p. 71
Ibid., p. 72.

9 Ibid, pp. 82-83.

10 Ibid., p. 86.

11 L. Bernard Cohen, The Birth of a New Physics, p, 37.

12 Ibid, pp. 35-38.

13 Ibid., p. 45.

14 R EE—IR  [EEREREED , pp 93-94.

15 1. Bernard Cohen, The Birth of 2 New FPhysics, p. 45.

16 Ibid., p. 137.

17 Ibid., p. 138.

18 Ihid., p. 139,

18 Ihd., p. 140.

20 1bid., p. 140,

21 WIS, REEOEE), po 7

22 1. Bernard Cohen, The Birth of a New FPhysics, p. 142

23 W RS TEEuEfSeel . p.o 109

24 Ibid, p. 214,

25 H#EES, [FEEo¥E) , pp 7577,

26 1. Bernard Cohen. The Birth of a New Physics, p. 182.

27 Ibid, pp. 182-83.

2B D TR, FORCF T T kv ARREOE &S
Mt —-2i#EdT D,

29 Cf. Frederick ]J. Newmeyer, “Has There Been a ‘Chomskyan Revolution’ in
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30 W1 ThEEYok L, AMOUGEO BT - FiERICE LT, HfE  SOEOGH
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