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ABSTRACT

A set of ordered rules accounting for a wide variety
of Sanskrit sandhl phencmena are presented and defended,
It is demonstrnted that these phenomena, whlch have tradi-
tionally been considered as quite separate and unrelated
procesaes, are 1n fact intimately connected,

Chapter 1 contains a brief formal account of the
linguistic principles underlylng the analyses 1n the fol-
lowing chapters,

In Chapter 2 the rules of vowel sgndhl are examined,
It is shown that these rules must apply cyclically.

In Chapter 3 the traditional rules for the retroflexion
of s and n and for assimilation of retroflexion are re-
stated 1in terms of distinctive features.

Chapter 4 deals with the relationship of the retro-

flexion rules to other morphophonemic processes--to internal

sandhi rules for roots in 8 g, and kg and to general spi-

rant sandhi rules, Another set of cyclical rules is dis-
covered, and the traditional treatment of these rules is
examined and criticized.

Chapter 5 1s concerned with the features of aspira-
tion and volcing. Grassman's Law and Bartholomae's Law are
formulated as synchronic 1ules of Sanskrit, and evidence

for considering voliceless aspirates as clusters 1s adduced.
In Chapter 6 the relationship of sandhi rules for r
and s to the rules in the preceding chapters is examined.

Thesis Supervisor: Morris Halle
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CHAPTER 1

Introduction

l.1. Purpose and Seope

In this work we present a set of rules for the
description o. certaln aspects of Sanskrit phonology.
It is our alm to demonstrate that if rules are formu-

lated in terms of phonological features, rather than

in terms of phonemes or similar units, and if the set
of rules 1s considered as having an order imposed upon
it, then significant economles of description can be
achieved and apparently unrelated phenomena can often
be accounted for by a single very general rule.

We shall show that a number of Sanskrit sandhi
rules--particularly those dealing with vowel-vowel
sandhl, retroflexion, voicing, and aspiration--are, in
fact, intimately connected. 1In the course of this demon-
stration we shall have occasilon to comment on various

formal features of phonolcgical representatlons and rules,

1.2 Sources

There is no lack of Sanskrit data. On the con-
trary, there 1s an 1mmense amount of venerable material,
both lingulstic and metalinguistic-~-the Vedas, the
epics, fables, drama, legal and philosophical treatises,
treatises on phonetics and grammar, commentaries on
these, and commentaries on the commentaries, This body
of literature was composed over a period of not less

than 3500 years, during which time the language changed
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conslderably and many regional dlalects developed. One
form of S.nskrit, fixed (more or less) by the great gram-
marians as a learned language, continues in use today.
However, true native ..eakers of Classical Sanskrit do
not exist, and have not existed for over two millenia, 74e
fanyvage descriped Here is the Classical Seaskr £ of the Grear Jrammarians,
The purpose of thls work is not the elucilda-
tlon, interpretation, or analysis of the texts. Nor is
it a commentary on Pégini, or even a reinterpretation
of Paginl in terms of generative phonology. Sanskrit
textual analysis has a long history, as does the dis-
cussion of grammar (chiefly morphology and phonology)
in the Papinean framework, However, the principal results
of such lnvéstigations are available in numerous hand-
books, and we shall have little to add@ to them. Rather
we shall take the handbook rules as our starting point,
Our examples are either drawn from the handbooks (hence,
ultimately from the texts) or else created according to
well-known rules, The sources of these examples wlill not
be indicated, although doubtful forms and particularly
rare phenomena wlll be marked as such.,
Our principal sources are Whitney 1960 and
Emeneau 1958 (for statements of the traditional rules)
and Whitney 1885 and Monier-Williams 1899 (for 1lists
of forms), Whitney's rules, like those of Renou 1961,
are notable for thelr exhaustiveness; nearly every type

of exception is noted, and most are exemplified.
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Emeneau's rules have the opposite virtue: they are con-

cise and quotable, 1In matters of phonetic detall we

are indebted to Allen 1961.

1.3. Linguistic Framework

The general linguistic framework for our approach
to Sanskrit phonology 1s the Jakobsonlan system of distinc-
tive features as 1ncorporated into Chomsky's system of
generative grammar by Halle and Chomsky.1 In this frame-
work a grammar consists of three components--a syntactic
component that generates a set of deep structures for
the sentences of a language and converts these deep
structures into an (infinite) set of surface structures,
a semantlic component that operates upon the deep struc-
tures to yleld semantic interpretatlons, and a phono-
logical component that operates upon the surface struc-
tures to yleld phonological interpretations (transcrip-

tions in a universal phonetic alphabet).

1.3.1. The Input to the Phcnological Component

We assume that the surface structure of a sen-
tence can be represented as a labeled bracketing of

a string of elements called formatives. Some formatives

have associated with them sets of function-values, or

markings.
Some markings are at least partially syntactic

1 The discussion of generative phonology in Chomsky

1964 includes a bibliography of this development.
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or morphemic in character; the animateness of nouns
and the conjugation class of verbs are examples. Let

us call these the unit markings of a formative, The

set of unit markings of a formative has 1ts source in
sets of markings assoclated with lexical items Lnserted
into deep structures. We leave open the possibility
that in the mapping of deep structures into surface
structures unit markings may be added, changed, or
referred to.

The remaining markings of a formative--the seg-

mental markings--are the specifically phonological ones.

Some formatives are divided into one or more segments,
each segment being a (possibly nu112) set of segmental
markings. Segmental markings, like unit markings,
derlve from markings assoclated wlth lexlical items;
segmental markings, however, are not affected by the
operation of transformational rules, or referred to by
such rules,

So that we can conveniently refer to unit mark-
ings in phonological rules, we make the convention that
if y is a unit marking of the formative x, then every
segment in X has y as a member, Thus, if a root has the

marking 3declension (i.e., "third declension") every

segment 1n the root also has this marking.

It is certainly possible that there are languages 1n
which all the features of a segment are predictable
in certain positions, although (to our knowledge)
no such example has been pointed out in the

literature,
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A. function of which a marking is a value is a

feature; a (glassificatory) distinctlve feature is a
functilon having as 1ts value a segmental marking of a
formative. Classificatory distinctive features are
binary; that 1is, they are functions onto a two-element
set. The other features argzgecessarily binary.

We have left open the possiblliities that some
formatives have no markings and that some formatives
have only unit markings. Such grammatical elements as

tense or case morphemes may be of one or the other of

these types in some languages. The word boundary # 1s

often assumed to be a formatlive with no markings; however,
we shall present some arguments for considering word
boundaries to be sets of segmental markings.i#&bnaﬁbes
T ne sven a5 Tnpws to theph

g given as inpu o e phonological
component will include labeled brackets specifying the
higher constituent structure of the formatives. Some
phonological rules wlll refer to these labeled brackets,
However, many rules will not, so that it is convenient
to be able to refer to parts of a string without having
to 1ndicate which particular brackets might occur within

the string, To this end the morpheme boundary + 1s used

as a general separator of formatives; 1t stands for
any sequence (including the null sequence) of brackets
between two formatives, Thus, for many purposes we can

consider each input to be a string consisting of +'s,
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formatives wlithout segmental markings, and segments. ¥
samehmes separates formatfives Mot are 20l Conshrvendy,

1.3,2., The Classificatory Distinctive Features

Followlng Jakobson, Fant, and Halle 1931, the
set of classificatory distinctive features in any par-
ticular language 1s assumed to be a subset of a small
universal set of features. The features to which we
shall refer in this work are the following:

1, Consonantality, abbreviated cons. Liquids
and true consonants are +cons; glides and vowels are
-cons.

2. Vocalicity, abbreviated voc. Liquids and
vowels are +voc; glides and true consonants are -voc,

3. Obstruence, abbreviated obst. Non-nasal
true consonants are +obst; all other segments are -obst.

4, Continuance, abbreviated cont., Segments
with oral closure (stops, nasals, the Sanskrit liquids)
are -cont; all others (spirants, vowels, glides) are

5. Gravity, abbreviated grv, Velar and labial
consonants and back vowels are +grv; dental and palatal
consonants and front vowels are -grv.

6. Compactness, abbreviated comp., Back (velar
and palatal) consonants and low vowels are +comp; front

(dental and labial) consonants and mid and high vowels

are -comp.

T D G T B A T T e S e e e e e e -
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7. Diffuseness, abbreviated diff. High vowels
and noncompact consonants are +diff; mid and low
vowels and compact consonants are -diff.

8. Nasality, abbreviated nes.

9, Volcing, abbreviated vecd.

10, Tenseness, abbreviated tns. Segments with
notable muscular tenseness \aspirated stops, some
so-called "long" vowels, and some spirants) are +tns;
all other segments are -tns.

11, Flatness, abbreviated fl. Segments wilth
secondary constrictions at the periphery ol the oral
cavity (labilalized, pharyngealized, retroflected seg-
ments) are +f1; all other segments are -fl,

12, Stridency, abbreviated str, Segments with
high turbulence (affricates, s as opposed tc @, etc.)

are +str; all other segmeuts are -str,

1.3.3. Phonemes and Segments

In general a segment is not marked for every
distinctive feature; phonological rules operate to
£f111 in (and change) markings. From the set of all
segments in lexical entries (or, equivalently, from the
set of all segments in strings given as 1input to the

phonological component) we can abstract a set of

segment-types galled systematic phonemeg (or, for short,

phonemes ):
If x occurs as a segment in a lexical

entry, and if no other segment in a



lexical entry includes x (in the
set-theoretic sense), then x is a

(systematic) phoneme,

Every segment can then be viewed as an instance of at
least one phoneme,

As a general requirement on the phonological
system of any language we require that each phoneme
be distinct from every other phoneme, in the following
sense:

The segment x 1s distinct from the seg-
ment y if there is a distinctive fea-
ture f such that +f 1s in x and -f 1is
in y or such that -f 1s in x and +f

is in y.

The notatlion for a segment with the markings
My, Mo, «e.y My is

Fm11

Mo

| ™0

It 1s often convenient, however, to refer to segments

by single symbols., For this purpose we use underlined
Tatin letters with various diacritics. It 1s to be
understood that these symbols are abbreviations for

sets of markings.
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1.3.4, The Operation of the Phonological Component

The phonological component consists of an ordered
set of rules, These rules map the input to the phono-
logical component into a narrow phonetlc transcription.
In the course of thls mapping the binary classifica-
tory features are replaced by many-valued phonetic fea-
tures. The nature of the particular Sanskrlt problems
dealt with in this work, however, is such that the dis-
tinctlon hetween the original binary features and the
resultant many-valued features is not important. More-
over, there is considerable (and not very well under-
stood) dialectal and historical variation in the pho-
netic details of Sanskrit, so that it would be point-
less to attempt to carry the mapping beyond a certain
stage.

The rules may be grouped into three sets:

,(a) redundancy and morpheme structure rules, which fill

in a marking for every feature in every segment, either
on the basis of markings already in a segment or on the
basis of markings in adjoining segments; (b) morphopho-
nemic rules, which change markings in segments, insert
segments, delete segments, and combine segments, some-
times using the information in unit markings of labeled

bracketing; (c) late phonetic rules, which produce nar-

row phonetic transcriptions. Our interest in this work
is almost entirely with the rules of set (b), although

we shall have a few comments to make about the rules of

set (a).



1,3.4.1, The Form of the Rules

l.3.4,1.1., General Conventions

A typical rule 1s of the form

sl—.-psz/el___ea,

read "sj; 1s rewritten as s, in the environment after
e] and before eo." A rule may lack a left environment
or a right environment, or both; a rule that lacks

both 1s written as

The s in a rule is a segment. The s, 1s elther
(a) a formative without segmental markings or (b) a
segment,. In case (a) the rule prescribes that the for-
mative s; be given the phonological shape sp; in case
(v) the rule prescribes an addition to or modification
of the markings in sj. We shall be concerned primarily
with rules of type (b). The e; and e, in a rule are
strings consisting of segments, boundaries, labeled
brackets, and formatlives without segmental markings.,

A type (b) rule

81—-—)82/e1 eo

is said to be applicable to a segment s3 occurring in
S
a stringAif the following conditions are satisfied:
1. 83 is not distiuet from sy, in the

sense of 1,3.,3 above.
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2. Immediately to the left of s3 there 1s
a substring e3 of S which 18 subsumed
by ej, 1n the followlng sense:

a, If x is a boundary, a labeled
bracket, or a formative without
segmental markings, then 1t 1is
subsumed by x, by +x, and by
X+,

b, If x is a segment and y 1s a
segment not distinct from x,
then x is subsumed by y, +y
and y+,

c. If xq is subsumed by y; and xp
1s subsumed by yp, then X1Xo
is subsumed by yj;¥o.

3. Immediately to the right of s3 there
is a substring ey of S which is sub-
sumed by es.

When the rule 1s applied to s3, the markings

in sp, replace the corresponding markings in s3; that
is, 1f s, contaiuns a marking m for some feature f,

then m replaces whatever marking f has in 33. When a
rule 1s applled to a string S, it is applied (simultane-
ously) to every segment In S to which the rule is
appllicable and ylelds a resultant string S'., We 1indi-
cate that Rule X when applied to S ylelds S' by writing
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S—'-*S' .
X

1.3.4,1,2, Abbreviatory Notations

In addition to the general’conventions on the
form and interpretation of rules, there are a number

of conventions about abbreviations that we shall use

throughout this work.

First, curly brackets are used to indicate a
-cons

logical disJjunction. For example, [§+voc }] is used to

specify that a segment be marked eilther -cons or +voc--
that is, that the segment be a non-vowel. And the envi-

N \
1 S 4
[v — {gng' /

is an abbreviation of the four environments

/S + [-voé]

.

s/ # ___ [-voc)
s Ly st
/s Ly ®r

There 1s no particular difficulty of inter-

pretation when curly brackets occur within segments.3

3 It is possible to imagine situations in which different
sets of curly brackets within different segments
in a rule might be required to be "expanded" in
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p When curly brackets are used in other situations, how-
ever, they must be assumed to be a device for abbreviat-

ing a set of ordered rules into a single "rule." In

order to apply such a "rule, we must first expand the

"rule" into 1ts component rules and then apply each of

BT R f e E e S M T e T T L e S W e e

these 1n turn. In the general case the principles of

L

expansion are rather complex. Our use of curly brackets

is sufficliently restricted that a correct expansion of

BRI SRR L

any given "rule" will usually follow from the applica-

Egur

tion of the principles (a) expand outer brackets first,
Y1
y2

and (b) x{ . } z e«pands into

R AR L M A

In

XypZ -

In the ambiguous cases--when one palr of brackets

a particular order. A hypothetical example

is cited in McCawley 1965, p. 39. For us, how-
ever, curly brackets within segments are merely
a device for referring to the complement of a

-cons}]
class of segments; +voce is used to refer
to the complement of the class of all segments

+cons]
not distinct from -voe o
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neilther includes nor 15 included in another pair--it is
usually immaterial, for our purposes, which of the pos-
sible expansions 1s chosen, When we find 1t necessary
to specify a particular order in these cases, we will

number the brackets; brackets with the same number

x u
are expanded together (so that %ny} év} expands 1nto
xu
v )

y » and a palr of brackets numbered n 1s expanded before

x u
a palr of brackets numbered n+l (so that {y} 5ﬁ+1v§
n

Xu

Xv % xggu}

expands into yu , and y v c¢xpands into
yv n+l n

xu

yu

Xxv /.

yv

Second, parentheses are used to indicate
optional parts of enviromments. A "rule" with paren-
theses in 1ts environments must be expanded into a set
of ordered rules., It is sufficient for our purposes
to require that the rules be ordered by decreasing
length of enviromment, so that the environmment

/(x(y) = |
expands into .

/S Xy ___ =

/ x z

/  —
Parentheses may be numbered in the same way as curly

brackets.
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Third, numerical subscripts and superscripts are
L used to indlcate a sequence of segments all of the same

type. A subscript specifies a lower bound on the num-

ber of segments, a superscript an upper bound. If no

4 subscript is used, the lower bound is 1, If a subscript,

but no superscript, is used, the upper bound is (in

: principle) infinite. Thus, (+ cons]o indicates a
3 -cons
sequence of zero or more segments marked +cons, L +voc

2

indicates either one or two vowels,[ .]g indicates
a sequence of from two to four segments of any kind.
The use of subscripts and superscripts is equivalent
to the nse of parentheses, and a "rule" containing sub-
scripts or superscr.pts in enviromments must be expanded
into an ordered set of rules.4 For example, the environ-
ment

/ ____[—cons]% [}obsﬁ]
expands into

/ __ [-cons] [-cons] {-consl [+obst]

/ —_ f~cons] [-cons] [+obst]

/ __ [-cons] [+obst]

/ ___ [robst)

4 If the upper bound on the number of occurrences of some
segment in the environment of a "rule" 1s infinite,

: the "rule" then abbreviates an infinite number of
; rules, In this case the use of a subscript is no
: longer a simple notation for abbreviating a set of
rules, However, the applicability of the "rule"
; to any given string is still decidable by the prin-
Fi ciples discussed above,




e iy R e

s

B e

16.

From thils point on we shall cease distinguishing
between rules (in the original sense of 1.3.4.1.1) and
"rules" that are, presumably, abbreviations for ordered
sets of rules, The reference of 'rule! in the follow-
ing sectlons should be clear from the context.

Fourth, Greek letters are used as variables
over + and - to indicate the agreement (or Nonagreement)
of markings within a segment or in different segments
and also to l1ndicate assimilatlion and dissimilation of

segments wilth respect to certaln features. Examples

ucons]

of the use of Greek variables: (a)l-=voc indicates
[+cons] -cons]

a segment that 1s elther -voc or +voe J--i,e., a

vowel or a true consonant; (b) Nvoc_l —a [+vcd3 /
____Exconé] is a rule specifying :ﬁggsliquids are
volced before liquids and true consonants and that true
consonants are voiced before vowels and glides; (c)
[ +obst] —» [e=vedl / __ [xved] 1s a rule speci-
fying that obstruents are voiced before volced segments,
and voiceless before volceless segments; (d)

:233] — [-xgrv] 7 [*cons] [tzgﬁp is a rule

—_ o

specifying that a back vowel is fronted, and that a
front vowel 1s backed, when a mlid or high vowel follows
it, either immedliately or with a consonant cluster inter-
vening. In cases like (a), (b), and (c¢) the use of
Greek letters is eliminable in favor of an expanded set

of rules. In cases like (d), however, there is no gen-
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eral procedure for expanding the rule into an ordered
set of rules that will have the same effect as the
original rule, so that the use of Greek letters is not
entirely a notational convention.

Fifth, some rules will insert, delete, combine,
or rearrange segments. The interpretation of such rules
does not follow immediately from the principles in
1.3.4,1.1, The insertion of the segment s in the envi-

ronment after ey and before e, is indicated by

g—>s/e ___ e,

«.Jd the deletlion of s in the same environment by

S ——>p ﬂ/el__eg.

The symbol @ then stands for a special null segment,
The conventlions and definitlons in the previous section
could be adjusted to take account of the null segment.
However, the use of @ can be combined with the use of

Greek letters--in, for example, the rule

+obst +cons

-cont +nas +obst
#—>} o comp occomp +cont s

P 8TV Berv

¥yl yri

which inserts, between a nasal consonant and a follow-
ing spirant, a stop homorganlic with the nasal--in such
a way that Ehe re/u'/actﬁe/ré of A rvie wilk Greex JeHbrs éy

2 Set of rules withost Mem eay be achered ony ot Ae cost
of great L’lmf/ear///.
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Combination and rearrangement are two
processes that cannot, in general, be described by
rules of the ordinary sort. Simple rearrangement (meta-

thesis) 1s described by rules like
voc }{ -voc +cons
-ccn;J[-cons] > 21y [+nas ] ’

whlch specifies the metathesis of a vowel and a glide
before a nasal consonant. This technique of number-
ing segments can be carried over to the description
of combinatcry processes, in which several s-gments

each contribute markings to the resultant segment;

voc’} +cons 1
-cons +nas +nas

specifles the combination of a vowel and following

for example,

nasal consonant into the nasalized vowel correspond-

ing to the original vowel, and

+voc

-cons 1 i}
o grV 1 (1) —> +tns
A comp

rrl
1

specifies the coalescence of two or three vowels with
the same gravity, compactness, and flatness into a

single tense vowel.
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1.3.4.2, The Ordering of the Rules

Let us assume as a first approximation that the
set of rules 1s linearly ordered--in other words, that
consecutive positive integers are assigned to the rules
and that the operation of the phonological component
proceeds as follows:

1., Begin with an input string as the

current string and with Rule 1 as

the current rule,

2, Test the current string S for the
applicability of the current rule,
Rule n;

a, If the rule is not applicable,
Rule n+l (if there is one) the
current rule.

b, If the rule is applicable, and
if

S—>8' ,
n

then make S' the current string
and Rule n+l (if there is one)
the current rule. Note that
Rule n may have applied vacu-

ously, i.e., that S and S' may

he identical.
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3. If there is no Rule n+l, the current
string is an output string; other-
wise, go back to step 2.

We shall argue in later sectlons for a somewhat
more complicated ordering, in which a subset of the full
set of rules 1s distinguished as a cycle, Suppose that
Rule 1 1s the first rule of the cycle, that Rule J 1is
the last rule, and that S is a string to which Rule 1
is to apply. Then the operation of the cyclical rules

proceeds as follows:

1., S is the current string.

2., Underline the largest subparts of the
current string which contailn no labeled
brackets., Rule 1 is the current rule.

3. Apply the rules in the cycle, as above,
but only to the underlined portions
of the current string. The resultant
of an underlined portion 1s also under-
lined.

4, If the current rule is j+1, then

a, If the current string contains
no labeled brackets, the opera-
tion of the cycle is completed.

b, Otherwise, erase each pair of

brackets surrounding an under-

|

!

i

l*
i
|
3



b R BT SR

21,

lined portion of the current
string, and go back to Step 2,
In the operation of the cycle, then, the same set of
rules 1s applied agaln and again to larger and larger
constituents,
It is possible to make rules applicable only
during certaln passes through the cycle. A cyclical
rule can be restricted to applicatlion tn words by the

additlion of the environment

/— L 3, #

to the rule, or to application on the last pass through
the cycle by the addition of the environment

S — [ 2,8

where $ 1s a sentence boundary.
In addition to the cycle, there 1is a set of
pre-cyclic rules and (possibly) a set of post-cyclic

rules., However, a presumably post-cyclic rule can be
included within the cycle by adding to it the "last
pass" environment above, Or, better, the entire set

of post-cyclic rules can be included within the cycle
by surrounding the set by curly brackets and adding the
"last pass" enviromment only once for the entire set.

There seems to be no substantive issue involved in the
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cholce between post-cyclic rules and added environments,
We have chosen the first of the alternatives.

More general questions about the nature of the
ordering of rules and about the justification of par-

ticular orderings will be discussed in later sections.

| 1.4, Organization

In Section 1.3. we presented formal characteri-

zatlons of some important phonological concepts and

discussed, in less detail, the notations we will use in
later sections, It is not our purpose to justify the
linguistic theory underlying this work, or even to Justify
our particular version of that theory. Rather we are
concerned with the application of the theory to a set of
problems,

Our procedure will be to discuss one problem,
provide a tentative solution to that problem, adduce
¢vidence (or counter-evidence) for the solution, and
consider related problems. In the course of this pro-
cedure any rule previously set up is liable to be
changed, as are the set of Sanskrit phonemes (in the
sense of Section 1.3.3.) and the content of lexical
entries,

Five problem areas will be discussed--vowel
sandhi (Chapter 2), retroflexion (Chapter 3), roots in

s, s, and k§v(Chapter 4), aspiration and voicing (Chap-
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ter 5), and the sandhi of s and r (Chapter 6). The

rules are grouped into six sets, each set having a

mnemonic tag:
VIS: visarga
VOW: vowels

RET: retroflexion

PAL: palatels

SP: spirants

AV: aspiration and voilcing

RS: rand g

Within a set the rules are numbered in the order of
their presentation. The order in which rules are to
be applied is indicated in the text. A statement of

the ordering relations of the final set of rules is

given in an appendix.

1.5. Transcription

The segments to which we shall have reference

are listed below with their markings.



+cons
~-voc
A S —
- +comp ~comp
~diff +3iff
/'-—M__,,_-—\ P -~
—
+grv -grv ~-grv -gTV +grv
-f1 ~fl +f1 -fl -1l
k e ; t R ~tns A )
= -ved
2 2 & B +tns
— - y -nas +obst
-4 J d a b ~tns -cont
= - +ved
g Fid f i o +ins J
a_ n n o m -tns +ved +nas -obst
X _§'!_ s s T +tns -ved -nas +obst +cont

‘42
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+cons
+voe
-obst
-nas
+ved
-tns
+comp -comp
-diffr +diff
-grv +grv
+f1 -1
+cont -cont
r 1
-cons
-voce
-obst
-nas
+cont
P —
f:gns -tns
+comp ~-comp
-dirf +diff
+grv .
-f1 -grv +grv
J— e N — -1 +f1
+ved -ved +ved +ved
h b ¥ w
-cons
+voc
~obst
+cont
+ved
A =
o~ +grv
-grv -f1 1
-1 +comp -comp
-comp ' .
+diff -dirr -diff +diff -diff
/\A -~ ~ M
-tns +tns +tns -tns +tns -tns +tns +tns
1 i e o

a a u a
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Also: 1. Nasalized (+nas) forms of all vowels;e,g,,_'é.'_.

2. Diphthongs &w and &y.

3. The boundary #, having at least the segmental
markings +obst and -cont, and distinguished
from all other segments by having the unit
marking +BND where other segments have -BND,
The boundary + has no markings. The boundary
$ may be considered to have segmental mark-
ings, although such markings would play no
part in our rules,

k, A distinction between segments occurring in
a verbal root, indicated by the unit mark-
ing +ROOT, and other segments. Our use of
ROOT in rules could be replaced by reference
to additional segments and brackets or
boundaries,

The markings in the charts above are the mark-
ings in segments when the first morphophonemic rule
applies. However, not all the segments in the charts
above will actually occur at this point in the opera-
tion of the phonologicalcnquunt It 1s well known that
all occurrences of x, f, E} and the nasallized vowels
are predictable, In later chapters we shall argue that

most occurrences of retroflex consonants and all occur-
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rences of e, o, and the tense vowels are also prédict-
able, and that the volceless aspirated stops should be
considered as being derived from clusters. Flnally, fi
and the palatal stops are undoubtedly predictable,
although we shall not treat these problems.

A number of the markings in the charts merit
some discussion, The followlng sections treat these

markings individually.

1.5.1. The Retroflex Consonants and r

The retroflex consonants and r are flat palatals,
not flat dentals (or alveolars). With respect to the
retroflex consonants, it 1s difficult to determine from
the statements of the Indlan phoneticlians and grammarians
exactly where the closure-point was located. The usual
term for the retroflex consonants 1s mﬁrdhanyas ‘on or
in the head, highest'; although the turning back of
the tip of the tongue is often remarked upon, the point
at which the tongue makes contact with the roof of the
mouth 1s not specified.

The traditional use of murdhanya suggests that
the closure point may have been the highest furt' of the

palate, Allen, commenting upon this interpretation as

v s s EAR D Y A A

5 Native grammatlical termlinology and the names of gram-
marians and grammatical treatises are cited in
a traditional system of transcription that differs
to some extent from the transcription we use in
citing forms.
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found in the Tribh&gyaratna, declares that "there is no
evidence that the word was ever used in this special
sense."6 On the other hand, neither is there any evi-
dence that the word was not used in this spe¢ial sense,
which 1s the interpretation placed upon mtrdhanya by
most Western commentators: Thus Whitney, in describ-
ing the Sanskrit palatals, says that "they [the pal-
atals] seem to have been,.. broﬁght forward in the mouth
from the guttural point, and made agalinst the hard pal-
ate at a point not far from the lingual [retroflei} one...,
but with the upper flat surface of the tongue instead
of 1its point."7

On general phonetlic grounds it 1s to be expected
that the closure-point would be closer to the top of
the hard palate than to the teeth, for as the closure-
point is moved back from the teeth to the top of the
hard palate, the distinctive quallty of retroflexion
becomes increasingly apparent (as a result of an increase
in the degree of the pharyngeal constriction that accom-

panies retroflexion) A retroflex stop made with closure

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzz PRV

6 Allen 1961, p. 53.

7 VWhitney 1960, p. 16.
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at the top of the hard palate 1s, in a sense, maximally
retroflected, whereas the acoustic difference between

a retroflex alveolar stop and an ordinary alveolar stop

is not very great. In fact, a palatal closure-point for
retroflex stops seems to be universa1.8 We shall there-
fore consider the Sanskrit retroflex stops to be phonetic-
ally palatal.

Determining the phonetic nature of r is a more
difficult problem, for the texts prescribe a wide variety
of articulations for r. Accordling to Varma, the
Pratisakhyas agree in prescribing a dental, gingival,
or alveolar articulation, while some of the é1k§§s (in
particular, the PapinIya éik§a) describe r as mﬁrdhany'a.9
Undoubtedly, each type of articulation was represented
in some dialect at some time,

When we consider the status of the retroflex con;
sonants and r with respect to morphophonemic alterna-
tions in Sanskrit, we find good evidence for viewing
these segments as retroflected palatals. In Chapter 3 we
show that both the retroflex consonants and the (ordinary)
palatals should be marked +comp, -grv. Then the inter-
changes of r and g described in Chapter 6 indicate that

r should also have these markings; for some dialects a

8
9

Heffner 1964, p. 128,
Varma 1929, pp. 6-9.
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late phonetic rule must be added to change the positilon
markings. -

We should add that since the closure-point
for the retroflex co&sonants probably was somewhat to
the front of the cloéure-point for the (ordinary) pal-
atals, the two sets of segments could be distingulshed
by their markings for an additional feature of position,
rather than by thelr markings for flatness, a feature

of secondary articulation. Such an approach would entail

only minor changes in our rules,

The only segments for which a stridency marking
might be relevant are the spirants and the palatal stops.
The nongrave splrants are undoubtedly strident.
About the grave spirants, however, there is some ques-
tion, Since they are sandhi-variants of s, they will
be marked as strident unless their stridency marking is
specifically adjusted., Allen suggests that at least
the lablal spirant is nonstrident, because the native

term for this segment is upathmanIya, "literally 'blow-

ing upon'--the consecrated description of the voice-

less bilabial fricative,"lo nonstrident ‘? as opposed

zzzzzzzzzzzzzzzzzzzzzzzzzzz

10 py1en 1961, p. 50.
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-~

to stricdent f; the native tevm for the velar spirant--
Jihvamillya, 'formed at the rcot of the tongue' (i.e.,
velar)--is less informative., At any rate, the question
18 not of great moment, since a decision one way or

the other involves only a very minor change in our
rules,

The palatal stops, althongh pronounced as affri-
cates by most Western students of Sanskrit, seem to
have been nonstrident.11 Whitney concurs in this view,
although he adds that

Such sounds, in all languages
pass easily into the (English)
ch- and J-sounds. The value

of ch as making the preceding
vowel "long by position'...

and 1ts frequent origination

from t + ¢... lead to the

susplcion—that it, at lenst,

may have had this characier

from the beginning.
If any one of these segments is phonetically strident
1t acquires this marking at a rather late stage in the
grammar. For morphophonemic purposes, we consider

the palatal stops to be nonstrident.

1.5.3. Tenseness

1 1p14., p. 52..

Whltney 1960, p. 16. Whitney's ¢ 1s the same as
our s, -

12
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(a) the aspirated stops, (b) the spirants, (c) the
glides h and h, and (d) the "long vowels' and the
"diphé@ngs" e and o,

Tenseness 1s the natural feature for distinguish-
ing asplirate stops from nonaspirate stops,13 end this
use of the feature requires no special comment.

Ceterlis paribus, strident segments are tenser

than nonstrident segments, and voiceless strident seg-
ments tenser than voiced strident segments. On this
basls we have chosen to mark the (voiceless strident)
splrants of Sanskrit as tense. It then follows that
the spirants and the aspirate stops form a "natural
clasg" specifiable as [Ig::t ; 1in Chapter 5 we shall
have occasion to refer to this class.

In the Jakobsonian theory of distinctive fea-
tures, tense 2 is opposed to the even onset or decay
of a vowel (our boundary #) or to the glottal catch.14
Following this general principle, and noting that 2
occurs as a predictable sandhi-variant of (tense) ]
(Chapter 6), we mark h as tense. In Chapter 5 we shall

identify the aspiration of voiceless aspirated stops

,,,,,, P

13 Jakobson, Fant, and Halle 1961, pp. 38-9.
% 1p14., p. 39.
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have been phonetically tense. However, its role in mor-
phophonemic processes (see the next section) indicates
that throughout the part of the grammar with which we
are concerned 1t should be marked as tense.

In the case of the "long" vowels &, I, G, as
opposed to &, 1, u, we could chocse either tenseness or
length as the distinguishing feature, The decision 1s
of no gr_.at importance for our purposes, because we
shall derive &, I, G from sequences of "short" vowels
at a fairly late stage in the grammar (Chapter 2).
Evidence that the "long" vowels differed in quality
from the cor-esponding "short" vowels could be con-
strued as evidence that tenseness rather than length
is the relevant distingulishing feature, although
there is no a priori reason why secondary differences
in quality should not result from primary differ-
ences 1ln quantity., Sanskrit a and é, at least, exhib-
ited a quality difference.15

We shall derive the "diphthongs" e and o from

the clusters al and au, so that the remarks in the

previous paragraph apply to these segments as well as

1111111111111111 ‘e s e

15 p11en 1961, pp. 57-8; Whitney 1960, p. 10. Allen
finds no evidence for a quallity difference in
the case of the diffuse vowels.
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the phonetic standpoint g/é_are represented at a still
comparatively early period by simple long vowels inter-

mediate in quality between aa and 1i/gg."16

1.5.4, The Glides

The glides p_/g, Yy, and w have the gravity, flat-
ness, compactness, and diffuseness markings of a, 1, and
u, respectively.

It seems clear that y was a phonetic glide.

The nature of w (usual transcription: !) 1s less clear:
"whilst its earlier pronunciation was doubtless as a
bilabial {w], it had by the time of our treatises
acquired, at least in some dilalects, the lablo-dental
articulation [y_’l which is typlcal of many modern
Indo-Aryan 1anguages."17 However, the parallel between
the alternations 1/y and u/w (Chapter 2) indicates that
until a very late stage in the grammar w 1s a glide.

That h was voiceless (IPA h) and h voiced
(IPA g_) is w;il established by the remarks of the

18

Indian phoneticians™ --in particular by their ldenti-

fication of p with the aspiration of voiceless aspirates

. o .

16 Allen 1961, p. 63. Allen cites some evidence on p. 64,

17 Ipid., p. S7.
18 Ibido: Pp. 33-90
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and of h with the aspiration of voiced aspirates. The
h, in a grammar of Sanskrit more complete than the set
of rules offered in this work, would in fact be derived
from gl, with which 1t alternates. Although h 1s marked
as a sonorant in our charts, this marking is purely
phonetic; from a morphophonemic point of view, h 1s

an obstruent,

1.5.5. The Syllabic Liquids

Our charts do not include markings for r, ?, and
1--the traditional "syllabic 1liquids," We treat t;ése
;égments as occurrences of r, rr, and 1, respectively,
which are syllabic by position ( that is, by virtue of
their occurrence in contexts in which they are more

sonorous than the adjacent segments).
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Chapter 2
Vowel Sandhil

2.1. Interngl and External Sandhi

It is customary in Sanskrit grammar to make
a distinction between external sandhi--processes operat-
ing between successive words 1n a sentence and between
successive elements of a compound word--and internsal
sandhi-~-processes operating between parts of an (uncom-

1 within a morpheme. We

pounded) word and possibly also
carry over this terminology, with the following formal
correlates of the internal/external distinction: (a)
morphemes within an (uncompounded) word are separated
by +; (b) successive elements of a compound are
separated by + # +; (¢) successive words are sepa-
rated by + # + # + (one # contributed by each word).
We shall ignore instances of + flanking a #. Then an
internal sandhl rule applies across +, if it 1is spe-

cifically intermorphemic (see footnote 1 below), or

across null, if it is both intermorphemic and intra-

1 See our definitlon of subsumed under in Section
1,3,4,1.1,, which Includes a general conven-
tion that a rule that applies within a morpheme
also appllies across morpheme buundaries. The
converse of this convention does not generally
obtain, However, many of our rules will be
stated as intramorphemic rules, which are then
by extension also intermorphemic rules; this
approach contrasts with that of the Indian
grammarians, who were primarily concerned with
Junctural phenomena and did not normally pro-
vide for the application of rules within
morphemes,
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morphemic, while an external sandhi rule applies across #,
1f it applies only 1in compound words, or across #(#) if it

1s general,

2.2, Internal Vowel Sandhi

We begin by dlscussing the rules of internal vowel
sandhi, These rules are somewhat simpler than those for
external vowel sandhl, - Moreover, the principal rules are
the same 1in both sltuations. Emeneau's formulation of

the rulesez

E35 "Like simple vowels coalesce to the corre-
o sponding long vowel," |
E36 "a or a plus an unlike simple vowel, yilelds
2. gupa of the second vowel,"
E3g3 "a or d plus . diphthong, yields the cor-

responding long diphthong."
E40, "...short or long i and u.,.. before a vowel
are replaced by the corresponding semivowels,"
E41, "A diphthong before a vowel 1is replaced by
short or long a (depending on whether it is a
short or long diphthong) plus the correspond-
ing semivowel,"
(E38 deals with a set of exceptions to E4O, E39 deals with

the so-called Yroots in p¥ We will not discuss either of

these cases.)

-

2 E35 refers to Rule 35 in Emeneau 1958, Similarly wi92b

refers to Section 492b in Whitney 1960,
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First we note that it is not necessary to make
any special provision for E37/E3 if all diphthongs are
represented as vowel sequences; the application of
E35/E1l automatically yields é followed by a noncompact
vowel,

The remaining processes are then, in essence,
three: coalescence of like vowels, glide formation,
and mid vowel formatlon. Moreover, glide formation
takes place in two different environments: prevo-
calically (E4O and E41), and postvocalically (the forma-
tion of the loag diphthongs &y and &w from aiasd du).
A semi-formal statement of the rulés; using V as a
general cover symbol for vowels, would then be:

"v]” v
1. Lxi, 2 | +tns

X

Vv -y
2. _-comp] - c-voc-:llig— , E
o v 2
3. a |-comp| ™ [-diff]
1 2

+tns

There are several possible variants of this
set of rules. Rule 2 could be split into two rules,

2a (the prevocalic case) applying before Rule 3. 2b
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(the postvocalic case) applying after Rule 3; then
the environment for 2b would be simply "after a vowel"
and not "after a," Or, the second environment in Rule
2 could be changed to "after a vowel," and Rule 3 could
create e and o from gy and aw before a consonant, Some-
what arbitrarily (but see the following sections) we
choose to split Rule 2 into two cases,

Before completely formalizing the rules, however,

we must consider the form dewaw'two gods', derived from

daiu + a + aau: root dalu 'god!' (1tself from diu theaven',

which appears in forms as both diw and dyu), stem-vowel
a, and Jlom, A4. ending aau. Rule 2a does not specify
whether, 1n the cluster iu, it is the 1 or the u that
is to become a glide. In such cases it is always the
second vowel that becomes a glide. To achleve this

result, we make the environment of 2a

([Fenel)

Then by a general convention on application of rules
(Section 1.3.4.1.2.), 2a will apply first to the w in
the cluster iu, and, as a result, will not apply at
all to the 1 {(because 1t is no longer followed by a

vowel).
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Rules 1-3 apply in external, as well as inter-
nal, sandhi, We take this fact into account by 1insert-
ing (#(#)) into the rules in the appropriate places,
The formalized versions of these rules are:

+voce .
-cons 1
VOW1, | ecgrv | (1) (#(#)) 1 (1) —> +tnsl
A comp
¢l
1

-cons y [ -voe
vowa, {;comp [ tns

+voc
-Ccon +v
([-&mﬂ) ) [-CSSQ

+voc
-cons +voe
Vow3. | +comp| (#(#))| -cons| —>
~-tns -comp
1 2

[ 2 ]
~-diff
+tns
VoW, [:gg:nﬂ —> [:ng] /

+voc
[-cons (#(#)) - -
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Examples:

aslt, 3 sg. act. impf. of as 'be' (augment a,

root as, union I, ending t):
2+2as + 1+t —> as+I+¢
VOW1l

bh‘awe’c, 3 sg. act. opt. of by ‘'be! (gu9a3 of
root b . theme a, mode-sign 1, ending
£):

e+

blauu + & + 11 + t —> bhaua-a'+I'+
VOW1

—> bhaw+_a_'+:T.‘+_1Z—-—->

VOw2 - VOW3

daiu + & + gau —> dalu + &u —>
VoW1l VOW2

dalw + &uw —> dew + au —>

s,

VOW3 Vowl

R Y ) . A R A O I

3 In the traditlional grammars, certailn vowel alternations

(the source of which will not be discussed here)
are described by the terms gupa and vrddhi, The
basic vowels are a, i/I, amd—u/u; the
gunpa vowels are &, e, O, reSpectIvely, the vrddhi
VoWels are &, ay, aw, respectively.
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VOW1-4 appear to account for all the facts
described in Emeneau's rules above, with one excep-

tion, E36/E2 prescribes a guna vowel as the result of

& or aa before i, u, or r, Our rules predict a guna:

vowel from a and a vrddhi vowel from aa in this context,
To account for the falling together of the two cases
we add a laxing rule (applying only before Jjunctures),

ordered after VOW1l:

Vous., {tzggs —_— [-tns] / __'__‘_;_'i#?#)}[—!-voc]

+comp

It is not necessary to specify 1, u, and r as a class
in any direct way, because a following a would have

coalesced (by VOW1l) with the d in question,
Examples of external combination with tathﬁ"thus':

tatPaa ## tcclati ~-—> tathi'## jeclatl —>
' VCW1 VOw5

tatha ## lcchati —> tatPecclati 'thus
VOW3,

he desires!
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tatPaa ## ukta —> taths ## ukta —=>
VoW1 T yOWs

tatla ## ukta —> tatPokta 'thus spoken'
VOW3

VOWS does not apply to the final cluster in

daiu + &u (see the example above), because there is

no boundary between the & and tr2 u,
The system of vowel rules that we have set up

thus far 1s the foliowlng:

VOW1l, Coalescence of Like Vowels.,

VOWS, Laxing of &,

VOWZ, Prevocallc Glides.

VOW3, Mid Vowels,

VOW4, Postvocalic Glides.

2.3. Cyclical Rules

It us examine VOW1l and VOW2 a bit more closely.
First we consider the example 1ti ## 1 + anti (itl
'thus'; yanti, 3 pl. act. pres. of 1 'go'). Because
we have ordered VOWl before VOW2, we would expect the
derivation

it A# 1 + anti —2 1tI + anti —> 1tyanti
- VOW1 VOW2
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But, as a matter of fact, the correct output is
itiyanti.

Even 1f VOWl were ordered after VOW2, there are
difficulties., VOW2 is applicable to this example in
two places--to the final i in 1ti (external sandhi) and
to the initial 1 in i + anti (internal sandhi). The
rule applies first to the external sandhl case, because
that case satisfles the larger environment of the rules
(Section 1.3.4,1.2.). We then obtaln the incorrect out-
put 1tyyanti,

It appears that the example provides evidence
(a) for the separation of VOW2 into twe rules, one
applying internally and the other externally, and (b)
for the ordering of VOW1 after VOW2. But if we must
split VOW2 into two ruies, then we cannot capitalize
(by saving symbols) on the similarity of the two pro-
cesses, Moreover, serious difficulties arise if VOW1

1s ordered after VOW2; from iti ## 1 + tas we obtain

ityltas instead of the correct output itItas 'thus they
two go'. From the fcrms itiyenti and itItas we conclude
that the required ordering is
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Vow2I (Internal)
VOW1l
VOW2E (External)
Yet even thils ordering is not satisfactory.

Consider the examples strii ## iti and strii## ati

(strd 'woman', ati 'over').u We would expect the

derivations

stril ## 1ti —~——> stryi # 1tl —>
Vow2I VOW1

st t1

strii ## ati —> stryl ## ati —>
vowaIl VOW2E

stryy ## ati

But, ir fact, the correct outputs are striti and stryati.
We are thus forced either to constraln VOWZ2I to applica-
tion before unlike vowels cnly, or to split VOW1l into
two rules, one internal (ordered before VOW2I) and the
other external (ordered between VOW2I and VOW2E). The

second of these alternatives is particularly . terest-

......... - P .,

4 In our examples of external sandhi we try to use

short words, so that the operation of the rules
under discussion 1s not obscured by other de-
tails., As a result the examples do not always
appear to make sense, although the cited col-
locations of words could occur within sentences.
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ing, for the system of rules would be

VOW1I,

VOw2I,

VOW1E,

VOW2E,
That is, VOW1l and VOW2 would apply, 1n that order,
first in cases of internal sandhi and then again 1in
cases of external sandhi. But we already have at our
disposal a device--the cyclical application of rules--
that achieves this effect and that does not require
us to state what is essentially the same rule in two
different places,

If we assume that VOW1l and VOwW2 apply in a

cycle, then we need not make any changes at all in the

system of rules set up in the previous section.

Sample derivations:5

itl ## 1 + antl ati ## 1t1
FIRST PASS
VoW1 * *
VOW5 * *
vow2 itd #H# y + anti *

5 In sample derivations the asterisk * indicates that
the rule in question does not apply, 'vac' that
the application is vacuous.
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SECOND PASS

VOW1 * atIti

VOW5 * *

VOow2 vac *

strii ## 161 strii ## ati

FIRST PASS

VoW1 strl ## 1ti strl ## ati

VOW5 * *

VOW?2 * *
SECOND PASS

VoW1 striti *

VOWs * *

vow?2 * stry ## ati

2.4k External ‘Vowel Sandhi

In this section we seek to account for the
facts of external vowel sandhi by adding to or amend-
ing the rules we have already set up. Emeneau's rules

are as follows:

El = E35.

E2 = E36.
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E3 = E37,

E4, "Other simple vowels before unlike
vowels are replaced by the corre-
sponding semivowels." (Same as E40,)

E5. "After a short diphthong initial a
is elided."

E6. "e before any cther vowe® than a is
replaced by a and hiatus 1emains.”

E7. "ai before a vowel is replaced by &
and hiatus remains."

E8. "o before any other vowel than a and
& and &8u before all vowels, are
replaced by av and a&v respectively."

(E9 deals with the special treatment of EE

in combination with certaln vowels. E10

lists forms in which there is no sandhi at
all,)
We have already discussed El-ES5,
E6-E8 are concerned with the final clusters
a(a)l and alg)u. The rules we have already would pre-
dict glide formation in most cases, Thus, in the exter-
nal sandhi of taw 'the two of them' and ewa 'indeed',

the derivaticn proceeds as follows:
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ta + aau ## alua — t&u ## alua —>
Vowl vow2

tAu ## aiwa (end of first pass)

— taw ## alwa -—> tawewa
Vow2 VOW3

Glide formation occurs regularly in the case of
aau and frequently in the case of au (E8). Au is, how-
ever, an infrequent final--except as the result of auz
(see Chapter 6)--and is variously treated in the texts
(W134a). We will assume with Emeneau that a glide is
the normal output in all cases except au(z) #:&_, where
the result is o.

This glide formation should occur even wshen the

following vowel is u-~-thus t&@wupa from ta + asu ## upa

(up'a 'tcwards')., As our rules now stand, we would

expect the derivatilon

tasgu ## upa - t&1 ## upa (end of
VOW1l

first pass) —>> tatpa —P
VOW1 Vowy

tawpa

Hence, VOWl must be bleeked from applying during the
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second pass when the sequence of like vowels 18 pre-
ceded by a vowel. This can be accomplished by adding
to the environment of VOW1l:

+voc
-cons

[ 1
Vowl', Jegrv [ (1)(; #(#))1(1) —> +tn8]/
ren

1

([frest]) e

The cases of au and al before & are special;
instead of glide formation (in the case of gg) or hiatus
(in the case of al), the result is a mid vowel with
loss of the following é. Now the rules tnat we have
already set up would predict a mid vowel as the resul-
tant of au or al 1f the'é:were dropped before the forma-
tion of prevocalic glides (VOW2), and hence before the
formation of the mid vowels (VOW3), That is to say,
the appearance of e or o 1s not exceptional if there
is an early rule prescribing the deletion of 1nitia1jé
after final au or al (1nstead of a late rule prescrib-
ing the deletion of é after o or e, as it is usually

conceived-~cf, W135):

6 That 1s, a sequence of like vowels coalesces in any

position in internal sandhli, and when preceded by a
non-vowel in external sandhi. The conventlons con-
cerning numbered parentheses (Section 1,3.4,1.2,)

insure that on the second pass the sequence of like

vcwels must be preceded by a non-vowel,
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+voc

VOW6, \|-cons|\ —> & /
+comp

~-tns

+comp} | ~comp

+voc [+voc
-tns

-cons -cons] ##) -

Thus, from tal ## ati (te 'they' masc.), we obtain by
VOW6 (on the second pass) tal ## t1; VOW2 1s then
inapplicable, and VOW3 applies to yleld the correct out-
put tetdi.

The remaining cases of vowel-vowel sandhi are
the hiatus cases--aal before any vowel, and al before
any vowel except é;(E6 and E7). The rule creating

vowels in hlatus (VOW7) must follow both VOW3 and VOWY,

rfor (a) If VOW7 preceded VOW3, the resultant of tal ## itd

would be teti instead of the correct form taiti, and

(b) If VOWT preceded VOW4, the resultant of tasmaai #H 1t

(tasmdy 'to him') would be tasma instead of the
tasmay tasmaytl

correct form tasmfitli, Hence, VOW7 is a y-deletion rule:

~voc
VOW7T. -cons|{ —> @ /
-comp
-grV
+voc +voc
-cons} o #H(#) [-cons
+compd ~

nnnn
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It is not necessary to specify "before any vowel except
Ef in the case of final al, because this situation will
already have been handled by an earlier application of

VOW6,
In the case of the example tal ## 1t1 we have

ordered VOW3 and VOW7 so as to avoid the derivation

tal ## 1t1 —» ta ## 1t1 —> teti .

However, if VOW3 is permitted to apply on the first

pass, we will have the derivation

tal ## 1t1 —> te ## 1ti ,

with no application of VOW7 at all., Similiar problems
arise in the case of VOW4, The solution to this dif-
ficulty 1s to make VOW3 and VOW4 applicable only dur-
ing the second pass; VOW7, referring as 1t does to
word boundaries, is already applicable only during this
pass, The revised forms of VOW3 and VOW4 are:

+voc 5
~cons +voe
vows',{ +comp { (#(#)) ]| -cons{—> | -girfi /
-tns -comp +tns
1 2

;;_( ]o i
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voun, [eonp] = [ine)
e

The resultant system of vowel sandhi riules is

then

VOW1l', Coalescence of Like Vowels.

VOW6,  a-Deletion.

VOWs, Laxing of &.

Vow2, Prevocalic Glides.

VoW3'., Mid Vowels,

VOW4', Postvocalic Glides.

VOW7.  y-Deletion,
Of these rules, only VOWl1l', VOWS, and VOW2 will be
applicable during the first pass. All seven rules are

applicable during the second pass,

Sample derivations (involving gé 'she'; the voc. sg.
indra 'O Indra'; ehi, 2 sg. act, impv. of

aa # 1 'go to, approach!')
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tasmaal ## ati ta + anu ## ati
FIRST PASS
VOW1' tasmal ## ati tau ## ati
VOWS * *
VOW2 * *
SECOND PASS
VOW1 ! * *
VOW6 * *
VOW5 * *
vow2 tasmay ## ati taw ## ati
VOWw3! * *
VOW4 * *
VOW? tasma # ati ¥
saa ## iua saa ## alux
FIRST PASS
VOW1! s& ## iua s& ## aium
VOW5 * *

VOoW2 sa ## iwa sa ## alwa




SECOND PASS
VOWY'
VOWH
VOW5
Vow2
VOw3!
VOW4 !
VOW7

* saiwa

sa ## iwa *

vac vac

sewa *

|
i FIRST PASS
VoW1 !

VOW5
VOw2

SECOND PASS
VOW1'
VOW6
VOW5

indra ## aa # ibi

indra ## 3 # iht
*

*

indrd # thi

*

indra # ihi
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VOW?2 *
VOW3! indrehi

VoWl *
VOWT *

At thls point we abandon the toplc of vowel g
sandhli and turn to some aspects of consonant sandhi.
In Chapter 6 we shall examine the vowel sandhi rules
once agaln, this time 1in relation to several rules i
of consonant sandhi. 1In the following chapters we :

shall transcribe all tense vowels as clusters.

———
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Chapter 3

Retroflexion

Iet us consider the occurrence of retroflex con-
sonants within words. We shall see that retroflexion

1s predictable, with only a few exceptions.

3.1. The Retroflex Spirant g

It is well known that nearly all occurrences

of s are predictable. This segment occurs neither in

word-final position nor (with only one important excep-
©an word-inlial posilion.

tion, the numeral sas 'six')A Nearly every occurrence

of s immediately follows 1, u, r, cr k; and s hardly

ever occurs in this environment, Thus, 1n combination

with the loc. pl. ending su:

With s: With s:
agnisu (agni 'Agni') Jjaasu (Jaa 'progeny!')
éatru§u (éggzg 'enemy' ) marutsu (marut 'wind')
waaksu (waac 'voice!') apsu (ap 'water')

swasrgu (swasr 'sister!')

kaamaisu (kaama 'love')

and in the citation-forms of verbal roots:
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With 8: With s:

kgudh 'crush' tsar 'creep up on'

kgam ‘'endure' psaa ‘'devour!’

aks ‘'attain' bharts 'revile!’

dwls r'hate’ was 'clothe, ''dwell, "
'shine!

dhr§ 'dare’ tras 'be terrified'

s 'teax! kas 'open'
hrals 'neigh'’ hras 'shorten’

h

b uug ‘'adorn' ph

aas 'shine'!

The class of segments that cause the modifica-
cons
tion of s to ¢ can be specified as gcomp . This

class 1includes all velar and palatal consonants, the
vowels 1 and u, the glides y and w, and the liquid r.
We can then write:
+obst +comp] s [« cons
RET1. |+cont| ™2 |+fr1 ]/Lxcomp (#)
-comp
This rule applies across # as well as +: that
1s, 1t applies after the verbal prefixes abhi 'unto,
against', prati ‘'back (to)', ni 'down, into', wi 'apart,
away', anu 'after, along', and su ‘well, good' (e.g.,

anustup 'following in praise; a kind of meter', from

the verbal root stubh ‘pralse') and in other compounds 23 wel/

4
P!
i
R
i
i

T b e P = T e g o
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(e.g., the proper name yudhisthira"firm in battle!',

from yud'i 'battle' and stMra 'firm'). The conver-
slon usually takes place with the verbal prefixes, 1In
other compounds the best that can be said is that it
often takes place (see W186); the factors that deter-
mine whether or not an 8 1s converted in compounding
are not well understood,

There is a regular class of exceptions in
which the effect of RET1 is canceled: whenever an r
immedlately follows the 8, and frequently whenever
there 1s any later T within the same word, there is
no retroflexion. We could account for this "protec-

tive" influence of an r either by adding

{ Tvec H ik
-CONSs o

as a right-hand environment in RET1, or by adding the

deretrcflexion rule

+obst - +voc
RET2., |+cont ‘*5'[—f1J / [ }o +cons

-comp +£1
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Since RET1 is a cyclical rule (see Chapter 4), we must
use the deretroflexion rule instead of the added envi-
ronment, because the protecting environment may not
appear until a pass after the one in which the affect-
ing environment appears.

RET1 predicts most occurrerces of g in Sanskrit,
Other occurrences result from s or Eg before a dental
stop (see Chapter 4) or from an assimilation of retro-
flexion (see Section 3.4.). There remain only a few
unpredictable occurrences, principally the numeral sag
and four verbal roots, There 1is also a handful of
forms--e.g., kusuma 'flower'-~in which s occurs where
3 i1s predicted by RET1,

These facts suggest that there should be no
$ distinct from s in lexical entries, and that excep-
tional forms should be handled by speclal rules that
1list the forms (if they show an unpredictable i) or by
marking the forms as not belng subject to certain rules
(if the forms show an 8 where the rules predict an 2).
The four verbal roots that show an unpredictable $

present more o{' a problem, however, because to each

one there corresponds a different root in s; we have:

et I

e,
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kag 'scratch' kas 'open'

bha§ 'bark! blas 'devour!
EEEEE 'speak! gfggg"shine'
lfi 'desire’ las 'be lively'

The roots in the two columns can be distinguished by
listling those in the first column with a special mark--
either a lexical mark or a phonological one. Wg shall

suggest a phonological mark in Section 3.3.

3.2. The Retroflex Nasal p

The predictability of most occurrences of 0
like the p.redictablliity of most occurrences of g, 1s
well known. Whitney's very prolix statement of the
rule (W189) is:

The dental nasal... n, when
immediately followed by a vowel
or by.,.. nor,.. mor,., yor,..
v, is turned into the lingual...
n if preceded in the same word
Py the lingual sibilant or semi-
vowel or vowels--that 1s to say,

byooo §90.o E, oroo. ? orooo f.--:

and this, not only if the alter-
ing letter stands immediately
before the nasal, but at whatever
distance from the letter 1t may
be found: unless, indeed, there
intervene (a consonant moving




the front of the tongue:
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namely)

a palatal (except... y), a lingual,
or a dental.

The rule may be inferred from the following forms:

Root

na§

wal

tap

ghas

sIru

P

hrs

———

erbh

plug

kgsap

calgt

muurch

nard

kswail

ras

'dance'
'burn!
'heat!
'eat!

'flow!

'be excited!
!gapel
'burn'!

ibe absti-
nent!

'gtir!
'thicken,
become
violent!'
'bellow!
'playi

'roar’

3 Sg. Pres Derived

Act. Ind., Noun/AdJective
natati natana 'dance'
Jwalati Jwalana 'fire!
tapati tapana 'heat'
ghasati ghasana 'devouring'
srawati srawana '"flowing;
- sweat;
urine'
hrgyatil hargana 'erection!
jrmbhati jrmblaga  'yawn!
plaugati plausgana "burning'
k$ap§£1 kgapana 'abstinence!
caigtati calgtana  'motion,
- - effort!
muurelati muurchana 'violence,
growth!
nardatl nardana 'roaring'
kswallati kswallana 'play'
rasatl rasana 'roaring,

nolse!
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Conjugation of xml” (%gpresud in the sg. pres.:

Active Middle
1 runadhmi rundlai
2 ‘rupatsi runtsal
3 ruoaddhi runddlal

That is, an n is retroflected 1f there is an r
or g preceding 1t anywhere within a word, so long as no
palatal or dental intervenes and so long as the n is

followed by a sonorant. In distinctive feature fterms:
+nas +comp
5 [eel— (i

~grV
+cons -cons
[+con%} ({+grv i]o-;;—— [;obsél
+f1 -
Iike RET1l, this rule applies generally to n following
prefixes (in this case, paraa 'forth', parl 'around',
pra 'forward', nls 'not, without', awrtar 'within', and
dus 'bad'), and frequently in other compounds. A few
rocts--e,g., EEPE 'burst' and nand tre joice'--invariably
occur without retroflexion, however, and must be marked
[}RETj] in the 1exicon.
Again like RET1, RET3 may have its effect can-

celed by a following retroflex sound. In this case an




r immedlately followlng the n always prevents retro-
flexion, and any r or 5 later in the same word usually
prevents 1t, This protective effect could be accounted
for by changing the right-hand environment of RET3 to

~obst]{{-cons
[—voc “-con tH ## ;
0

-fl

but we choose, as before, to add a dissimilation rule:

+nas| +cons
RET4, | -grv “““*[-fl] / C 1,| +cont
+£1
The root nrt 'dance', for example, never occurs with retro-
flexion. And the past part. and 3 sg. act. fut. of

pra # nas ‘reach, attain' are pranagta and pranankgyati,

respectively, and not prapasta and prapankgyati, respec-

tively,

Most occurrences of n are predicted by RET3, or
by assimilation rules, However, there are a fair number
of occurrences that cannot be predicted on those grounds--

e.g., the substantives gupa 'quality' and pupya 'prosper-

ous, happy', and the following (complete) 1ist of verbal

roots; many of whilch are of rare occurrence:
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Jhap tsound' mapd 'deck!

pan 'bargain' Ezgg 'be empty!
phap 'go, move' wapl  'divide!
bhag !speak, call! EEEE/EEE 'go, move'
map  'sound' gy ' dullt

kwap 'sound'’ §EEEEI 'cover up'
kaup  'shrink! ot /1t trob:

Unpredictable np also occurs rather often in proper

names--e.g., Paapini, Saayapa, Paa{)du, and Claaspakya.

Since our analysis of these remalning cases of p is

closely connected to our analysis of the retroflex

oral stops, we turn next to these segments,

30 30 Tl'}e‘ 'Re’i?I‘Of-]:e‘R ‘OI‘a]: 'S’bopﬂf ."p,« @}].’, ﬁ,’,. ﬁh

Although some occurrences of the retroflex oral
stops can be explalined as the result of assimilation
rules (Section 3.4) or terminal sandhi rules for'g,‘g,
kg, J and h' (Chapter 4), there remain many occurrences
not accounted for by these rules. The retroflex oral
stops occur in both verbal roots and substantives, and
(like‘g) are rather common in proper names--e.g.,

Wiraate, Bhappm. In the following discussion we will

confine ourselves to verbal roots as representatives
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of the entire Sanskrit lexicon.

In initial position retroflex stops (oral cr
nasal) are very rare, Whitney 1885 1ists four roots
beginning with ¢ (of which two are doubtful), one in
QE, four 1n.g (of which three are doubtful), and none
in EE or p. In final position (and when not explain-
able as assimilations) retroflex stops are more com-
mon, Whitney's list contains seventeen roots ending
in 2 OT.EE’ five in EE, nineteen in g, thirteen in D,
Eg? 22, or EEE’ and none 1in gi.

Now we notice that the occurrence of retroflex
stops in rbots correlates with a gap in the distribu-
tion of 1, In root-initlal clusters 1 can be preceded
by velars or lablals or by éf-e.g., klam 'be weary',
glah 'gamble', hlgad 'refresh', plu 'float', mlaa
'relax’', élagg& 'extol!'--but not by dentals., Ir the
four gquotable root-final clusters 1 is followed by
labials or velars: gg}gf;'dare', ggggﬁ 'bunch', Jjalp
'murmur', and walg 'spring'. Finally, the only root
containing the "vowel 1" is klp 'be adapted', in
which 1 1s preceded by a velar and followed by a labial.

These facts suggest that root-final retroflex
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stops might be conslidered as the product of an original
dental stop preceded by 1, A simllar explanation could
be glven for the root-initial retroflex stops; however,
the fact that they are so very infrequent suggests that
they are truly exceptional.

The remarks in the preceding paragraphsare only
suggestive, They do not provide a very strong argument
for the representation of retroflex stops (and "unpre-
dictable” i) as clusters. There 1s no availlable direct
evidence in the morphophonemic processes of Sanskrit,
because:

1, There is no situation in which a
retroflecting 1 is not deleted; no
output form contains a retroflect-
ing 1 fortuitcusly preserved for

our inspection.

2. The combination of an 1 and a fol-
lowing dental in the ordinary Jjux-
taposition of morphemes is sys-
tematically avoided in Sanskrit.

No root ending 1n 1 belongs to
either the root class, the redupli-
cating class, or the nasal class

in the present system. Hence, an
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1 can never come to precede a dental

in conJugation. Moreover, whenever an

1 would ordinarily come to precede

a dental in derivation (in the forma-

ticon of the past participle, for

example), a union vowel is inserted,.
Some indirect evidence can be obtained by considering
the formation of past participles, gerunds, &.d infini-
tives from rocts ending in retroflex consonants. This
evidence is discussed in Chapter 5,

It should be emphasized that one of the major
supports for our suggestion 1s the relative rarity of
"unpredictable" retroflex consonants. That is, the
attractiveness of the suggested representation depends
crucially on the number of (lexical) forms contain-
ing the clusters. We are trading the use of two seg-
ments against the postulation of additional phonemes
(with the attendant necessity of distinguishing these
new phonemes from all other phonemes by al 1east one
feature). If the number of (lexical) forms contain-
ing the two-segment clusters increases during a period
of time, eventually a point will be reached at which
1t will be more economical--in terms of the number

of features it 1is necessary to specify in the lexicon--
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to postulate new phonemes,

A final criticlsm of our treatment of the
"unpredictable" retroflex consonants is that we have
not sufficient’y motivated the choice of 1 as the
cause of the retroflexion.!/given the assumption that
the retroflexion does indeed have a cause), It 1s
possible Lo devise other treatments of the problem,
One method--which is attractive becsause 1t accorad.
with the facts of linguistic history, but which can-
not be used in every instance of "unpredictable"
retroflection--is to postulate an s as the affecting
enviromment. Thus, the root i:}_«_} 'implore' would be
represented as 1isd (or isd); by RET1 the s would
become §, the d would assimilate to the 8 in retro-
rflexion (see the next section), the L4 would assimi-
late to the E in voilcing (see Chapter 5), and the
resulting z would be deleted by a new rule (possibly
with compensatory lengthening of the preceding vowel).
Our observations about the distribution of 1 would
find expression in a morpheme-structure rule, How-
ever, this treatment suffers from many of the same
def . ¢lencies as the treatment we have suggested, with-

out the latter's virtue of generality., 4 He other hand]
Here is no reason fo assome av// oNe Seurce of
“unpredictable  retso flexiom.
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To account for root-final retroflex stops,
then, we add a new retroflexion rule (RET5) and an

1-dropping rule (RET6):

, +cons 5 | +comp +cons
RETS, [-comp] [;fl / [;voc ] .

-grv -1
+cons +coné]

RET6, |4voe | —> &/ - - |+f1
-1

Then kxuun 'shrink' will be represented in the lexicon

as kuular and pa?h-'read' as paith; Exceptional occur-

rences of § can be accounted for by RET5 and RET6;

blag 'bark' will be represented as blals,

3.4, Assimilation of Retroflexion

We have already alluded to "assimilation of
retroflexion”" rules and quoted several relevant forms--

anugjup from anu # stub, and yudligthira rrom yudhi

# stMra, Further examples:

dwigd'wal  from dwig + dhwal (ulti-

mately from dwls 'hate' and 2 pl.
midd., ending dhwal: see Chapter 4)
dwistas from dwis 'hate' and 3 du. act.

ending tas



T1.

11ftad from illd 'implore' and 3 sg.
midd. ending tail

From these examples, we see that in internal
combination a dental consonant is reftroflected after a
retroflex consonant:

+cons +comp +cons
RET7, | -voc |{— {+r1 /| -voe -
-Zrv +f£1
(but see the further discussion in the next chapter).

In external combination there is the same as-

similation of retroflexion, but in the opposite direc-

tion:
tag ## dayatad from tat 'it' and 3 sg.

midd. pres, of ¢ii 'fly'
tridg ## tafkati from acc. sg, masc. of
tri 'three' and 3 sg. act. pres. of

tafik ‘'cover!
taf # flikeah from tat and nom. sg. of

{iikaa 'commentary!
paadag ## {alatl from nom. sg. of paadm
'foot' and 3 esg. act. pres. of {al

'be confused!'

R
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taag ## ga} from taas 'they' (fem.) and
sgag 'six’

The rule for this assimilation is then

RETS, [fﬁggs] — [, [nvgﬂj
-grv f1
(but see the further discussion in the next chapter).

A final retroflex consonant remalns before an
initizl non-retroflex consonant: jiiwanag ## dewaaza,
from Qiiwanaé"living sacrifice; and dat. sg. of daiwa
'god' (for ¢ 1in place of &, see Chapters U4 and 5).

There are several problems remaining in connec-
tion with these assimilation rules and their relation-
ship to the other retroflexion rules, The first arises
when we consider the past partieciple kguppa, from the
root ggggl terush!', This root is one of approximately
seventy that have past participles in na instead of ta.
Moreover, na 1s pecullar in that a stop assimilates
in nasality to it; ordinarily in internal sandhl there
is no such assimilation (cf. the noun ratna"Jewel'),

while in external sandhi there is (cf tan TH# namas

L Y A Y B A A A A IR BRI e P S A R A AN AR A 4

1 From this point on we will not indicate predictable
retroflex consonants in citation forms of roots;
thus ksud instead of the usual kgud.
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from tat and namas 'bow, obeisance')., Hence we assume
that the participial endings are + ta and # n¥, 80
that the relevant rule of external sandhi wlll apply
to roots before # na, waever, if the ending 1is given
as # na, the boundary will prevent RET7 from applying
to the n of the ending.

A similar prohlem arises when we consider the

locatlive plurals dwifsu and hawiggu (or hawhgu), from

dwls 'hate' (a verbal root used directly as a substan-
tive) and haw + 1s (bacrifice', actually from the ver-
bal root hu 'sacrifice' with gupa vowe12), respectively.
From dGwlfsu and similar forms we conclude that the
locative plural ending is # su: g is converted to E
before this ending, Just as it 1s in word-final posi-
tion (see Chapter 4), and there is no assimilation of

retroflexion. But in hewiggu, caksuggu (from caks + us

teye', ultimately from caks 'notice'), and similar
forms, the applicatlon of RET7 seems to be necessary

for the retroflexion of the s of the ending.

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

2 Although the glide w in this form and the w in dewa
can be predicted by our vowel sandhi rules, we
continue to cite forms with w (and y) rather
than w (and 1), We have not extendcd our rules
to predict all occurrences of glides, and the
transcription with y and w is closer to the stan-
dard transcriptions (although sometimes less
perspilcuous for our purposes).
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One way to account for these forms would be to
assume that RET7 applies across # as well as +, It
would then be necessary to add a rule to account for
the non-occurrence of § #.E' A simpler solution, how-
ever, 1s to assume that RET1 applies across an inter-
vening spirant and that RET3 applles across an inter-
vening nasal:

+obst +ccmp
KET1', |+cont {— | +f1 /
-comp

oo (feeet]) oy
RET3', [-grv.l —> [#1) /

[5m) [{;gzss}] (Tonas] )

Then
ksud # na -—> ksun # ng ——=» kgun # na
~ RET1' ——

——— kgup #'na
RET3!

haw + iz # su ——> haw + ig # |t
RET1!

obs%}
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Chapter 4

Roots in g, é, and kg

4,1. Internal Sandhi

4.1.1. The Problem

In the followling sections we will examine the
behavior of roots ending in § (that 1s, s or lg),_é,
and kg (that is, ks). A1l such roots (with the excep-
tion of four roots in $--dis 'poini:, drs 'see', sprd
'touch', and sometimes ggé»'tzttain'--and of one

root 1n kg--jaxs 'eat', which is discussed in Chapter

5) have the same treatment in internal sandhi before

obstruents. That is (W218, 221, 226),

Finally and before # su: ¢

Before bl and ah: ¢

Before t and th: @

Before s: k

Examples are provided in the following chart:

T U




dwis daas caks endings

'hate' 'make 'see!
offering'

1 sg, act, dwaigmi daatml cakgmi +mi

2 sg., act, dwalkgl deakgl cakgl + 8%
Verb 3 sg. act, dwalgti daasti 3§§§£ + t¥
in Present 2 du, act, dwig?has daaithas ca@thas« + thas

2 pl. midd, awigawal daaddiwal caddiwal + dPwad

nom, sg. dwilt daat ffﬁ + 5}
Derived inst, pl, dwigblis daagdblis cagbhis + phig®
Roct Noun loe, pl., dwijsu daaysu catsu # su

- - . R e e e Y s s . e -

1 This s 1s, however, deleted by an early rule for the simplification of final
clusters; see Sections 4,1,4,, 4,2, and 4,3, Hence for our purposes the
nom, 8g. ending is null for routs ending in a consonant.

In Chapter 6 we suggest that thls ending is preceded by # rather than +.

L TS T T e ———— i e e
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4,1,2. Spirant-Shift Rules

We begin by considering the roots ending in
§ and é, The spirant in these roots becomes dental
before stops and before # (1nc1uding before the # su
of the loc. pl.), and velar before s, The dental is
a stop in some cases, a spirant in others; <the velar
is a stop,

The change can be split into two steps~--first
the shift of g and 4 to k before 8 and to g before

stops and #, and then the shift of 8§ to § before voiced

stops and #., Since we have suppcsed that # has some

of the markings of ordinary phonological segments-~in
particular, that it has the markings +obst, ~cont--
the first rule can be stated as
I +obst & gry +obst
SPl, |+cont | -—> | ~xcont| / - -leccont
+comp -x 1

That 1s, § and § become k (which is +grv, -cont, -f1)
before continuants and become s (which is -grv, +cont,
+f1) before stops.

The second change (the shift in continuancy)
is simpler:
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+obst - +obst
SP2, | +fl -—> [}contl / | | -cont

+ROCT +ved
#

The specificatlion that the spirant be a segment of a
root is necessary to account for. -the difference between
hawiggu (or hawihsu) and dwitsu (see the next section).
It is important that # have the markings +obat,
-6oﬁt; for 1T-We could not . 2f:r to those markings in
SP1, then SP1l would have to be split into two rules:3

+obst ( (o< grv +obst1
+cont .,%{ -xcont|/ - |«cont

+coulp - ]

e
+cont{/ - - #
+f1

This difficulty does not arise in the case of SP2,

N

even though the voiced stop environment and the #
enviromment are stated separately, because SP2 involves

no assimilation or dissimilation,

4,1,3., Cyelical Rules

Let us now consider the ordering of SP1l and

,,,,, -

3 We cannot assume that the 8 of the nom., sg. remains
when SP1l applies, for if the endlng were s, we
would expect daas + s to become daak + s and
then daak, But the correct output 1s daat.
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SP2 with respect to some of the other rules we have
established--in particular, with respect to RET1l',

On the one hand, RET1' must precede SPl and
SP2, for it creates Ilnstances of § to which SP1l and
SP2 will apply. But on the other hand, SP2 (and hence
SP1) must brecede RET1', for if the ordering were re-
versed we would have the derivation

dwis # su = dwig # gu —>
RET1* —™ ~— SP1

dwig # gu —> dwi} # su
-~ SP2 —

That 1s, the § would be created too late to block the
retroflexion cf the second 8 in this form,
The correct output can be obtained only 1f we

assume that the three rules in question apply in a
cycle--first to the root or stem, then again to the
root or stem in combination with conjugational or de-
clenslional endings. The relative ordering of the rules
within this cyele 1is

SP1

SP2

RET1'
RET7
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Then RET1' will apply twice in some forms, once before
SP1 and SP2 and again after these rules,

Both passes through the retroflexion and
spirant-shift rules are included within the "first
pass" through the cycle discussed in Chapter 2; that
is, we have now argued (in Chapter 2 and in the cur-
rent section) for at least three passes through a
cycle--once for roots and stems, once for (uncompounded)

4 These three

words, and once for complete sentences,
'passes are cruclal, There will, of course, be more
than three passes when the e¢ycliecal rules are appliled
to a sentence of any complexity.’

In the tables below seven cyclical derivations
are illustrated, We use (unlabeled) parentheses,
instead of the usual labeled brackets, to indicate the

relevant constituent strucsture of the forms.

FIRST PASS ((awis) # su) ((dwais) + si)
SP1 * *
Sp2 * *
RET1' ((awig) # su) ((awaig) + si)
RET7 * »*

----- - . P . . 4 . . -

4 The "first pass" of Chagter 2 now includes two passes,
and the "second pass” 1s a third pass.
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SECOND PASS (dwig # su) (dwaig + si)
SP1 vac (dwaik + si)
SP2 (awif # su) *
RET1!' * (dwalk + g1)
RET7 * * o
FIRST PASS ((gwis) + tlas) ((haw + 1s) # su)
SP1 * *
SP2 * *
REFL'  ((dwig) + tPas)  ((haw + 1g) # su)
- T ‘ .
SECOND PASS  (dwig + tas) (haw + 1§ # su)
SP1 vac vac
SP2 * *
RETY! vac (haw + 1g # gu)
RETT (awig + {has) *
FIRST PASS ((gaas) # su) ((gaas) + si)
SP1 * *
SP2 * *
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RET1!? * *

RETT " *
SECOND PASS (daas # su) (daas + si)

SP1 (daag # su) (daak + s1)

SP2 (daap # su) *

RET1! * (daak + gi)

RET7 * " o
FIRST PASS ((daas) + bhis)

SP1 *

SP2 *

RET1! *

RET7 *
SECOND PASS (daad + bhis)

SP1 (daag + bhis)

SP2 (daa + bhis)

RET1! *

RET7 *

For the voleing assimilation in daa@bhis, see

Chapter 5,
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4.,1,4, Roots in kg

When we conslder root-final ks, we see that SP1

and SP2 predict forms like cakgti, caktsu, and cakt, when

in fact the actual forms are caksji, catsu, and cat.

It 1s difficult to see how such forms can be
accounted for if we continue to assume that ks occurs
in root-final position., In particular, the form EEE
is troublesome, because by a general rule of Sanskrit--
the reduction of a cluster of consonants before # to the
first consonant of the ¢ luster--caks before ## reduces
to cak.

ABBR, [+obstl, —> g / Lreons] _ #(#)
Hence, any special rule for roots ending 1in ks must pre-
cede ABBR, The obvious solution would be to suppose that
RET1' and a special k~dropping rule precede ABBR; then
we would have

caks ~—>» cakg ———3> cag —>» caf
RET1! - Sp2 —

Rather than assume the existence of a speclal k-dropping
rule, let us instead search for an alternative represen-
tation of root-final ks,

An alternative representation must satisfy at
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least the following conditions:

a, It must reduce to E in word-final
position; this t, however, could
result from an g, 8, §» or ¢ in that
position,

b, It must become kg before sonorants,

If we assume Just the rules discussed so far, then the
only clusters that suit both these conditions are $8
$s, ég, and $s. Now each of the clusters §3, §s, and
éi contalins an g}in a position where retroflexion is
unpredlctable, Rather than assume new instances of

unpredictable g, we take ég to be the cluster from

which ks is derived., Then

(# (cass) + mi #) (# (cads) + s #)

ABER * (# (cas) #)
FIRST PASS

SP1 (# (caks) + mi #) *

SP2 * *

RET1' (# (cakg) + mi #) *

RET7 * *
SECOND PASS (# cakg + mi #) (# cas #)

SP1 * (# cag #)
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Sp2 * (# cap #)
RETL! vac *
RET7 * *

Next we consider the remaining environments--
that 1is, non-finally before an obstruent. The output
forms in these cases will be predicted correctly if
there is a rule (ordered before SP1 and SP2) deleting
8 between é and an obstruent, In fact, we could gen-

eralize the rule to delete s between any two obstruents:

SP3, [:ggggl —» g/ [rovst] (#) - (#) [+obst]

SP3 1s in fact a well-known rule of Sanskrit
(W233b-e). Some of the evidence for this rule is found
in the forms of the s-aorist, active voice., When we

compare the following examples--

nii 'lead’ chid reut off! tap 'heat!
1 Qu, anaailgwa accllaaitswa ataapswa
2 du, anaalgtam acelaaittam ataaptam
3 du, anaalstaam accPagittaam ataaptaam
1 pl, anaaigma acclagitsma ataapsma

2 pl. anaaista acclaaitta ataapta
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we see that although the forms of nii and the 1 du. and
1 pl, of clig and tap have the structure

((a + ROOT + s) + ENDING)

the 2 du., 3 du., and 2 pl, of _:_h_;g_ and tap are missing
the s. But these are exactly the forms in which the s
would appear between two obstruents, That is to say,
SP3 would be necessary even if we did not postulate
roots ending in ég_. And although there are no quotable
forms, we can suppose that the s8-aorist of roots in
é_g wlll also show the deletion of two occurrences of s
in the 2 du., 3 du., and 2 pl; from _x_'_a_.‘_é_g._ 'protect!
(which does have an s-aorlist, although only a few
forms occur in texts) we would expect

a + raass + s + tam -g‘;; a + raas + tam

— a + raag + tam —>
SP1 RET7

a + raag + fam

Other derivations using SP3:
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cads+ si — cas + sl ~—~—> cak + sl

SP3 SP1

—— cak + g1
RET1! —

cass + dwam — cad + dlwam ~—
SP3 SP1

cag + d'wam —> cap + dPwam
- SP2

—  caf + ¢hwam
RETT

There 1s further support for our postulation of the
final cluster ég instead of ks. This evidence 1s to

be found in a few palrs of roots:

phaa 'shine! vlaas 'shine!

sru 'hear! 8rus 'hear!'

haa 'leave, go haas 'go!
forth!

and possibly also

bhuu ‘be! bhuus 'attend upon,
adorn!

The roots in the second column are clearly related to

those in the first column and should not be considered

as morphemically unanalyzable., Iet us say that the
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roots in the second column contaln a final morpheme s,
of obscure semantlc 1mport.5

To the first list we now add

as gé '‘attain’ aks 'attain’
nad /nis ‘'attain' naks 'attain'

and possibly also

nas 'be lost! nlks 'plerce!

These palrs are analogous to the pairs in the first
list., It is then natural to say that aks should be
represented as gé + 8.

Note that what we are now suggesting is not
simply the final cluster &s, but rather a final § fol-
lowed by a monosegmental morpheme s, Such a sugges-
tion is, 1n fact, more reasonable than the postulation
of an underlying cluster §s, because (a) final clus-
ters of unlike spirants without a separating morpheme-
boundary are unusual in any language, and (b) the
cluster ég would serlously compllicate the statement
of morpheme-structure rules for Sanskrit,

There are other phonological phenomena and

relationships that suggest that not every root-final

2 Whitney 1885 refers to the roots with s simply as
"secondary forms" of the roots without s.
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ks be represented as §_+ 8. The two roots Jjaks 'eat' and
Jaks 'laugh' are discussed in the next chapter. Other

instances can be adduced from the following examples:

mrj ‘'wilpe' mrks !'stroke!
bhag tdivide, blaks ‘eat, par-
share' take of!

possibly blliks 'bey
Here again we have a final morpheme S, and mrks should
be represented as mrj + s. There is no evidence or
counter-evidence to be found for this representation,

because in every attested form of mrks, bhaks, and

92;55, the root is followed by a sonorant.

Before turning our attention to assimilation
rules, we note that SP3, as 1t stands, is not correct;
because # 1s an obstruent, SP3 will delete the s in
the initial clusters st, sth, sk, sp, etc. We could
prevent the deletion of initial s by changing the envi-
ronment in SP3 to |

[+opet] (#) __ (#) [-ovst]

A related problem arises in the operation of

the abbreviation rule. Since # is an obstruent, ABBR
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deletes # when it occurs after a final obstruent and
before #; that is, ABBR reduces every instance of ##
after a final obstruent to #., We could change ABBR

to require that the deleted segments be +obst, -BND.,
However, thls type of problem is liable to occur again
and agalin-~perhaps so often that the number of times
we are forced to refer to the marking -BND will offset
the economies gailned by having # contain segmental
markings. It seems to be the case, though, that the
problem ordinarily arises when rules refer to #, as

do SP3 and ABBR, The necessity of mentioning -BND
can be eliminated in such cases 1f we make the follow-
ing general convention: If a rule mentions # or the
marking +BND, then every segment (except a # or a
segment already marked +BND) is assumed to be marked
-BND, The effect of this cqpvention is to restrict
the usefulness of the markinés on # to the expression
of similarities between processes internal to words

and processes in word-initial or word-final position.

L,2, Some Assimilations of Position

4,2.1. Internal Palatallty Assimilation

We have been assuming that the retroflex con-
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sonants are retroflex palatals, even though they are
derlved 1n most cases from dentals. The alternation

of 8 with g, and the identical treatment of 3 and g

in internal sandhl provides some support for this assump-
tion, Certainly, if g is a flat dental, then the
statement of SPl is less simple than our rule in Sec-~

tion 4.1.2.:

+obst & comp

+cont o grv +obst
oot | [, (]
A comp - cont

-41l

In addition, if the retroflex consonants are marked
as dentals during the operation of the morphophonemic
rules, then we must add a late phonetic rule to make
them palatals (see Section 1,5.1.).

There is further evidence to be found for
the assumption, We have already discussed the assimi-
Jation of retroflexion in internal (RET7) and external
(RET8) sandhi, As a matter of fact, palatality assimi-
lates in exactly the same f'aeshion as retroflexion,

The only case that happens to occur in internal

sandhil i1s the change of n to é after a palatal stop
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(E51)6--thus, yaachaa 'an entreaty' (from yaac 'ask, beg')
yalha 'sacrificial' (from ya] 'sacrifice'), raajnii
'queen' (from raajan 'king'). However, n does not assi-
milate to a preceding $--thus gégg 'voracious' (from

gé 'eat'), and not asna. This apparent irregularity

of n would seem to prevent us from generalizing RET7 to

+cons
+cons +comp -voc
-voc ] —> locr] ] / | +comp
-grv o 1

But now we notice that it 1s not necessary for RET7 to
apply to instances of n, for RET3' is applicable in
every case, Any application of RET7 would be vacuous.
For example, the occurrence of‘g in !Eigi ‘manly,
strong' (from wrs !'(to) rain'), dPrgpu 'bold, fierce!
(from gfgg 'be bold'), and Jigpu 'vietorious' (from

Ji 'win') can be explained on the basis of RET3' alone.
Hence we can restrict the generalized rule to assimi-

lation of non-nasal consonants:

+cons +cons

-voc +comé1 -voc

PAL1, -nas | 2 \=1 / 1 -grv
(= RETT') | -grv +comp

o f]

LA 4

There 1s also a %eneral assimilation of n to a follow-
ing stop (E48),
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h,2,2, External Palatality Assimilation

In external sandhi the situatlion 1s very simi-

lar, although the process is obscured by the operation

of a number of other rules, The facts are as follows:

1.

3.

56

6.

Final t or d becomes palatal before
palatal stops and retroflex before
retroflex stops (E28).

Final n becomes palatal before voilced
palatal stops and retroflex before
volced retroflex stops (E24),

When final n precedes a voiceless
nongrave stop a spirant homorganic
with the stop is inserted after the
n, which then becomes anusvara! (E23,
E49).

The combinations t ## & and n ## s
become ¢ ## ¢l and n ##.EE; respec-
tively (E31, E25).

Final n before 3 or 8 remains, with
the optional insertion of a t after
the n (W207),

Final t before s or § remalns.,

7 Nasalization

of the preceding vowel,
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Final (non-radical) s or § assimilates
in position to any following voice-
less stop or spirant. Visarga (_-}1) is
often prescribed in place of X and

f, whenever these would occur; simi-
larly visarga 1s often prescribed in
place of the first spirqnt in the com-
binations 8 ## s, § ## §, and s S
(E11, El2, W170, W1lT2).

Final s or g before a volced segment

has a special treatment, which will
be discussed in Chapter 6,

In tabular form the sandhi-products of the comblnations

in question (final dental before initial palatal or

retroflex) are

Flnal:

=

jw

Initial:
c Jd % 9
ce 44 tt 44
nse ] g 0d
sc See st See
Chap., - Chap.
6 6




Initial:
] ] 8
Final: ¢t ceh tg s
n éEE. n(t)s n(t)s
s 88 33 ss
or or or
s Ds ps

If we postulate an external assimilation
rule PAL2 that is a near analogue of PAL1 {applicable x
to nasals but not caused by spirants, and regressive
rather than progressive) and if we assume that PAL?2 fol-

lows a number of other rules, then the phenomenz

listeol above can be described quite simply.

+cons +comp
PAL2, -voc > 1
(= RET8') | -grv

T +cons |

-voe
-cont

# (#) | +comp

-grV
ocf1 _

In the next three sections we examine the rules that

obscure the operation of PAL2,
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4,2,3. External Spirant Assimilation

According to PAL2, spirants do not cause assi-
milation, This 1s certainly true for the combinations
t ## § and n ## g. There remain the combinations of s
with a spirant and the combinations t F# é and n F#H# é_—--
cases in which there apparently is assimilation.

The sandhi of 8 before an initlal spirant is
only & subcase of the sandhi of s before any initial
voiceless segment (case 7 in the previous section), The

appropriate rule is

+obst
obs °fcomp -ved
+cont ﬁgrv / # (#) | e«<comp |
¢rl Agrv
Fel

that 1s, the assimilation of position in this case is

covered not by PAL2 but by a general rule for spirants.

4.2.4, The § — ! Rule

For the combinations t ## s and n ## s, we

add a rule that changes initial s to ch after t and n:

+obst'l +voc

+cont -cons

SP5, +comp § —» | ~cont -cont\ ¥ (#) ——e
-1 +tns -comp

-grv




97.

If SP5 1s ordered before PAL2, then t and n will assi- |
milate (by PAL2) to the cP created by SPS5. |

Examples (involving daiwaan, acc., pl. of daiwa 'god', and

drpauti, 3 sg. act. pres. of sru 'hear'):

daiwaan ## $rpauti -—> daiwaan 4 eNrpauti
SP5

— daiwaan ## chrpauti
PAL2

tat ## drpauti ——> tat ## chrpauti
- SP5

——> tac ## cNrpauti
PAL2

4,2,5, Spirant Insertion

SP4 and SP5 handle the cases in which there
is asslimilation not directly predicted by PAL2. There
are also the cases in which there is no assimilation

although PAL2 predi~ts that there should be--the com-

bination of n with a voiceless nongrave stop {case 3
in Section 4.,2,2,), For these situations we add a

Splilrant insertion rule:




:
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+cons

-Voce +cons obst
SP6, @—> | +obst| / |-grv ___## -cont

+cont +nas ~vecd

It 1s not necessary to specify the inserted spirant
any further than this, for if SP6 is ordered before
SP4, then SP4 will correctly mark the segment for com-
pactness, gravity, and flatness. In our examples we
indicate this partially unspecified spirant by S,

SP6 must also precede SP5., For if SP5 were
orderedbefore SP6, then the original combinations
n ## ch and n ## § would fall together (as n ## ch)
and both yleld nd ## ch, whereas the actual sandhi-
rorms are n8 ## cP and n ## cP, respectively. sP6
must follow the abbreviation rule, of course. We have

so far established the relative ordering

ABBR, Abbreviation.
SP6, Spirant Insertion.
SP5., § —3 ch

PAL2, External Palatality Assi-
milation

wlth the further restriction that SP4 (External Spi-
rant Assimilation) follow SP6,
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Examples (invelving hhmtaf and p_t_lggj;, masc, and
neut, nom,. sge, respectively, of pres,. act,.
part. of hh\m, tbet, and cp tand*):

blewants: ## ca —> bhawan ## ea
ARER

—” bbawanS ## ca —>
SP6 TSPk

blavand ## ca

blawants ## ﬂ" auti >
AEER

blavan ## Srgautt e

.h L,
bogyan ## éfﬂ.&m ;‘*L"z

blavat ## ca '“"*P blavac # ca
AL2

Banat # bgautt > phevat ## chrpants

——>  bhawac ## chrgauti
PAL2 -

L 02.6 'Y Viggg& RQ‘.QS..

We remarked in Sectian 4%.2,2, sbove that b is
an optional variaot of f and X and of a final spirant
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before an initial spirant. The only other position
in which h occurs 1s absolute final; there 1t is an

obligatory alternant of s, r, g--thus, we have manuh,

punah, and daiwah (from manug--that is, manus--the
nom, s8g. of manu 'Manu', punar 'again', and daiwas, nom,
sg. of dalwa tgod') before absolute pause (the sentence
boundary $).

All possible occurrences of E.can therefore

be predicted by three late rules:

+obs€} ~obst
VIS1. +cont {—» | -cont
(optional) {+grv +comp |
{ -obst’

+obst -cons +0obst

vIisa. [}conél“" -fl / #(#) +con;1
(optional) +comp
L HBTV
" ~obst]
+cons -cons

VIS3. +cont)~>» | -f1 / #$

~-grv +comp
| +gry |

Examples using these rules willl be given in Chapter 6.

4,3, Excursus on Relative Ordering

4,3.1. Types of Ordering

In earlier sections we determined the relative
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ordering of several rules, on the assumption that the
set of rules 1s linearly ordered--wlth one kind of
exception: a subset of the rules may be linearly
ordered within a cycle. At any rate the rules are
ordered in some fixed way.

Contrasting with such a flxed ordering 1is a

free ordering. When a set of rules is freely ordered

(or, as it 1is sometimes expressed, unordered), any
rule that is applicable to a given form may be applled
to 1t; when none of the rules applies, the deriva-
tion of an output form has been completed,

Often when a set of rules is freely ordered,
certain ordering relations will hold between sets of
rules 1in every derivation, For example, every appli-
cation of Rule X might entall a later application of
Rule Y, simply because Rule X introduces a symbol or
configuration of symbols to which Rule Y applies, Or
more elaborate restrictions might obtain: e.g., if
both Rule X and Rule Y apply in any derivation, then
Rule X always applies before Rule Y,

The effect of all such restrictions on a

freely-ordered set of rules is to define a (partial)
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ordering of the set, ILet us call this partial order-

ing the natural ordering of the set,

In an attempt to translate a freely ordered
set of rules lnto a set with flxed ordering the most
obvious strategy is to take advantage of the natural
ordering. For example, our placement of RET1' (Retro-
flexion of 8) before RET3' (Retroflexion of n) follows
the natural ordering, as does our placement of both
RET1' and RET3' before PALl,

Of course, our obJject is not merely the transla-
tion of a freely ordered set of traditional rules (as
expressed in terms of distinctive features) into a set
wlith a fixed order, waever; many of the traditional
rules seem to be essentially correct (although often
clunsily stated), so that our principal interests in
them are (&) their elegant restatement in terms of
distinctive features and (b) their ordering.

It is sometimes the case that two or more
rules concerned with similar or related phenomena are
stated so as to be mutually exclusive--and hence sc
as to bear no particular ordering relation to each
other. In such a situation it often happens that the
imposition of a fixed order on the rules allows for
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a conslderable simplification 1n their statement8-~
often to the point of making one or more of the rules
superfluous,

An example of such a simplification can be
seen in our treatment of SP6 (Spirant Insertion) and
SP4 (External Spirant Assimilation), If we order SP6
before SP4 it 1s not necessary to specify the inserted
spirant for compactness, gravity, or flatness. Whitney
treats the two cases quite separately--on the one hand
there 1s spirant assimilation divided into three
rules, one before initial spirants (W172):

Before an initial sibilant...
s 1s elther assimllated, becom-

ing the same sibilant, or 1t
is changed into visarga.

one before initial voiceless dentals and palatals (W170c):

Before the palatal lingual surd
mutes,.. 1t ic assimllated, be-
coming the sibilant of either
class respectively ...

and one before initlal voiceless velars or labials (W1l70d):

Before the guttural and labial
surd mutes,.. 1t is also theo-
retically assimilated, becom-
ing respectively the Jjihvamulilya
and upadhm&niya spirants .,..;
but In practice these breathings
are unknown, and the conversion

is to visarga.

-

B Some examples are discussed (7 Halle 1958{
Halle 1962, . and Chomsky 1964 ,
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On the other hand, there is spirant insertion, combined
with the anusvara rule in W208:

Before the surd palatal lingual,

and dental mutes, there s in-

serted after final n a siblilant

of each of those classes respec-

tively, before which the n be-

comes anusvira,

Emeneau follows Whitney--first two rules for
spirant assimilation (E11 and E12), then ihe spirant
insertion rule combined with the anusvara rule (E23).
Allen, 1like Renou,9 considers the spirant assimila-
tion as a single rule, but does not connect it (except

historically) with spirant insertion, 1°

MacDonell,
although he separates the twoc rules, inserts a foot-
note leading from the first to the second.11 But no
one seems to have seen clearly the relation between

the two rules.

4,3,2, Whitney and Ordering

In Section 4,1.3, we argued that SP1l, SP2, and
RET1' should apply cyclically.Now although the order-
ing of rules within a cycle 1s fixed, the operation of

9. Renou 1961, pp. 35, 37.

W Allen. .962, pp. T4-€, B6-8.

11 MacDonell 1927, pp. 18, 21.
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the cycle is such that a rule can apply to different
stages in the derivation of a single form, Thils pos-
sibility also arises when a set of rules 1is freely or-
dered,

We should expect Whitney, whose rules are for
the most part freely ordered, to make some reference
to “he double application of RET1' in forms 1like
dwalksli. But Whitney's statements on this matter are
not clear, In one sectlon he states that "the occur-
rence Nf g in Sanskrit words is nearly limited to
cases falling under this rule" (W182) and cites,
among other forms, the four exceptlonal roots kag,
ph a1

las, b'as, and tlaas (see Section 3.1.). In a later

section, however, he says that "roots having a final
sibtiant (except i) after an alternant vowel are ...
regarded as ending in §, not s." (Wi84¢c)., That is,
on the cne hand he suggests that RET1' could apply
twice~-once 1n the conversion of stem-final s to g
and once 1n the conversion of suffixal s to g--while
on the other hand he discounts the first of the two
possible appllications.

For another example of Whitney's skirting of
ordering problems we turn to his treatment of RETI1'

with respect to SPl and SP2, To account for the double

N B S L e e s, Y e .
32 RIS 5 P 1 s PR P PR

e s e e s
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S in hawilgsu Whitney says that "the alteﬁ:ation [ﬁETli{
takes place in the initial s of an ending after the

final s of a stem, whether the latter 1s to be regarded
as also changed to g or as converted into visar a" (w183).
Whitney seems to reaiize that RET1' and PAL1l should

follow SP1l and SP2; in W218 he says:

Final... ¢ reverts to its orig-
inal ... k, in 1nternal combi-

nation, only before the.,.. s
of a verbal stem or ending
{whence by 180 [RET1'] ,...

kg); before,.. t and... th,

;E everywhere becomes..,. S
(whence by 197 [prar2 1,..7
sf ando.. g¢h)

However, the "whence"s can reasonably be taken to refer
to the natural ordering of the rules rather than to a
crucial fixed ordering, The crucial cases are forms like
dwi?su, which show that RET1' must follow SP1l and SP2,
and that these rules cannot be freély ordered., Whitney
seems to miss this point entirely, for he cites dwi{su
not in connection with RET1' but rather in connection
with PALl; to his statement of the internal palatality
assimilation rule he appends the remark that "those

cases 1n which finalli becomes E.before su ... do not,

of course, fall under this rule" (W197c¢). The force of
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the "of course" in this sectlon is quite inexplicable,
although two sections later he provides a perfectly
good explanation for the absence of assimilation: "In
external combination ... an 1nitial dental after a
final liquid usually remalns unchanged; and su of the
loe, pl. follows the same rule" (W199),

We have no way of determining whether the
"whence"s in W218 refer to a fixed ordering or to a
natural ordering, although the evidence points to the
second interpretation: 1in addition to Whitney's fail-
ure to cite or discuss the crucial forms in thelr cor-
rect context, there is his general fallure to notice
simplifications that could be achleved by a fixed
ordering.

There is one instance in which Whitney can be
sald to have placed a fixed ordering on his rules, The
rules in question are the "rules of permitted finals'--
the abbreviation rule, the rule cf final devoicing and
deaspiration (see the next chapter) and a "reversion
rule" for palatals and h, These rules, according to

Whitney, are to be appllied bzfore any rules of external

sandhi (W152):

8
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For all the processes of exter-
nal combination--that 1s to
say, in composition and
sentence-collocation-~-a
stem-final or word-final is in
general to be regarded as hav-
ing, not its etymologlical form,
but that given it by the rules
as to permitted finals. From
this, however, are to be ex-
cepted the s and the r ...

This use of "baslc alternants," which Whitney has

adopted from the Indlan grammarians,12 is the only

clear ingtance of his intention to place a fixed

ordering on his rules--and this only to a very restricted

extent,

12 And which Allen 1962 attempts to expand into a theory

of phonology., Allen applies a sort of simpliclty
principle: the simplicity of a set of rules is
measured by the number of basic alternants that
must be assumed for the correct operation of the
rules, The basic alternants may, however, be
created from underlying forms by the application
of an 1nitial set of rules, On this basis, 1t is
desirable to have an initial rule that devolces
final obstruents (thus reducing the number of
basic alternants) plus a later external volcing
assimilation rule, Cf, our discussion in the
next chapter,
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Chapter 5,

Aspiration and Voicing

There are a number of sandhi rules that account
for alternations in aspiration and a number of rules
that account for voicing assimilations, Voilcing and
aspiration are, however, related in several ways, Sso
that we shall discuss both kinds of rules in this chap-

ter,

K
5.1, Grassmaq;s Law

An inspection of Whitney 1885 shows that no

Sanskrit root contains two aspirates, ‘There are roots
1like gf;g_'cut', EQEE-'shake', and QEQE_'know', but
none like g&iﬂﬁ or bMugl, This absence of "double
aspirates" is also evidenced in reduplication, for

an asplirate is always reduplicated as a non-aspirate

(W590a), For example,

Present Perfect
g&g& 'burst’ Qhalati Raghaala
EEE 'bear' biblarti ggbhaara
drs 'dare! dhrspauti dadharga
qhaauk 'approach’ @haaukatai guqhaaukai
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N1g fout ! chinatti cichaida
kNaad 'chew!' kPaadati caklaada
elus rsound’ ghaugati jughauga

Instead of accounting for these facts in two
separate places--once 1in a morpheme structure rule
and elsewhere in the rule(s) creating the syllable of
reduplication--we can employ a single rule, cordered
after the reduplication rule{s). From the cited forms
it iﬁpclear that thils rule, the familiar GrassmaSZS

neo

Laonperative in synchronic phonology, should be stated

so as to deaspirate the first of two aspirates:

et. L 1 — {(-tosl / [}cont]l [+tnsl

The operation of GL must be restricted to permit the

generation of such forms as biblrtPa and bibNrdwai

(2 pl. act, pres. and 2 pl, midd. pres,, respectively,

of gﬁg), in which an aspirate in an ending has no

effect upon a preceding aspirate in a root, The restric-
tion can be accomplished by requiring that the second

of the two aspirates be in a root (ef. SP2 in Section
4,1.2,):
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GL', [ ]-—)t—-tns] /S [+cont11 [Iggg'r&

Now that we have added Grassmaézs Law as a syn-
chronlc rule for Sanskrit, it is possible for the lexi-
cal representations of roots to contaln more than one
aspirate, And in fact, several roots (W155) have a
"mobile aspirate" that indicates that they should ve

represented as having two aspirates, Compare:

Present Perfect Future
budh baudlati bubaudha bhautsyati
band!  'bind'  badlnaati  babandla { blantsyati
bandhigyati
with
prach 'ask! prechati papracella  prakgyati

krud? 'be angry' 3rudhyati cukraudha krutsyati

Simllarly, for the corresponding root nouns we have:

nom, Sg. ace, Sg. inst, pl. loc, pl.
puah bhut budlam ohudblis phut o

bandh bhant bandham bhandbhis bhantsu




112,

but

nom sg. acc. sg. inst., pl. loc. pl.
path 'go' pat patham padbhis patsu
kxrudh krut krudham krudblis krutsu

In the case of such forms as blut and bPautsyati

(as opposed to budlam and baudlati) we seem to have the
following situation: the root contains two aspirates--
and thus is represented as bludh--and when the second
aspirate loses 1ts aspiration, GL' 1s lnapplicable. The
rule for this loss of aspiration is quite general; any
stop is deaspirated before a following obstruent {includ-

ing the obstruent #):
AV1, [}obsﬁl-—é-[}tns] / [}obsﬁ}

If Grassma&}s Law is stated as GL', it must follow AVl:
in the case of bludh + am, AVl would not apply, but GL'
would, so that we would obtain budlam; but in the case
of blud® #, AV1 would apply to yield bhlud #so that the

operation of GL' would be blocked.

5.2. Bartholomae's Law

The situation is by means as simple as it



appears to be, however. Problems arise when we con-

sider suffixes that begin with a volceless dental stop--
e.g., ta in the past participle, tum in the infinitive,
twaa in the gerund, tlas in the 2 du. act., tha in the

2 pl, act., and tas in the 3 du, act. In many cases no
unexpected forms occur; thus, from mad 'be exhilarated'’
+ ta we obtain, by the regressive assimilation of voicing
to be discussed 1in Section 5.5,1., matta.

But when a root-final voiced asplrate coml.: = .
with a following t or EE, the result 1s unexp-z:cted.
voiced non-aspirate followed by gf_(Bartholomae's Law,
W160), Thus,

Yy thas h
rud ‘olﬁf.»cso" + yilelds runddias :
T tas “““

lab® ttake' + ta ylelds labdla

The most obvlious way of treating these cases is to pos-
tulate a rule that aspirates and voices £ and 52 when
they follow a voiced aspirate:
[+obst1_ﬁ5 [4tns +obst
BL. {-cont +ved| / }-cont | +

+ved
+tns

BL would have to precede both AV1 and the ordinary
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volcing assimilation rule, and we would have such

derivations as

thas
ggggp + |tas § —> rund” + dlas —>
BL AVl

rund + dhas

1ab" + ta -—> lab” + d'a — 1ab + gla
— BL AVl

When we consider some further facts, however,
the solution above (which is essentially a formaliza-
tion of the traditional descriptions) becomes less
attractive, The complicating factor is the behavior
of double-aspirate roots like bPudl and bhand! in com-
bination with suffixes beginning with t and ﬂﬁ. From
bhuah + ta we obtain buddha, and from p'ad? + thas,

bandd’ys. Tt then follows that GL' must precede BL.
But we have already indicated that BL must precede AVl,
and that AV1 must precede GL'; hence, BL must pre-
cede QL’',

In other words, either these three rules apply
in a cycle, or else they must be reformulated: They
cannot, in their present form, be ordered with respect

to each other, It can be shown that no arrangement of
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of the rules (as they now stand), even in a cycle, é
will result in the generation of the correct forms |

buddli (bhudgh + ti) and bbutsi (bbudh + s1); see Sec-

tion 5.6, for the demonstration, Some reformulation

1s necessary, j

5.3. Reformulations

Instead of malntaining a general t‘or": of Grassmar::{s
Law and attempting to block unwanted applications of it
by means of the previous application of the deaspira-
tion rule, we suggest that the operation of GrassmaAZS
Law (as 1t applies in Sanskrit) is restricted to those :
situations 1n which the second aspirate 1s followed by é

a sonorant or by t or EE. If this restricted form of

n
Grassman,s Law, which we can refer to as GL", is ordered

before BL and AVl (and BL before AV1, as before), then

we have the following derivations:

bhugh + ta —> budh + ta —> budh + gha
GL" BL

—> bud + dha
AVl

pMud # — blud #
— " a1

bhugh + am —> budh + am
B ¢ 3 A -
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bhudh + dhwai — bhug + dhwai
AVl

pPud + 51 —»> bhug + s1 |
AV1

We note here that the form of BL, as given in
Section 5.2. above, 1s considerably simplified by vir-
tue of a special feature of Sanskrit endings. Because

the only obstruents that begin endings are s, ab, oh, ¢,,
th

.—’

T S Py e

and #, the class consisting of t and EE alone can

be specified simply as the voiceless stops,

+obhst
-cont
-ved .

n
The new version of Grassmaq:s Law can be for-

malized as

er". L J—> [-tns]/

Fobst]
o [+cont]1 {Iggga [—vcdt]

-con
~BND

The marking -BND prevents GL" from deaspiratin,: the

initial stop in bPud® #. This formulation is clumsy,
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at best, for the sonorants, t and Ef.do not constitute
a natural class, The clumsiness of this formulation
does not depend upon our decision to assign markings to
#; the two issues are qulte separate. Iet us search
for a more natural formulation,

We begin by noting the relative rarity of the
voiceless asplrates in lexical entries, 52 gE, and gﬁ
occur very infrequently. 2& occurs somewhat more often,
although 1t 1s nevertheless uncommon. In running text
(as indicated by the figures given in W75) the same
generalization holds, except in the case of EE, which
occurs fairly often in verbal endings. Now when a par-
ticular segment occurs only infrequently in the lexical
entries of a’ language, the phonemic status of that seg-

ment should be reconsidered; ceteris paribus, it is

likely eilther that the features of the segment are pre-
dictable from the features of other segments, or that

the segment is better represented as a cluster of seg-
ments with a more certain phonemic status. When an
entire natural class of segments is of infrequent occur-
rence, the likelihocd is even stronger. We have already
suggested that some retroflex consonants should be repre-
sented as clusters, We now suggest that the voiceless

aspirates should also be so represented.
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If voiceless aspirates are represented as clus-
ters consisting of voiceless stop plus 2—-that is, 1f
their aspiration 1is viewed not as a marking, but rather
as a separate phonological segment--then a natural for-
mulation of GL" becomes possible, and moreover our for-
mulatbn of BL can be simplified, What we shall do is

to oppose the sonorants and t(h) to s, gﬁ, and EE on

the basis of the laxness of the former segments as
agalnst the tenseness of the latter segments. The

n
final form of Grassman;s Law 1s then

AV2 (= GL"')., {-cont|-—> C-tosl /

-cont

E+conﬁl1 +tns |j-tns
+ROOT,

-BND

Furthermore, since in thds reformulation all aspirate
stops are voiced (at least until the operation of a
later rule creating voiceless aspirate stops from clus-

ters), BL can be simplified to

Av3 (= BL'). [robst] —> [+tns] / [+tns] + ___

T ey s
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119.

one speclifying

that all aspirates are voiced, and the other creating

asplirated stops from clusters,

-
+tns

AVY, .:con;L‘“7 [}vcd]

) -vead |
AVS., L—conél -consi""9
-ved 2

1

2

That 1is,

B |
+tns

|

-

The order of the rules is AV2-5 followed by AVl, Sam-
nle derivations:

bhugh + t(h)a  bhugh #  bhuab + an
AV2, Cbud? + t(h)a * bud + am
AV3, bud? + th(h)a vac *
AVY, budl + dM(p)a vac vac
AVS, bud? + dha x *
AV, bud + dla bhug # *

phugh + ghwai bhugh + si

AV2, * *
AV3, vac veac
AVh, vac vac
AVS, * *
AV, blud + dhwai bhud + si

o dr s
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5.4, Evidence

5.8,1., The Union Vowel

Evidence for the correctness of our analysis of
the voiceless aspirates (and also the retroflex stops)
as clusters can be found by examining the occurrence of
the union vowel 1 before three suffixes: ta of the
past particliple, tum of the infinitive, and twaa of the
gerund. In general, a root takes the unlon vowel
elther with all three suffixes or with none of them,
The correspondence is not perfect, however; some roots
have alternative forms--e.g., from 8ak 'be able', both
sakta and Sakita--and a few have the union vowel with
one suffix but not with another--e.g., from Jafm)bh
'chew up, crush', jabitum but Jjabdba,

For many roots 1t is difficult to find any
explanation for the occurrence or non-occurrence of
the union vowel. Some very interesting generaliza-
tions can be made, nevertheless, Whltney character-
izes many of the roots that take the union vowel as
"presenting difficulties of combination"(W956a); of

these roots, three types are of speclal interest to us:
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1, Roots ending in two consonants, with the
exception of those that drop a penultimate
nasal. Thus, ubjita from ubj 'force!
but baddla from band! (actually, bland?, as
we have seen), The generalization is
quite reliable for this class of roots,
and the "difficulties of combination"
are obvious, However, roots ending in
ks (that is to say, § + s) do not invari-
ably take the union vowel: of the thir-
teen roots in ks for which Whitney 1885
cites at least one of the three forms in
question, one (kaafks) clearly ends in a
consonant cluster and takes the union
vowel, one (Jaks) is a special case that
we will discuss in a following section,
eight take the union vowel, and three
(aks, caks, and taks) do not. It is not
unexpected that there should be some vari-
ation here, for & + s + t is not, strictly
speaking, a "difficult" combination.

There 1s always the possibility of trans-
forming the combination into g§f (as in

asta, castum, tagta) by means of the rules

in the previous chapter,.




122,

"A1l rooté] that end in linguals
(1including s after a or &)" (W956a2).
Whitney's Jjudgment that these roots
present difficulties of combination
is puzzling. If these roots end in a
single retroflex consonant (as Whitney
assumes they do), we should expect an
assimilatl on of retroflexion (Section
4,2,1.); agfa would be the ordinary
resultant of at + ta (from at 'wander').
However, we have argued that root-final
retroflex stops should be represented
as clusters with 1 as first member,
The fact that all roots ending in
these postulated clusters invariably
take the union vowel provides further
support for our argument, We can pro-
vide an explanation for the occurrence
of the union vowel with these roots:
Such roots are merely additional exam-
ples of roots ending in two consonants.
Of the four roots ending in "un-

predictable" g (i.e., in the postulated
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cluster 1ls), three (kag, bhag, and

lag) occur only with the union vowel,

For the fourth, bhaag, the forms

bhaasita and bhaasitwaa are the only

attested past participle and gerund,
respectively, although both bhaagitum
and bMaagjum are attested as infini-
tives, We would expect the union
vowel in every case, so that blaagtum
i1s an exceptional form,

In the case of roots ending in
"predictable" 3, we would expect no
union vowel, There 1is no particular
difficulty of combination here, even
though Whitney appears to have included
these roots under the heading "all

that end in linguals," Of the thirty

roots with at least one of the rele-

P vant forms attested, sixteen never
take the union vowel, ten always take
it, and four are variable (gfgg ‘dare':

dhr§§a or dlrgita; mus 'steal': mugia
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or mugita, but mugitwaa; rus 'be

vexed': rugta or ruglta; wrs 'rain':

wrgfa and wrgfwaa, but wargitum),

The treatment of "predictable"
3 is thus qulte variable, However,
the treatment of roots ending in a
single consonant is 1in general vari-
able--e.g., of the twenty-two roots
ending in p (preceded by a vowel) for
which the relevant forms are attested,
ten never take the union vowel, five
always take 1t, and seven are variable.
There seems to be no generalization
possible for roots ending in a single
consonant,
All roots ending in voiceless aspirates,
Once again, Whitney's Judgment that we
are confronted with a difficult combina-
tion is incomprehensible, If these roots
end in a single stop (as Whitney assumes
they do), then we should expect the stop
to be deaspirated (by AV1); gratta
would be the ordinary resultant of
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R

gratl + ta (from grath ‘tie'). How-
ever, we have argued that voiceless
aspirate stops should be represented

as clusters with 2 as a second member,
The fact that all roots ending in these
postulated clusters invariably take

the union vowel provides further sup-

port for this argument,

5.4,2, Consonants of Reduplication

We have presented positive evidence that voice-
less aspirates should be represented as clusters., It
remalns for us to present non-negative evidence--~that 1is,
we must show that such a representation, while simplify-
ing some descriptions and permitting new explanations for
certain phenomena, does not at the same time necessi-
tate complication in the description of other phenomena,
In the case at hand, the method of formation of redupli-
cating syllables provides relevant non-negative evidence,

Consonants are reduplicated in the same way in
each of the formations involving reduplication (the
present system of the reduplicating class, the perfect
system, the reduplicative aorist, the intensive, and

the desiderative). The only complication occurs in



the intensilve,

126,

in which both the final and initial

consonants of the root are reduplicated., We are here

concerned only with the reduplication of initial con-

sonants.,

Thus,

The general principle (W589) is as follows:

1.

Cluster

If the root begins with a single con-
sonant followed by a vowel, that con-
sonant is reduplicated.

If the root begins with a consonant
cluster, one of the consonants in

the cluster is reduplicated. In

the case of a spirant-plus-stop
cluster, the stop 1s reduplicated,
Otherwise, the initial consonant of

the cluster 1s reduplicated.

Reduplicatingrcénsonant

|~

jo

joa

I~
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Two further conditions are traditionally added
to this principle:

3. An aspirate is reduplicated as a
non-aspirate,

4, A velar or h is reduplicated as a
palatai,

Let us consider condition (3). When the con-
sonant to be reduplicated 1s a voiced aspirate, deas-
piration 1is accomplished by Grassmaé&s Law (in any of
i1ts versions). In the early versions of Grassmad?s Law,
this rule alsou accounted for the deaspiration of voice-
less aspirates, However, in its final form {(as AV2)
Grassma&js Law is no longer related to the deaspira-
tion of volceless aspirates, which are now clusters.
Instead, condition (2) above explains the lack of aspi-
ration: Because Eg is a cluster, only the initial con-

sonant, t, 1s reduplicated. No complication 1s intro-

duced by the new representation of th,

5.4.3. The Root Jjaks

Having established rules AV1-5, we are now in
a positlon to discuss the root Jjaks 'eat', an excep-
tion to our treatment of roots in ks in Chapter 4,

In most of the attested forms of jaks the ending

or suffix begins with a sonorant, so that the root shows
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ks, However, there are a number of attested forms
showing the rcot in combinatlion with a t--3 sg. act,
pres. jagdhi, past participle jagdla, infinitive Jagdhum,
gerund Qagdhwaa. In every example we observe that the

t has become gh--a state of affairs that could only

have resulted from an application of AV3 (Bartholomae's
Law). But AV3 1s applicable only when the root ends in
a voliced aspirate, We conclude that the root is cor-

rectly represented as Jaghs (and not jaks, Jjags, or Jaé + 3),

and that we have another example of the application of

SP3 (Spirant Deletion):

jaghs + ta —» Jagh + ta —> Jagh + tha
SP3 AV3

—> Jagh + ¢ha —= jag + dla
AVY AV1

In a few forms of the s-aorist we can observe
SP3, AV3, AV4, and AVl again operating together (W881d).
Thus, from the root ruin!dh we have 1 sg. midd. arutsi
and 3 sg, midd. aruddha:

&+ rmd rud + 8 + 1

a + rudh +8+ 1 —> a +
= a1 -
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a+rudh + s + ta —» a + rudh + ta
- - - T/ 8P3 —

~—> a + rudl + tha —r
AV3 T AVY4

a + rudh + dha ~» a 4+ rud + dha
- AV1 - -

Our decislon about the representation of jaks
teat! 1s supported by the relationship between this
root and the root gﬁgg, also 'eat'; Jaks is then a
reduplicated form of ghas: Jja + gls, There is a
simllar relationship between another root Jjaks 'laugh!’
and the root has, also 'laugh'.

Another form with "zero-grade" of a root, as
in Jja + gﬂg is of some interest in connection with
the aspiration rules: bapsati, 3 pl. act., pres, of

vlas 'devour', in contrast to the 3 sg.act. pres.

bablasti These are forms of the reduplicating pres-
ent; the underlying forms are presumably bhia + bhs + a + ti

and pbha + bhgs + £i1, respectively., However, from

bha + bhs + a + ti we would expect to derive blapsati,
becauws e the s following the second EE blocks the applil-
cation of AV2, We must assume that the reduction of

the root occurs after AV2 and before AV1l, so that the
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derivation proceeds as follows:

bha + bhas + a + t1 —3
AV2

ba + blas + a + t1 —>» ba + blls + a + ti

~>» ba + bs + a + ti
AV1
For the 2 pl. act. impv. of dlaa 'place'-~-
dhatta, presumably from the reduplicated form

dha + dhaa + ta with reduction of the root to al-.our

rules predict daddla., ILehmannl suggests that a root-final
laryngeal (our h) would block AV3, Indeed it would;
it would also block AV2 (because h is tense) so that

from dla + dhh + ta we would have the derivation

dla + ahp + ta —> dha + dh + ta

- AVS

~—> ghg + 4 + ta
AV1 — - —

(whence dlatta)

But in thils example the root must b2 reduced before

1 Lehmann 1955, p. 83.
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AV2 (otherwise AV2 would apply), whereas in the pre-
vious example we required that the root be reduced
after AV2, We have at present no way of resolving this
apparent contradiction, Certainly Lehmann's postula-

tion of h must be examined more carefully,

5.5. Voicing Assimilation

5.5.1., Internal Volcing Assimilation

We have already cilted many forms 1llustrating
the operatlion of the rule of internal voicing assimi-
lation: an obstruent assimilates in voicing to a fol-

lowlng obstruent., Formally:

AV6, E—!—obstl —> E‘ vcd] / ____E:Sgst

There are very few forms that provide any sort
of evidence about the ordering relations between AV6
and other rules, The examples 22§23_+ ta and
a + rudl + s + ta in the previous section indicate
that AV6 must follow SP3; if the ordering were reversed,
the outputs would be Jjakta and arutta, respectively.
AV3 and AV4 must also precede AV6, since together AV3
and AV4 have the effect of a progressive voicing assi-
milation. That is the extent of the evidence on order-

ing.
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5.5.2. External Volcing Assimilation

The assimilation in external, as in internal,
sandhi 1s regressive., It is more general, however: a
final obstruent assimilates in voicing to any follow-

ing initial segment, obstruent or sonorant:

av7. [+ ovst] —> (acved] /  #(#) E{ vcd]

The traditional discussion of this rule is
somewhat complicated by the postulation of a special
"permitted finals" rule tha* devoices all word-final
obstruents, There is no necessity for any sort of
speclial rule, for AV7 will adjust the volcing correctly
in every context except before absolute pause., And
this case can also be handled if we {quite reasonably)
assign the feature -ved to the boundary §.

We have as yet very little evlidence about the
position of AV7 within the set of rules. This matter
w111l be discussed in the next chaoter,

Ad justments in the form of AV7 wlll be made in

Section 6.1.1.

5.6. Appendix
In this appendix we show that no arrangement
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of Grassma%}s Law (GL), Bartholomae's Law (BL) and
the deaspiration rule (AV1l) yield only correct out-
puts.if these three rules are formulated as in Sec-
tions 5.1, and 5.,2. This result holds even if it 1s
assumed that the rules apply in a cycle.

There are six possible arrangements of the
three rules, In the tables below each possible arrange-
ment 1s examined to determine the effect of the rules
on the two underlying forms phudh + ti and bhudh + si,
Incorrect output forms are marked with the sign ¢ at
the bottom of the column, Assimilation of voicing 1s

disregarded.,

l. Order: GL, BL, AVl,

GL, pudh + 1 budl + si

BL. bug? + ghi *

AV1, bud + dhi bud + si
¢

2, Order: 6L, AVl, BL,

GL. bud? + ti bud? + s1
AV1, bud + ti bud + si
BL, vac vac

¢ ¢
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3. Order: BL, GL, AV1l,

BL,
QL.
AVl,

bhud + ght
pud? + ghi
bud + dni

4, Order: BL, AV1i, GL,

BL.
AVl,

GL.

5. Order: AV,

AV1,
GL,
BL,

6. Order: AVl,
AVl,
BL.
GL.,

blugh + ght
bhud + ghi
*

GL, BL,
blug + ti
*

%

BL, GL.
tud + t1
%*

*
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budh + si

bud + §i

bhud + si

bud + si

*

%

b'ud + si
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It 1s of course possible that the rules might
apply cyclically. In each example GL would apply only
on the first pass; we indicate below the effects of

the second pass on the forms budl + ti and budl + si.

7. Order: GL, BL, AVl

GL. vac vac

BL. pud® + gh1 * ‘

AV1, bud + dhi bud + si
¢

8. Order: GL, AVl1, BL,

GL. vac va:
AV1, bud + ti bud + si
BL. * *
¢ ¢
9. Order: BL, GL, AV1. i
BL, bud? + g1 x
GL,. vac vac |
AV1, bud + a1 bud + si

¢

e Femal 1s =3 x "t eyl e et 3 e e e, SN e e



10. Order: BL, AV1, GL

BL. bud? + a1
AV1. pud + ahi
GL. *

11, Order: AVl, GL, BL.

AV1, bud + ti
GL. *
BL. *

¢

12, Order: AVl, BL, GL,

AVl, bud + ti
BL, *
GL, *

¢

bud +

136.

In each of the twelve methods of ordering, at

least one of the output forms is incorrect.
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Chapter 6
The Sandhl of r and s

6.1, External Sandhi

In Chapter U4 we treated the external sandhi
of 8 and § before volceless initlals. In the follow-
ing sections we snhall discuss the remaining cases and
their relation to the rules of vowel sandhi {Chapter 2).
Emeneau's rules for the sandhi of s and r:
Ell, "-3 and -r, final in phrase or
before a sibllant or a voiceless

lablal or velar stop, are replaced

by 1:1."

El2, "-s and -r, before a voiceless pal-
atal, retroflex, or dental stop,
are replaced by the sibilant cor-
responding to the stop."

E13, "-as plus initial a yield o."

El14, "-as before any other vowel than
a loses s and hiatus remains,"

E15., "-as before a voiced consonant is
replaced by o."

E16. "-as before a voiced sound loses

s, and 1f the volced sound is a
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E18.

E21.,
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vowel, hiatus remains,"

"Any other case of
of -r, before r is
lengthening of the
if 1t 1is short.”

"Any other case of
volced sound other
repleted by r."

"Any other case of

-3 and any case
dropped with

preceding vowel

-3 before any

than -r, is

-r remains, i.e,

before other volced sounds than
itself."
(E19 and E20 deal with three exceptional

forms, )

6.1.1, Sandhi After Noncompact Vowels

Rules E1l1 and E12, as they apply to g/g, have
already been discussed, It remalns to adjust or add
to the rules we already have so that r before volce-
less initials wlll be treated in exactly the same way
as s and g. That is, we must elther adjust PAL2 (Ex-
ternal Palatality Assimilation) and SP4 (Spirant Assimi-
lation) so that r will be affected by these rules, or
we must make r indistinguishable from g by the time

these two rules apply. The second of these two courses
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is the simpler, if we assume that AV7 (External Voic-
ing Assimilation) applies to r and that AV7 1is ordered
before PALZ and SP4, Then AV7 creates a voiceless r
(which we shall denote by T_i) before voiceless initials,
A rule must then be added to shift R to g--a change in
the features of obstruency and vocallcity only,

Next we notice that a rule to shift z to r 1s
also needed, Thils rule will have the same effect as
E18, since "any other case of -s before a voiced sound"
will be retroflex (E13-16 handle those cases of final
s to which RET1' is not .applicable) and voiced (by AV7).
The shift of R to s and the shift of Z to r can be
combined into a single rule, RS1 (an 't<=>s" rule).

The revised form of AV7 and the new rule RS1 are as

follows:

AVT!, [tﬁg:sl—)twvcd] / _ ##) (e vedl

+cons - o obst
RS1. +cont | —> & yoc

~<vcd

AV7t! cannot be generalized to affect all +cons segments,

since the nasals are not devoiced before voiceless

initials.
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Examples (involving punar 'again'; ca''and'; srpauti,
3 sg. act. pres. of 3ru 'hear'; agnis, nom. sg.

of agni 'Agni'; and ati 'beyond')

punar ## ca -—2 punaR #f ca -2

AVT! RS1

punag ## ca — punad ## ca
— PAL2 —

t

punar ## drgauti —  punaR ## $rpauti
T ————— A =t Wrevery

— punas ## Srpauti ~—>
RS1 - SP4

punas ## Srpauti —=>
VIS2
(opt)

punal ## Srpauti

agnis ## atl —  agnils ## ati
RET1'

~—>  agniz ## ati
AVT! RS1

agnir ## ati

We turn now to E17. If this rule is ordered

after RS1, then there i1s no need to specify "any other
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case of -8"; the rule will apply simply to any r fol-
lowed by initlial r. Since the natural source of a
tense vowel 1is a cluster of two like vowels, we order

this rule before the rules for vowel sandhi,

) _ [ +voc +voce
l--i-voc +cons +cons
RS2, L -cons|l+compl#(#) +comp > 11 3

1 2 3

Examples (involving the voe. sg. of ratna 'jewel!'):

punar ## ratna — punaa ## ratna
RS2

agnis ## ratna —=> agnis ## ratna
RET1!

—> agniz ## ratna —>
AVT! RS1

agnir ## ratna — agnii ## ratna
RS2

We have so far established the followlng ordering:
RET1', Retroflexion of s.
AV7', External Voicing Assimilation.
RS1l., re—> s.
RS2, Simplification of rr.
Rules for the sandhi of az and aaz (as and

aas before voiced initials will al-
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ready have been affected by AV7!')

and for vowel sandhi; PAL2, External
Palatality Assimilation; SP4, Spi-
rant Assimilation,

VIS1-3. Visarga rules,

The effects of E11l and E12 together are pro-
duced by AV7', RS1, PAL2, SP4, and the visarga rules
together, The effect of E18 is produced by RET1',

AV7', and RS1., The effect of E17 is produced by RET1',
AV7', RS1, and RS2, E21 does not need to be explicitly
stated, of course. It thus appears that we have replaced
five rules of Emeneau's by nine rules of our own (RET1',
AV7', RS1, PAL2, SP4, RS2, VIS1-3). HKowever, RETL', AVT',
and PAL2 are motivated on quite independent grounds,
Morcover, Emeneau's statement of the conditions on the
appearance of visarga 1is oversimplified; our rules

take account of the varlation between vlsarga and splrants.
Finally, our rules are simpler than Emeneau's would be

if his were directly formalized in terms of distinc-

tive features,

6,1.2. Sandhi after a and &

We are left with four of Emeneau's rules (E13-E16)
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to account for; 1in slightly more formal versions

these rules are

E13. 2z ## & —» O
o +voc
El4, az g4, \-cons (-1 3 &4
+tns’
12 i
-comp
b
- +voc
E15. az H#£ [--consﬂ *> 034
12 3

E6, z — /8 - #

—

A1l four rules involve the deletion (or at
least the disappearance) of a z, a segment that hap-
pens not to occur anywhere in Sanskrit anyway. E13
and E15 are similar in that they involve the appear-
ance of an o, We have already discussed the deletion
of initial a called for by E13 (VOW6 in Section 2.3.)

It then appears that E13-E16 could be trans-
lated into two rules--the creation of o in certaln
environments followed by the general deletion cf z,.
Iet us first consider the deletion of z. On one hand

{a) there is the case of the combination ég ## 1.
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Here the deletion of z must precede VOW6, for other-
wlise the inltial é_would not be deleted; the resultant

of nalaz ## ati (nalas, nom. sg. of nala 'Nala') is

nalati, not nalawati. But on the other hand (b) there
1s the case of Eg before any vowel excep?t é, and also
the case of &z before any vowel, Here the deletion of
z must follow VOW3' (Mid Vowels) and VOWA4' (Postvocalic
Glides)--and hence must follow VOW6--because the hiatus
resulting from the deletion remains; the resultant of

nalaz ## iti 1is nalaiti, not naleti, and the resultant

a -
of kamaaz ## iti (kamds, nom, pl. of kaama 'love') is

kamgiti, not kameti,

We are forced to postulate two z-deletion rules;
for case (b) a late rule prescribing the general dele-
tion of z, for case (a) an earlier rule prescribing
this deletion only in certalin circumstances, The late
rule 1s simply

+obst
3. i+cont1 -2 g
+ved
For case (a)--and the related case of ég before

an initial consonant--we note that the natural source

of an o 1s the cluster au, so that the most obvious
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method of creating an o would be to insert a u after
the a in az; the z would be deleted, and VOW6 would
apply. However, several considerations welgh against
this approach,

First, the u-insertion rule is by no means
simple. The rule would be "Insert u between E and
Z when the z is final and when an initial non-vowel
or an initlal vowel other than é_follows." A com-
pletely formalized version of the rule would take one
of two forms, depending upon its ordering with respect
to VOWl', If u-insertion precedes the coalescence of

like vowels, the simplest version of the rule is

+voc
-cons
g—> | +grv |/
~comp
[{-!-cons” +voc‘{ +cons
-voec -cons ~-voce
+comp ; +cont

ol ]

If u-insertion follows the coalescence of like vowels (so

that we are dealing with lax vs, tense vowels, instead
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of single segments vs. clusters), the simplest ver-

sion of the rule is

+voc
-cons
g2 l+grv |/

~comp

+voc -

-cons +cons

+comp ~voc‘1

-tns +cont i
+voc -

## | | ~cons +cons

+comp
-tns -voe

Second, the early z-deletion rule is not a
general rule, for the instances of z in case (b) must
not be deleted. In fact, z~-deletion would take place
if and only 1f the z followed a u, so that the applica-
bility of the z-deletion rule would be logically
equivalent to the applicability of the u-insertion
rule that it immedliately follows. In such a situa-~
tion it 1is pointless (and indefensible, on the grounds
of simplicity considerations) to postulate two rules.

In the absence of evidence for postulating two
rules or for an alternative analysls, the most direct
method of accounting for case (a) 1s to add the rule

"Replace final z by u when 1t 1s preceded by'é'and fol-
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lowed by a non-vowel or by a vowel other than’g." The
change of z to u is certainly an unnatural one, since
z and u share hardly any markings (they are both con-
tinuant, noncompact, and voiced), Nevertheless, this
single z-—> u rule is simpler than a u-insertion rule
followed by the deletion of z after u. As was the case
with the u-insertion rule, the z -—3 u rule cculd be
ordered either before or after VOWl'. We provide here

[ ]
a formalized version of the rule as it applies after

VOWl!':
" ~cons ]
+voc
+cons -0bst
RSk, { -voc {-> | +grv | /
+cont +f1
L ~-tns o
+voce +voc \
-cons -cons +cons
+comp +comp :
~-tns ##\ | -tns -voc ) j§
Examples:

nalaz ## ati —>» nalau ## ati —>
RSY4 VOW6

nalau ## t1i —> nalo ## ti
VOW3!
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nalaz ## naama -—> nalaz ## n&ma
VOW1l!

~ nalau ## nfma ~—7
RS4 VOW3!

nalo ## nama

Compare:

satrauz ## ati —>  Satroz ## ati
VOW3!

—> Jatror ## ati
RS1

Satruz ## atli —> satrur ## ati
- RS1 — T

-~ 1
(nama, nom, sg. of naaman 'name'; satros and éatrus,

gen. sg. and nom, sg., respectively, of Satru ‘enemy' )

6.2. Internal Sandhi

In internal sandhi the treatment of 8 before

obstruents is as follows (W166, 414):

(a) Before (#)s, t(h): s
(b) Before gh: deletedl

1 or possibly, in some cases, converted to d (W166, 232),
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(c) Before bl': as becomes o; after

any other vowel, s becomes 3,2

The rules in previous sectlons do not affect s
in case (a). Case (b) 1s already handled by AV6 (In-
ternal Voicing Assimilation) and RS3 (z-Deletion):
$sd™1, 2 sg. act. impv. of Saas 'order' 1is obtained

by the derivation

daas + gh1 —> $8s + g1 —>

VOW1! AV6

Sgz + a1 —» 53 + a4
RS3
In case (¢) we have in fact the same phenomena
as in external sandhi before an initial voiced con-

sonant, The instr, pl. forms manobMis (man + as 'mind')

hawirblis (haw + is 'offering), 9§k§prbhis (cas + s + us

teye')~--compare the loc, pl. forms manassu, hawigsu,

cakgugsu--are analogous to mano ## blawati, Aewir #‘#(5”4«4{5)

cakgur ## blawati. Hence bhis, like su, should be

represented with an initial #. We then have the deriva-

C In the case of noun stems ending in as, 1s, or us,
Whitney 1lists no "normal" treatmen® of root-final

s, only two sets of presumably exceptlonal phe-
nomena (W167, 168).
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vations (disregarding any changes in the 8 of bhis)

man + as # bMs > man + az # blis
man + as avpr et EE

—> man + au # blis —>
RS4 VOW3!

man + o # bllis

haw + is # bs —  haw + 1g # bMis
— = RETI' — - —

—>  haw + 1z # b™Ms > hawir # blis
AVT! - RS1
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Appendix:
Summary of Rules and Ordering

The rules presented in this work are listed below
in the order of their appearance., With each rule is
given the number of the section in which it is first

discussed, Final versions of rules are starred,

VOWl. Coalescence of Like Vowels (2.2)
*VOW2. Prevocalic Glides (2,2)

VOwW3. Mid Vowels (2.,2)

VOW4, Postvocalic Glides (2.2)

*VOWS. Laxing of 3 (2.2)

VOWl'. Revision of VOW1l (2.4)

*VOW6. a-Deletion (2.4)

*VOW7. y-Deletion (2.4)

*VOW3'. Revision of VOW3 (2.4)

*VOW4!', Revision of VOwd+ (2.4)

RET1. Retroflexion of s (3.1)

*RET2. Deretroflexion of § (3.1)

RET3. Retroflexion of n (3.2)

*RETY4, Deretroflexion of n (3.2)

*RET5. Retroflexion by 1 f3.3)

*RET6., l-Deletion (3.3)

RET7. Internal Retroflexion Assimilation (3.4)



RET8. External Retroflexion Assimilation (3.4)

*RET1', Revision of RET1 (3.4)
*RET3'. Revision of RET3 (3.4)
*SP1, First Spirant-Shift (4.l.2)
*SP2, Second Spirant-Shift (4.1.2)
*ABBR. Abbreviation (it.l.4)

*SP3. s-Deletion (4.l.4)

152,

*PAL1l (RET?7'). Internal Palatality Assimilation (4.2.1)
*PAL2 (RET8'). External Palatality Assimilation (4.2.2)

*SP4. External Spirant Assimilation (4.2.3)
*SP5, § —>ch (4,2,4)

*SP6, Spirant Insertion (4.2.5)
*WISl. £/x —> § (k.2.6)

*VIS2. Visarga before Spirant (4.2,6)
*VIS3. Visarga in pausa (4.2,6)

GL. Grassmann's Law (5.1)

GL'. Revision of GL (5.1)

*AV1, Deaspiration (5.1)

BL. Bartholomae's Law (5.2)

GL''. Revision of GL' (5.3)

*AV2, Revision of GL'' (5.3)
*AV3. Revision of BL (5.3)

*AVl4, Tense Stops (5.3)
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*AV5. Aspirates from Clusters (5.3)

*AV6. Internal Volcing Assimilation (5.5.1)
AV7. External Voicing Assimilation (5.5.2)
*AV7', Revision of AV7 (6.1.1)

*RSl. r<> 8 (6.1.1)

*RS2., Simplification of rr (6.1.1)

*BS3. r-Deletion (6.1.2)

*RSt, 2 -»u (6.1.2)

The ordering restrictions on the final versions of
these rules are summarized in the chart on the next

page,




A
AVS  AV6
mlrl RS3 ABBR PALL
%
SP5
PAL2
SPh4
VISl  VIS2

RS1

RS2 VIS3
VOW1'*

TOWS RF4

y

\ Vowé
o
Vow !

Vow?7
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