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It is s u r p r i s i n g that a topic that be longs to the c l a s s i c a l t h e o r y of 
d i f fe ren t i a l equa t ions should s t i l l be of g r e a t c u r r e n t i n t e r e s t . The 
b ib l iog raphy shows that about half the c i t a t ions da te s ince the end of 
World War II. F u r t h e r m o r e a p e r u s a l of th is work ind ica t e s that t h e r e 
a r e s t i l l n u m e r o u s open ques t ions r e g a r d i n g H i l l ' s equa t ion . 

B a s i c a l l y H i l l ' s equat ion i s a second o r d e r , l i nea r , f o r m a l l y self-
adjoint, homogeneous d i f fe ren t i a l equat ion with p e r i o d i c coef f i c ien t s . 
It is named after the A m e r i c a n a s t r o n o m e r G. W. Hill , who encoun te red 
equa t ions of this type in h i s s tud ies of the m o t i o n of the lunar p e r i g e e . 
His work was f i r s t publ i shed in 1877. Subsequent ly Lyapunov developed 
the t h e o r y c o n s i d e r a b l y f u r t h e r . But his work r e m a i n e d r e l a t i v e l y un
known unt i l i t appea red in a F r e n c h t r a n s l a t i o n in 1907. An Eng l i sh 
t r a n s l a t i o n has been p r o m i s e d for the n e a r f u t u r e . 

What m a k e s H i l l ' s equa t ion i n t e r e s t i n g to w o r k e r s in m a n y b r a n c h e s 
of m a t h e m a t i c s a r e the m a n y app l i ca t ions , in addi t ion to the p u r e l y 
m a t h e m a t i c a l ques t ions tha t a r e r a i s e d . Appl ica t ions have b e e n found 
in connect ion with p a r a m e t r i c a m p l i f i e r s , quan tum m e c h a n i c s , l i nea r 
a c c e l e r a t o r s and s tab i l i ty t h e o r y of o sc i l l a t i ons in n o n - l i n e a r p e r i o d i c 
s y s t e m s . The m o s t f amous s p e c i a l c a s e of H i l l ' s equat ion, n a m e l y the 
Math ieu equat ion has m a n y app l i ca t ions and an e n o r m o u s l i t e r a t u r e d e 
voted to i t a l r e a d y . 

In the p a s t two outs tanding s u r v e y a r t i c l e s by K r e i n and S t a r z i n s k i i 
have a p p e a r e d , devoted to th i s sub jec t . Both a r e ava i l ab le in Eng l i sh 
t r a n s l a t i o n . The book under r ev iew, a l though quite comple t e and self-
contained, p r e s e n t s a wea l th of m a t e r i a l without s e r i o u s ove r l ap with 
the above s u r v e y a r t i c l e s or o ther m a t e r i a l ava i l ab le in the book l i t e r a 
t u r e . T h e r e a r e two p a r t s in the p r e s e n t book. The f i r s t one c o n s i s t s 
of two c h a p t e r s and is p r i m a r i l y devoted to the g e n e r a l t h e o r y . The 
second p a r t c o n s i s t s of five c h a p t e r s devoted to m o r e speci f ic r e s u l t s . 
It would have b e e n i m p o s s i b l e to p r o v i d e comple t e p roo f s for a l l the 
t h e o r e m s c i t ed . But in e v e r y c a s e w h e r e a t h e o r e m is s ta ted without 
proof a l i t e r a t u r e r e f e r e n c e i s p r o v i d e d . 

The p r i m a r y focus of Magnus and s o m e of h i s c o - w o r k e r s has 
been the s t r u c t u r e of the d i s c r i m i n a n t of H i l l ' s equa t ion . This i s a 
function of a p a r a m e t e r tha t g e n e r a l l y a p p e a r s in the equat ion and i s 
e s s e n t i a l l y an e igenva lue p a r a m e t e r . A full knowledge of the d i s c r i m i 
nant t e l l s one i m m e d i a t e l y for which va lue s of the p a r a m e t e r X p e r i o d i c 
so lu t ions ex i s t , and a l so whe the r for any p a r t i c u l a r va lue of \ the 
so lu t ions a r e s t ab le or u n s t a b l e . One of the big unknown ques t ions r e 
gard ing the d i s c r i m i n a n t i s the fol lowing. To what ex ten t does a full 
knowledge of the d i s c r i m i n a n t a l low one to r e c o n s t r u c t the d i f fe ren t i a l 
equa t ion? Some t h e o r e m s tha t p e r t a i n to p a r t i c u l a r types of d i s c r i m i 
nan ts due to B o r g and Hochs tad t a r e d i s c u s s e d . T h e s e in t u r n a r e in
t ima te ly r e l a t e d to the n a t u r e of the s tab i l i ty i n t e r v a l s to which a full 
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chap te r i s devoted . Many a sympto t i c r e s u l t s due to B o r g a r e d i s c u s s e d 
in d e t a i l . 

Magnus has m a d e ex tens ive s tud ies of the d i s c r i m i n a n t , and in 
p a r t i c u l a r i ts dependence on the F o u r i e r coefficients of the p e r i o d i c 
coefficient in Hi l l ' s equat ion. These a r e s u m m a r i z e d and d i s c u s s e d 
fully. Another chap te r is devoted to the g e n e r a l coex i s t ence p r o b l e m . 
This c o n c e r n s i tse l f with the ques t ions of when can a Hi l l ' s equat ion 
have two l i n e a r l y independent p e r i o d i c so lu t ions . F o r the Math ieu 
equat ion for example it is known that coex i s t ence cannot a r i s e , u n l e s s 
the equat ion d e g e n e r a t e s to a h a r m o n i c equat ion . A n u m b e r of c l a s s e s 
of Hil l equat ions a r e d i s c u s s e d , w h e r e e i the r p a r t i a l or comple t e a n s w e r s 
can be p r o v i d e d . A final chap te r i s devoted to a n u m b e r of s p e c i a l Hil l 
equat ions for which detai led in fo rmat ion i s ava i l ab l e . 

This book p r o v i d e s a weal th of in fo rmat ion r e g a r d i n g H i l l ' s equa t ion , 
m o s t of which was up to now only ava i lab le in the p e r i o d i c a l l i t e r a t u r e . 
The a u t h o r s p r o m i s e another vo lume that wil l be devoted to the m a n y 
i n t e r e s t i n g appl ica t ions of H i l l ' s equat ion in the p h y s i c a l s c i e n c e s . It is 
to be hoped that we wil l not be kept waiting long for this companion 
v o l u m e . 

H. Hochstadt , Po ly t echn ic Ins t i tu te of B rook lyn 

Handbook of Lap lace t r a n s f o r m a t i o n , by Floyd E. Nixon. P r e n t i c e -
Hall , Applied M a t h e m a t i c s s e r i e s . Englewood Cliffs, N. J . , 1965. xi i + 
260 p a g e s , second edi t ion . 

Accord ing to the p r e f a c e ' th i s book is intended as a p r a c t i c a l guide 
or r e f e r e n c e for those a l r e a d y f a m i l i a r with the Lap lace t r a n s f o r m and 
a s e l f - s tudy book for those who want to l e a r n the L ap l ace t r a n s f o r m a t i o n . ' 

The book c o n s i s t s of 8 c h a p t e r s . 

Chapter 1 dea l s with d e t e r m i n a n t s and d e t e r m i n a n t man ipu la t ion 
t e c h n i q u e s . Chap te r s 2, 3 and 4 give roo t finding m e t h o d s and f requent ly 
used iden t i t i e s including the de r iva t i on of m a n y i m p o r t a n t L a p l a c e t r a n s 
f o r m t h e o r e m s . Chapter 5 conta ins a newly added ex tens ive d i s c u s s i o n 
on r e c u r r i n g wave f o r m s which evolves the theory r e q u i r e d for u n d e r 
s tanding p r a c t i c a l des ign p r o b l e m s and m e c h a n i c a l v ib r a t i ons due to in 
pu ts and e l e c t r o n i c f i l t e r ing wave f o r m s . In chap te r 6 se lec ted L ap l ace 
t r a n s f o r m s e x a m p l e s a r e given. F ina l ly in c h a p t e r s 7 and 8, t ab les a r e 
given for L a p l a c e t r a n s f o r m ope ra t ions and Lap lace t r a n s f o r m p a i r s . 

The book should be v e r y useful for E n g i n e e r s and P h y s i c i s t s . 

R . K . Saxena, McGil l U n i v e r s i t y 
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