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CHAPTER 1

T H E  P R O B L E M  AND IT 'S  B A CK G RO U N D  

I n tro d u c tio n

S in c e  th e  f i r s t  e le c t ro n ic  c o m p u te r ,  E N IA C , b e c a m e  o p e r a 

t io n a l  in  1945, th e  d e v e lo p m e n t and  u s e  of c o m p u te r s  h av e  had a  

m a jo r  im p a c t  on s o c ie ty .  T o  m o s t  p e o p le  th e  c o m p u te r  i s  a  to o l,  

so lv in g  in  s e c o n d s , p ro b le m s  th a t  o th e r w is e  w o u ld  ta k e  m a n y  y e a r s  

to  s o lv e . A few , p e rh a p s  in  ig n o ra n c e ,  f e a r  th e  c o m p u te r ,  v iew in g  

i t  a s  a n  e v il  s p i r i t  lu rk in g  in  w a it  f o r  u n w a ry  h u m a n s . B ut a lm o s t  

e v e ry o n e ,  to  so m e  d e g re e ,  is  a w a r e  of s o m e  of th e  im p a c ts  th a t  th e  

c o m p u te r  h as  had.

T o  th e  e d u c a to r  th e  c o m p u te r  h o ld s  f o r t h  m a n y  p r o m i s e s .  It 

w a s  n o t d if f ic u lt  to  l e a r n  f ro m  th e  b u s in e s s  w o r ld  how to  u s e  th e  

c o m p u te r  to  e a s e  a d m in i s t r a t iv e  c h o r e s .  In  a d d it io n , in  th e  l a s t  few  

y e a r s  th e  c o m p u te r  h a s  p lay e d  a n  i n c r e a s in g ly  im p o r ta n t  r o le  in  th e  

c la s s r o o m .  S om e of th e s e  u s e s  a r e  d e s c r ib e d  in  th e  fo llo w in g  

s e c t i o n s .

T h e  c o m p u te r  h a s  p ro v e n  u s e fu l  in  th e  d r i l l  and  p r a c t ic e  and  

th e  t u to r ia l  m o d e s  a s  m e a n s  f o r  in d iv id u a liz in g  in s t r u c t io n .  In  a 

p a p e r  by  F le tc h e r ,  S u p p es , and  J a m is o n  (1972) 18 s tu d ie s  w e r e

1
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c ite d  in  w h ic h  th e  e f f e c t iv e n e s s  of c o m p u te r - a s s i s te d  in s t r u c t io n  

(CAI) w a s  d e s c r ib e d .  T h e  v a r io u s  s tu d ie s  in c lu d e d  s tu d e n ts  f ro m  

k in d e r g a r t e n  to  th e  c o lle g e  le v e l ,  e n c o m p a s s e d  m a n y  r e g io n s  of th e  

c o u n try ,  a n d  r a n g e d  a c r o s s  m a n y  a c a d e m ic  d i s c ip l in e s .  T h e  u s e  of 

th e  c o m p u te r  in  th is  m o d e , of c o u r s e ,  d e p e n d ed  on th e  d e v e lo p m e n t 

of t i m e - s h a r i n g  s y s te m s ,  w ith  th e  h ig h  c o s t  s p re a d  o u t o v e r  m a n y  

u s e r s .  T w o o th e r  m a jo r  e d u c a t io n a l  u s e s  of th e  c o m p u te r  a r e  

s im u la t io n s  and  p r o b le m  s o lv in g . In s im u la t io n s  m an y  s tu d e n ts  c a n  

b e  in v o lv e d , in  s o m e  c a s e s  a  w h o le  c la s s .  In p r o b le m  s o lv in g , m u c h  

of th e  w o rk  c a n  be done aw ay  f ro m  th e  c o m p u te r ,  w ith  th e  s tu d e n t  

on ly  go in g  "o n  l in e "  to  r u n  th e  p r o g r a m  w ith  h is  d a ta .  C o n se q u e n tly  

th e  c o s t  p e r  s tu d e n t  f o r  th e s e  p u r p o s e s  is  lo w e r  th a n  f o r  th e  d r i l l  

a n d  p r a c t ic e  o r  th e  t u to r i a l  m o d e s .

A c o m p u te r  s im u la t io n  c a n  b e  d e s c r ib e d  a s  a  c o m p u te r  p r o 

g r a m  w h ic h  in c o r p o r a t e s  a m a th e m a t ic a l  m o d e l of s o m e  p h y s ic a l  

r e a l i t y .  T h is  m ig h t  b e  a n  e x p e r im e n t  w h ic h  c a n n o t be  c o n d u c te d  in  

th e  c la s s r o o m  o r  l a b o r a to r y  b e c a u s e  i t  is  d a n g e ro u s ,  e x p e n s iv e ,  o r  

o th e r w is e  i m p r a c t i c a l  to  p e r f o r m .  O r i t  m ig h t  be  a n  e n v iro n m e n t  

w h ic h  is  i n a c c e s s ib l e  f o r  c la s s r o o m  s tu d y . W ith  so m e  s im p l i f i c a 

t io n  of th e  m o d e l  a n d  p r o p e r  p r o g ra m m in g ,  one c a n  s im u la te  th e s e  

e x p e r im e n ts  o r  e n v ir o n m e n ts .

T h e r e  a r e  tw o  m e th o d s  in  w h ic h  th e  c o m p u te r  is  c o m m o n ly  

u s e d  f o r  p r o b le m  so lv in g . In  one th e  i n s t r u c t o r  s u p p lie s  th e
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p r o g r a m  an d  th e  s tu d e n t  s im p ly  e x e c u te s  i t ,  su p p ly in g  o n ly  th e  d a ta .

In  th e  se c o n d , th e  s tu d e n t  m u s t  w r i te ,  t e s t ,  a n d  d eb u g  th e  p r o g r a m  

to  s o lv e  th e  p r o b le m . T h is  s tu d y  i s  c o n c e rn e d  w ith  th e  l a t t e r ,  s in c e  

th e  g o a l  w a s  to  t e a c h  s tu d e n ts  to  w r i te  p r o g r a m s ,  a n d  n o t m e r e ly  

p r o v id e  th e m  w ith  a  handy  to o l  to  so lv e  p r o b le m s .

P r o b le m  so lv in g  h as  lo n g  b e e n  a  c o n c e r n  of s c ie n c e  e d u c a to r s .  

B lo o m  (1950) th o u g h t th a t  th e  s tu d y  of p r o b le m -s o lv in g  p r o c e s s e s  in  

s tu d e n ts  w a s  l in k e d  to  in d iv id u a l  d i f f e r e n c e s .  He s ta te d ,  "W e a r e  

c o n v in c e d  . . . th a t  a  s tu d y  of p r o b le m -s o lv in g  p r o c e s s e s  i s  b a s ic  to  

a n  u n d e rs ta n d in g  o f in d iv id u a l  d i f f e r e n c e s - - th e i r  m e a s u r e m e n t  and  

c o n tr o l"  (p. 103).

M a th e m a t ic s  and  s c ie n c e  c o u r s e s  a r e  a l le g e d ly  d e s ig n e d  to  

d e v e lo p  in  th e  s tu d e n t  th e  n e c e s s a r y  s k i l l s  to  s o lv e  p r o b le m s  in  th e  

" r e a l "  w o r ld .  W hat t e a c h e r  h a s  n o t d e s p a i r e d  of t e a c h in g  s tu d e n ts  

h o w to  so lv e  "w o rd  p r o b le m s " ?  In tr o d u c to r y  c o u r s e s  in  c o lle g e  

p h y s ic s ,  in  p a r t i c u l a r ,  c o m m o n ly  in c lu d e  m u c h  p r o b le m  so lv in g  in  

t h e i r  c o n te n t .

If p r o p e r ly  p r o g ra m m e d ,  th e  c o m p u te r  i s  a  p o w e rfu l  p r o b le m 

so lv in g  to o l .  If m a n y  p r o b le m s  of a  c e r t a in  ty p e  m u s t  be  so lv e d , o r  

n u m e ro u s  a n d /o r  c o m p lic a te d  c a lc u la t io n s  m a d e ,  th e  c o m p u te r  c a n  

b e  an  in v a lu a b le  a id . F o r  e x a m p le , a  c o m m o n  p r o b le m  in  p h y s ic s  is  

th e  c o m p u ta tio n  o f th e  r e s u l ta n t  of tw o  v e c to r s .  I t i s  n o t a  d if f ic u lt  

p r o c e d u r e ,  b u t th e  d e ta i ls  a r e  e a s i ly  fo rg o t te n ,  an d  th e  c a lc u la t io n s
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b e c o m e  f e r t i l e  g ro u n d  f o r  e r r o r s .  T h e  s tu d e n t  m a y  b e  a s s ig n e d  th e

t a s k  o f w r i t in g  a  p r o g r a m  th a t  a c c e p ts  th e  in p u t d a ta , n a m e ly , th e

m a g n i tu d e  an d  d i r e c t i o n  f o r  tw o  v e c to r s ,  an d  c o m p u te s  th e  r e s u l ta n t

v e c t o r 's  m a g n itu d e  and  d i r e c t io n .  In an  in tr o d u c to r y  p h y s ic s  t e x t  by

B u e c h e  e n ti t le d  P r in c i p le s  of P h y s i c s , fo u r  of th e  p r o b le m s  in

c h a p te r  1 c a n  b e  so lv e d  by  th is  p r o g r a m .  By m o d ify in g  th e  p r o g ra m ,

o r  b y  ru n n in g  i t  tw ic e ,  f o u r  m o re  of th e  p r o b le m s  m a y  be  so lv e d .

W ri t in g  th e  p r o g r a m  r e q u i r e s  th e  s tu d e n t  to  sp e c ify , c le a r ly  and

w ith o u t  a m b ig u ity , th e  s te p s  n e e d e d  to  s o lv e  th e  p ro b le m , an d  so  he

m u s t  u n d e r s ta n d  how to  so lv e  i t .  U su a lly , t r i a l s  w ith  s a m p le  d a ta

a r e  n e c e s s a r y  to  d eb u g  h is  p r o g ra m ,  r e in f o rc in g  th e  s tu d e n t 's

i n i t i a l  u n d e rs ta n d in g  o f th e  p r o c e s s  n e e d e d  to  so lv e  th e  p r o b le m .
✓

G ag n e  (1966) s u g g e s te d  th e  fo llo w in g  d e f in i tio n  of p r o b le m  

so lv in g :

P r o b le m  s o lv in g  is  an  i n f e r r e d  ch a n g e  in  h u m an  
c a p a b i l i ty  th a t  r e s u l t s  in  th e  a c q u is i t io n  of a  g e n e r a l -  
i z a b le  r u le  w h ic h  i s  n o v e l to  th e  in d iv id u a l,  w h ic h  c a n 
no t h av e  b e e n  e s ta b l is h e d  b y  d i r e c t  r e c a l l ,  and  w h ic h  
c a n  m a n i f e s t  i t s e l f  in  a p p lic a b il i ty  to  th e  s o lu t io n  of a  
c l a s s  o f p r o b le m s ,  (p. 132)

If t h i s  d e f in i tio n  i s  a c c e p te d ,  th e  " g e n e ra l iz a b le  r u le "  c a n  b e  c o n s id 

e r e d  to  be  th e  c o m p u te r  p r o g r a m .  O nce w r i t t e n ,  th e  p r o g ra m  c a n  be 

u s e d  to  s o lv e  "a  c la s s  of p r o b le m s " .  I t m a y  b e  h y p o th e s iz e d  th e n  

th a t  w r i t in g  a  c o m p u te r  p r o g r a m  to  so lv e  a  p r o b le m  w il l  r e q u i r e  a  

s tu d e n t  to  u n d e rs ta n d  how  to  so lv e  th e  p r o b le m .  If th e  s tu d e n t ,  in  th e
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in t r o d u c to r y  c o u r s e  in  c o lle g e  p h y s ic s ,  c a n  d e v e lo p  a  lo g ic a l  a p p ro a c h  

to  s o lv in g  a  c la s s  o f p r o b le m s  b y  w r i t in g  c o m p u te r  p r o g r a m s ,  p e r 

h a p s  he  c a n  u s e  t h is  a p p ro a c h  to  s o lv e  t h is  ty p e  o f p r o b le m  on an  

e x a m in a tio n  o r  a  q u iz .  H a tf ie ld  a n d  K ie re n  (1972) c i t e d  v a r io u s  

m a th e m a t ic s  e d u c a to r s  a s  fo l lo w s :

(jT h ey ^  h a v e  s u g g e s te d  t h a t  th e  a c t iv i ty  of w r i t in g ,  
p r o c e s s in g ,  an d  s tu d y in g  th e  o u tp u t of c o m p u te r  a lg o 
r i t h m s  sh o u ld  p r o m o te  th e  d e v e lo p m e n t of m a th e m a t ic a l  
c o n c e p ts  an d  p r in c ip le s ,  c o m p u ta tio n a l  s k i l l s ,  an d  
p r o b le m -s o lv in g  a b i l i t i e s  o f th e  s tu d e n t ,  (p . 99)

T h e  N a tio n a l  C o u n c il of T e a c h e r s  of M a th e m a t ic s  C o m m itte e

on C o m p u te r  O r ie n te d  M a th e m a t ic s  (1965) s ta te d ,  " s tu d e n ts  w ho

w r i te  c o m p u te r  p r o g r a m s  a c q u ir e  a  b e t t e r  u n d e rs ta n d in g  o f th e

m a th e m a t ic s  c o n c e p ts  in v o lv e d "  (p . 3 9 5 ).

D o n a ld so n  (1972) s a id  th e  fo llo w in g :

T h ro u g h  CS I p r o b le m -s o lv in g  c e r t a in  s tu d e n ts  
a c q u ir e  a  g r e a t e r  u n d e rs ta n d in g  of th e  p r in c ip le s  an d  
p r o c e s s e s  of s c ie n c e  th a n  w o u ld  b e  e x p e c te d  in  th e  
a b s e n c e  o f th e  P S /C S I  a p p ro a c h ,  (p . 4)

T h e  a c ro n y m  CSI u s e d  b y  th e  a u th o r  i s  C o m p u te r  S u p p le m e n ted

I n s t r u c t io n ;  P S  is  P r o b le m  S o lv in g . One o f th e  s tu d e n ts  in  h is  s tu d y

s u p p o r te d  th is  v ie w p o in t  w ith  t h e s e  w o r d s :

In  o r d e r  to  " te a c h "  th e  c o m p u te r  to  p e r f o r m  a 
c e r t a in  m a n ip u la t io n  i t  w a s  n e c e s s a r y  t h a t  I g a in  a  
w o rk a b le  k n o w le d g e  o f th e  p r o c e s s e s  in c lu d e d . I  fo u n d  
th a t  a s  I  b u i l t  a n d  e la b o r a te d  up o n  m y  p r o g r a m s  I 
g r e a t ly  i n c r e a s e d  m y  ow n k n o w le d g e  an d  u n d e rs ta n d in g  
o f th e  p r o b le m s  in c lu d e d .  I  f in d  th a t ,  e v e n  now , I 
u n d e rs ta n d  th e  c o n c e p ts  I  u s e d  w h ile  w o rk in g  w ith  th e  
c o m p u te r  m u c h  b e t t e r  th a n  th e  o n e s  I  l e a r n e d  by  do in g
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th e  h o m e  w o r k  p r o b le m s  a s s ig n e d  in v o lv in g  th e m .

S om e r e s e a r c h e r s  h a v e  lo o k e d  f o r  p a r a l l e l s  b e tw e e n  h u m an  

p r o b le m -s o lv in g  p r o c e s s e s  a n d  th e  d e s ig n  o f c o m p u te r  p r o g r a m s  to  

so lv e  p r o b le m s .  D a v is  (1973) m a d e  th i s  s ta t e m e n t :

A s u c c e s s f u l  p r o g r a m  w i l l  p r o v id e  a  d e ta i le d ,  
u n a m b ig u o u s  d e s c r ip t i o n  o f a  p r o b le m - s o lv in g  s e q u e n c e  
t h a t  p a r a l l e l s ,  p o in t  b y  p o in t,  th e  s t r a te g i c  w a y  a  h u m an  
m ig h t  so lv e  th e  s a m e  p r o b le m ,  (p . 73)

T h is  s ta te m e n t  r e c e iv e d  s u p p o r t  f r o m  w o rk  r e p o r t e d  b y  P a ig e  an d  

S im o n  (1966) on th e  u s e  o f a  c o m p u te r  p r o g r a m  a s  a  m o d e l  f o r  

in v e s t ig a t in g  th e  p r o c e s s e s  t h a t  h u m a n s  u s e  in  so lv in g  s u c h  p r o b 

l e m s .  T h e y  fo u n d  t h a t  th e  p r o c e s s e s  u s e d  b y  a  g ood  p r o b le m - s o lv e r  

c lo s e ly  p a r a l le l e d  t h o s e  u s e d  in  th e  c o m p u te r  p r o g r a m .  T h is  w o u ld  

le n d  s u p p o r t  to  th e  id e a  t h a t  w r i t in g  a  c o m p u te r  p r o g r a m  to  so lv e  a  

p r o b le m  w o u ld  h e lp  d e v e lo p  in  th e  s tu d e n t  th e  a b il i ty  to  a p p ly  a  p r o c 

e s s  t h a t  co u ld  b e  u s e d  to  s o lv e  o th e r  p r o b le m s  of th e  s a m e  ty p e .

R e q u ir in g  s tu d e n ts  to  w r i te  p r o g r a m s  to  so lv e  p r o b le m s  in  

p h y s ic s  r a i s e s  a  h o s t  o f q u e s t i o n s .  F i r s t ,  s in c e  m o s t  o f th e  s tu d e n ts  

h av e  n o t p r e v io u s ly  l e a r n e d  to  u s e  th e  c o m p u te r ,  one m a y  a s k ,  " C a n  

th e y  b e  ta u g h t  to  p r o g r a m  d u r in g  th e  c o u r s e ?  " an d  "W ill th e  s tu d e n ts  

c o m p le te  th e  p r o g r a m m in g  a s s i g n m e n t s ? "

A tt itu d e s  c a n  h a v e  a n  im p o r ta n t  b e a r in g  on th e  a c h ie v e m e n t  of 

th e  s tu d e n ts  in  a  c o u r s e .  I n s t r u m e n t s  to  m e a s u r e  a t t i tu d e s  to w a rd  

p r o b le m  s o lv in g , p h y s ic s ,  a n d  th e  c o u r s e  c o u ld  b e  d e v e lo p e d  b y  th e
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r e s e a r c h e r .  H o w e v e r, s u c h  in s t r u m e n t s  a r e  a v a i la b le ,  f o r  e x a m p le ,  

in  S c a le s  f o r  th e  M e a s u r e m e n t  of A t t itu d e s  b y  S haw  a n d  W rig h t  (19 6 7 ). 

H o p e fu lly , to  a llo w  c o m p a r is o n s  in  a  s tu d y , b o th  c o n tr o l  a n d  e x p e r i 

m e n ta l  g ro u p s  w o u ld  b e g in  th e  c o u r s e  w ith  s im i l a r  a t t i tu d e s  to w a rd  

p r o b le m  so lv in g  an d  p h y s ic s .  T o  d e te r m in e  i f  t h i s  w e r e  th e  c a s e ,  

in s t r u m e n t s  to  m e a s u r e  th e  s tu d e n t 's  a t t i tu d e s  t o w a rd  p r o b le m  s o lv 

in g  an d  p h y s ic s  c o u ld  b e  a d m in i s t e r e d  a t  th e  b e g in n in g  o f th e  c o u r s e .  

A t th e  en d  of th e  c o u r s e ,  th e  s a m e  in s t r u m e n t s  co u ld  b e  a d m in i s 

t e r e d  a g a in  to  d e te r m in e  i f  an y  c h a n g e s  had  ta k e n  p la c e  d u r in g  th e  

c o u r s e  o f th e  e x p e r im e n t .  A lso , th e  a t t i tu d e s  of th e  s tu d e n ts  to w a rd  

a  c o u r s e  co u ld  b e  m e a s u r e d  w h en  th e  c o u r s e  is  c o m p le te d .  T h e  

a t t i tu d e  s c a l e s  u s e d  in  t h i s  s tu d y  a r e  d e s c r ib e d  in  c h a p te r  2 .

T h e r e  w e r e  s o m e  o th e r  c o n c e r n s  r e g a r d in g  u s e  o f th e  c o m p u te r .

1. "W ill th e  u s e  of th e  c o m p u te r  r e q u i r e  a n  in o rd in a te  
a m o u n t of t im e  on  th e  p a r t  of th e  s tu d e n ts  an d  th e  i n s t r u c 
t o r ?  " If th e  u s e  o f th e  c o m p u te r  p la c e d  u n d u e  d e m a n d s  
on th e  t im e  of th e  s tu d e n ts  o r  i n s t r u c t o r ,  i t s  u s e  w o u ld  
b e  i n a p p r o p r ia t e .

2 . "W ill th e  c o m p u te r  b e  s u f f ic ie n tly  r e l i a b l e  an d  
a v a ila b le  f o r  s tu d e n t  u s e  d u r in g  th e  c o u r s e ?  " If th e  c o m 
p u te r  i s  dow n o r  n o t r e a d i ly  a v a ila b le  a t  h o u r s  d u r in g  
w h ic h  th e  s tu d e n ts  a r e  a b le  to  u s e  i t ,  th e y  w i l l  n o t b e  
a b le  to  c o m p le te  th e  a s s ig n m e n ts .

3 . "W ill s o m e  p a r t s  of th e  c o u r s e  le n d  th e m s e lv e s  
m o r e  r e a d i ly  to  th e  u s e  of th e  c o m p u te r  th a n  o th e r  
p a r t s ? "  T h e  c o u r s e  c o v e rs  15 c h a p te r s  r a n g in g  o v e r  
m a n y  to p ic s  in  p h y s ic s ,  an d  one co u ld  r e a s o n a b ly  a s s u m e  
th a t  th e  c o m p u te r 's  u s e fu ln e s s  w o u ld  v a r y  a m o n g  th e  
u n i ts .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In  s u m m a ry ,  i t  w a s  h o p ed  to  d i s c o v e r  th e  r e l a t i o n s h ip s  th a t  

m ig h t  e x is t  a m o n g  th e  fo llo w in g  f a c t o r s : th e  w r i t in g  o f p r o g r a m s  by  

s tu d e n ts  to  so lv e  p r o b le m s  in  a n  in t r o d u c to r y  c o u r s e  in  c o lle g e  

p h y s ic s ,  s tu d e n t  p e r f o r m a n c e  on  c o u r s e  q u iz z e s  an d  t e s t s ,  an d  

s tu d e n t  a t t i tu d e s  to w a rd  th e  c o u r s e .  I t  w a s  a ls o  ho p ed  to  l e a r n  if  i t  

w e r e  f e a s ib le  to  u s e  th e  c o m p u te r  r e g u la r ly  in  th e  c o u r s e .

A p i lo t  s tu d y  w ith  one c la s s  o f 14 s tu d e n ts  w a s  c o n d u c te d  

d u r in g  th e  S u m m e r  S e s s io n  1973 a t  W e s te rn  M ic h ig a n  U n iv e r s i ty .

T h e  c o m p u te r  p r o g ra m m in g  a s s ig n m e n ts  w e r e  d e v e lo p e d  an d  t e s t e d  

d u r in g  th i s  S e s s io n .  T h e  s tu d e n ts  w e r e  ta u g h t  to  p r o g r a m  in  BASIC 

a n d  w e r e  a b le  to  c o m p le te  th e  a s s ig n m e n ts  w ith o u t  g r e a t  d i f f ic u l ty .  

S u rv e y s  of a t t i tu d e  w e r e  a d m in i s t e r e d  to  d e te r m in e  how m u c h  t im e  

w a s  n e e d e d  to  c o m p le te  th e m .  In  g e n e ra l ,  th e  a t t i tu d e s  o f th e  

s tu d e n ts  to w a rd  th e  w r i t in g  of p r o g r a m s  f o r  th e  c o m p u te r  w e r e  

fo u n d  to  b e  f a v o r a b le .

R e la te d  L i t l r a t u r e

T h e  u s e  o f th e  c o m p u te r  in  c la s s r o o m s  i s  r e l a t i v e ly  n ew .

M o s t  s tu d ie s  to  d a te  h a v e  c o n c e n t r a te d  on  th e  d e v e lo p m e n t of m a t e 

r i a l s  an d  te c h n iq u e s  to  u s e  th e  c o m p u te r  a s  an  i n s t r u c t io n a l  t o o l .  

T h e r e  h av e  b e e n  few  s tu d ie s  c o m p a r in g  th e  e f f e c t iv e n e s s  of u s in g  th e  

c o m p u te r  w ith  o th e r  m e a n s  o f in s t r u c t io n  in  th e  a r e a  o f p r o b le m  

s o lv in g . T h e  fo llo w in g  s tu d ie s  w e r e  u s e fu l  in  s u g g e s t in g  a r e a s  to  b e
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r e s e a r c h e d  an d  in  d e v e lo p in g  te c h n iq u e s  to  b e  u s e d  in  t h i s  s tu d y .

H a tf ie ld  an d  K ie re n  (1972) c o n d u c te d  a  s tu d y  o f th e  u s e  o f th e  

c o m p u te r  a s  a  p r o b le m -s o lv in g  to o l  in  s e v e n th - g r a d e  an d  e le v e n th -  

g r a d e  c l a s s e s  in  m a th e m a t ic s .  T h e i r  s tu d y  e x te n d e d  o v e r  tw o  

sc h o o l y e a r s ,  e a c h  y e a r  b e in g  t r e a t e d  a s  a  s e p a r a te  e x p e r im e n t .

T h e y  c o n s id e r e d  th e s e  q u e s t io n s :

1. D o es th e  a c t iv i ty  o f w r i t in g ,  e x e c u t in g ,  an d  s tu d y in g  
th e  o u tp u t of c o m p u te r  p r o g r a m s  r e l a t e d  to  p r o b le m s  in  
th e  r e g u la r  m a th e m a t ic s  c u r r i c u l u m  a f f e c t  m e a n  s tu d e n t  
a c h ie v e m e n t?

2 . Is  t h e r e  a  d i f f e r e n t ia l  e f f e c t  o f c o m p u te r  u s e  on 
s tu d e n ts  of v a ry in g  l e v e l s  o f p r i o r  m a th e m a t ic s  a c h ie v e 
m e n t?

3 . A re  t h e r e  c u r r i c u l a r  a r e a s  w h e r e  th e  u s e  o f th e  
c o m p u te r  p a r t i c u l a r l y  c o n tr ib u te s  to  o r  d e t r a c t s  f ro m  
m a th e m a t ic s  a c h ie v e m e n t?

E a c h  y e a r  s tu d e n ts  in  th e  tw o  g r a d e s  p a r t i c ip a te d  a s  sh o w n  in  

T a b le  I on p a g e  10. B o th  c o m p u te r  a n d  n o n - c o m p u te r  g ro u p s  

s tu d ie d  f ro m  th e  s a m e  te x tb o o k .  T h e  c o m p u te r  g r o u p s ,  h o w e v e r , 

w e r e  g iv e n  in s t r u c t io n  in  th e  c o m p u te r  la n g u a g e  B A SIC , w h e r e a s  th e  

n o n -c o m p u te r  g ro u p s  d id  n o t u s e  th e  c o m p u te r  o r  c o m p u te r  p r o g r a m s  

in  t h e i r  s tu d y  of th e  s a m e  m a th e m a t ic a l  c o n te n t .  T h e  s tu d e n ts  in  

th e  c o m p u te r  g ro u p  th e n  w r o te  p r o g r a m s  in  BA SIC to  s o lv e  p r o b le m s  

p r e s e n te d  in  th e  m a th e m a t ic s  c u r r i c u lu m .

V a r io u s  p e r f o r m a n c e  m e a s u r e s  o f m a th e m a t ic a l  a c h ie v e m e n t  

w e r e  u s e d  th a t  r e f l e c t e d  th e  o b je c t iv e s  o f th e  r e g u l a r  m a th e m a t ic s
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T A B L E  I

S a m p le  S ize  f o r  E a c h  E x p e r im e n t

G ra d e  S ev en G ra d e  E le v e n

T r e a tm e n t Y e a r  1 Y e a r  2 Y e a r  1 Y e a r  2

C o m p u te r 26 25 18 22

N o n - c o m p u te r 27 25 18 23

c u r r i c u l u m .  A t th e  en d  o f e a c h  u n it  a  t e s t  in v o lv in g  a  s a m p le  of th e  

c o n c e p ts ,  p r in c ip le s ,  an d  p r o c e s s e s  f ro m  th e  u n it w a s  g iv e n . A 

c o m p r e h e n s iv e  t e s t ,  c o n s t r u c te d  b y  th e  a u th o r s ,  w a s  g iv e n  to  

a s s e s s  th e  s tu d e n t s ’ p e r f o r m a n c e s  o v e r  th e  y e a r .  S ta n d a rd iz e d  

m a th e m a t ic s  a c h ie v e m e n t  t e s t s  w e re  a ls o  g iv e n :  C O O P S t r u c tu r e  

of T h e  N u m b e r  S y s te m , C o n te m p o ra ry  M a th e m a t ic s  T e s t ,  S T E P  

M a th e m a t ic s  3 B , a n d  th e  Iow a T e s t  of B a s ic  S k i l l s . I te m s  r e l a t e d  

d i r e c t l y  to  th e  c o m p u te r ,  p ro g ra m m in g ,  o r  c o m p u te r  o u tp u t w e r e  

n o t u s e d .

On e a c h  t e s t ,  f o r  g r a d e  se v e n , a  tw o -w a y  a n a ly s i s  of v a r i a n c e  

w a s  ru n  to  t e s t  h y p o th e s e s  r e l a te d  to  r e la t io n s h ip s  a m o n g  t r e a tm e n t ,  

p r e v io u s  a c h ie v e m e n t ,  a n d  t h e i r  in te r a c t io n .  U s in g  th e  m e a n  s c o r e s  

o f th e  S T E P  M a th e m a t ic s  3A a s  a  p r e t e s t ,  th e  tw o  g ro u p s ,  c o m p u te r  

a n d  n o n - c o m p u te r ,  w e r e  p a r t i t io n e d  in to  low , a v e ra g e ,  a n d  h ig h  

m e a n - s c o r e  c a te g o r ie s .  T h is  r e s u l te d  in  a  2 x  3 d e s ig n  f o r  e a c h
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y e a r .  A  s im i l a r  d e s ig n  w a s  u s e d  f o r  g r a d e  e le v e n , b u t o n ly  tw o  

c a te g o r ie s  o f m e a n  s c o r e s  on  th e  S T E P  M a th e m a t ic s  2B w e r e  u s e d ,  

h ig h  an d  a v e ra g e ,  r e s u l t i n g  in  a  2 x  2 d e s ig n .

T h e  a u th o r s  fo u n d  th a t  e v e n  lo w  a c h ie v e r s  in  th e  s e v e n th  g r a d e  

w e r e  a b le  to  l e a r n  to  p r o g r a m  m a th e m a t ic a l  p r o b le m s .  T h a t  f in d in g  

w a s  im p o r ta n t  f o r  th e  p r e s e n t  s tu d y , s in c e  m o s t  of th e  s u b je c t s  had  

n o t p r e v io u s ly  w r i t t e n  c o m p u te r  p r o g r a m s  o r  u s e d  a  c o m p u te r .

T h e  a u th o r s  t e s t e d  a  n u ll  h y p o th e s is  of no  in te r a c t io n  b e tw e e n  

t r e a tm e n t  an d  l e v e l s  o f p r io r  a c h ie v e m e n t .  T h e  h y p o th e s is  c o u ld  n o t 

b e  r e j e c te d  f o r  a n y  o f th e  m e a s u r e s  in  e i t h e r  e x p e r im e n ta l  y e a r .  

H o w e v e r, on a lm o s t  a l l  m e a s u r e s  th e y  n o ted  a  t r e n d  in  w h ic h  th e  

d i f f e r e n c e s  b e tw e e n  th e  tw o  t r e a tm e n t  g ro u p s  w e r e  g r e a t e r  f o r  th e  

a v e r a g e - a c h ie v e m e n t  s tu d e n ts  th a n  f o r  th e  h ig h -a c h ie v e m e n t  s tu d e n ts .

In  y e a r  o n e , g r a d e  s e v e n , in  o n ly  one a r e a  w a s  a  s ig n if ic a n t  

d i f f e r e n c e  fo u n d  b e tw e e n  th e  tw o  g r o u p s .  T h e  n o n - c o m p u te r  g ro u p  

s c o r e d  h ig h e r  on " n u m e r a tio n  s y s te m s " .  F o r  y e a r  tw o , th e  c o m p u te r  

g ro u p  s c o re d  s ig n if ic a n tly  h ig h e r  in  th e  c a te g o r ie s  of " e le m e n ta r y  

n u m b e r  th e o r y " ,  " c o n te m p o ra r y  m a th e m a t ic s " ,  a n d  " th o u g h t p r o b 

l e m s " .  T h e  d i f f e r e n c e s  f o r  " th o u g h t p r o b le m s "  h av e  im p l ic a t io n s  

f o r  t h i s  s tu d y , s in c e  P h y s i c s  110 i s  c o n s id e r e d  to  b e  a  p r o b le m 

s o lv in g  c o u r s e .  T h e  c o u r s e  c o n ta in s  a  g r e a t  n u m b e r  o f p r o b le m s  

th a t  o n e  m ig h t  c o n s id e r  to  b e  " th o u g h t p r o b le m s " .

I t  w a s  n o te d  by  th e  a u th o r s  th a t  u n it  o n e , y e a r  o n e , f o r  g r a d e
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s e v e n  in  w hich, th e  n o n - c o m p u te r  g ro u p  s c o r e d  s ig n i f ic a n t ly  h ig h e r ,  

th e  c o m p u te r  g ro u p  r e c e iv e d  t h e i r  in t r o d u c to r y  i n s t r u c t i o n  in  B A SIC .

T h e  a u th o r s  th o u g h t th a t  t h is  d e t r a c te d  f r o m  th e  l e a r n in g  o f th e  

m a th e m a t ic s  a n d  c a u s e d  th e  lo w e r  s c o r e s  on th e  f i r s t  u n it .  In  th e  

s e c o n d  u n it,  th e  c o m p u te r  g ro u p  had  e v id e n t ly  " r e c o v e r e d "  an d  

a c h ie v e d  s c o r e s  th a t  w e r e  a p p ro x im a te ly  e q u a l  to  t h o s e  o f th e  n o n 

c o m p u te r  g ro u p .  T h is  p o in t  w i l l  b e  m e n t io n e d  l a t e r  in  th e  d i s c u s s io n  

o f th e  r e s u l t s  of t h i s  s tu d y  in  w h ic h  a  s im i l a r  r e l a t i o n s h ip  w a s  

n o t ic e d .  In  y e a r  tw o , th e  f i r s t  u n it  w a s  r e v i s e d  a n d  l e s s  e m p h a s i s  

w a s  p la c e d  on u s in g  th e  c o m p u te r  d u r in g  th a t  u n i t .  T h is  s e e m e d  to  

c o r r e c t  th e  p r o b le m  s in c e  in  y e a r  tw o  th e  m e a n  s c o r e s  of th e  tw o  

g ro u p s  w e r e  a b o u t th e  s a m e  on u n it  o n e .

F o r  th e  e x p e r im e n ts  in  g ra d e  11, n o n e  of th e  c o m p a r is o n s  

e v id e n c e d  a  d i f f e r e n c e  t h a t  w a s  s ig n if ic a n t  a t  th e  . 05 l e v e l .  In  

s u m m a ry ,  th e  H a tf ie ld  a n d  K ie re n  s tu d y  s u g g e s t s  i t  s h o u ld  b e  

p o s s ib le  to  t e a c h  c o lle g e  s tu d e n ts  to  p r o g r a m  in  BA SIC  a s  p a r t  of a 

c o u r s e .  T h is  w a s  s u p p o r te d  by  th e  p i lo t  s tu d y  m e n t io n e d  a b o v e . T h e  

f in d in g s  m a y  b e  i n te r p r e t e d  a s  sh o w in g  a  d i f f e r e n t ia l  e f f e c t  of th e  

t r e a tm e n t  b e tw e e n  lo w - a b i l i ty  an d  h ig h -a b i l i ty  s tu d e n ts .  T h e  u s e  of 

t h e  c o m p u te r  s e e m e d  to  e n h a n c e  th e  a b i l i ty  of th e  s tu d e n ts  in  th e  

e x p e r im e n ta l  g ro u p  to  s o lv e  w o rd  p r o b le m s .

K e ls e y  (1967) d e v e lo p e d  18 la b o r a to r y  e x e r c i s e s  in  p h y s ic s  an d  

m a th e m a t ic s  th a t  in v o lv e d  th e  c o m p u te r  in  a r e a s  o f d a ta  a n a ly s i s  an d
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i n t e r p r e t a t i o n ,  g r a p h in g ,  c o m p u ta tio n , p r e d ic t io n ,  an d  fo rm u la  

d e r iv a t io n .  E ig h t  o f th e  e x p e r im e n ts  r e q u i r e d  a  k n o w led g e  o f s im p le  

p r o g r a m m in g .  In  a  p i lo t  s tu d y  th e  s tu d e n ts  w ho w e re  th e  s u b je c ts  

h a d  c o m p le te d  a  y e a r  o f h ig h -s c h o o l  p h y s ic s .  T h e  a u th o r  s a m p le d  

th e  s tu d e n t s ' a t t i tu d e s  w ith  a  s tu d e n t  r e a c t io n  in v e n to ry  to  h e lp  m a k e  

a  s u b je c t iv e  e v a lu a t io n  o f th e  l a b o r a to r y  e x e r c i s e s .  T h e  a u th o r  r e 

p o r te d  th e  r e s u l t s  of t h i s  a n a ly s i s  a s  fo l lo w s :

T h e  s tu d e n ts  f e l t  t h a t  th e y  h a d  g a in e d  in  u n d e r s ta n d 
in g s  a n d  l e a r n in g s  of "how  s c ie n c e  i s  d o n e " , in  d a ta  
i n t e r p r e t a t i o n  a n d  a n a ly s i s ,  a n d  th a t  th e  c o m p u te r  w a s  
h e lp fu l  in  g a in in g  th e s e  u n d e rs ta n d in g s  an d  l e a r n in g s .
(p . 122)

T h e  s tu d e n ts  s tr o n g ly  r e c o m m e n d e d  th e  a u th o r 's  ty p e  of l a b o r a to r y  

e x e r c i s e  o v e r  th e  m o r e  c o n v e n tio n a l  ty p e s  o f e x e r c i s e s .  T h e  

s tu d e n ts  d id  n o t b e lie v e  th e  e x e r c i s e s  w e r e  to o  d if f ic u lt  to  p e r f o r m .

S h a fe r  (1971) r e p o r t e d  on th e  u s e  o f th e  c o m p u te r  a s  a  r e i n 

f o r c e m e n t  to o l  in  th e  c h e m is t r y  l a b o r a to r y .  He found  th a t  th e  

s tu d e n ts  u s in g  th e  c o m p u te r  sh o w ed  s ig n if ic a n tly  g r e a t e r  g a in s  

b e tw e e n  th e  p r e t e s t  a n d  p o s t t e s t  of th e  T e s t  on U n d e r s ta n d in g  S c ie n c e  

(TO U S) th a n  d id  th e  s tu d e n ts  w ho d id  not u s e  th e  c o m p u te r .  E v id e n c e  

w a s  n o t  fo u n d  th a t  th e  s u b je c t s  d i f f e r e d  s ig n if ic a n tly  on t h e i r  g a in  

s c o r e s  f o r  th e  C o o p e ra t iv e  C h e m is t ry  T e s t  o r  th e  W a ts o n - G la s e r  

C r i t i c a l  T h in k in g  A p p r a i s a l .

W a lla c e  (1968) r e p o r t e d  a  s tu d y  of t h r e e  c la s s e s ,  in  g r a d e s  

11 a n d  12. T h e  f i r s t  w a s  ta u g h t  t r ig o n o m e t r y  c o n v e n tio n a lly ;  th e
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s e c o n d , a  o n e - s e m e s t e r  c o u r s e  in  c o m p u te r  m a th e m a t ic s ,  th e n  

t r ig o n o m e t r y  in  th e  s a m e  m a n n e r  a s  th e  f i r s t  c l a s s ;  th e  t h i r d  c la s s ,

15 w e e k s  o f t r i g o n o m e t r y  and th e n  t h r e e  w e e k s  o f flo w  c h a r t in g  an d  

e le m e n ta r y  c o m p u te r  p r o g ra m m in g  a s  a n o th e r  m e a n s  of l e a r n in g  

t r i g o n o m e t r i c  r e l a t i o n s h ip s  an d  p r o b le m -s o lv in g .  T h e  th i r d  c la s s  

sh o w ed  a  s ig n if ic a n tly  g r e a t e r  g a in  in  k n o w led g e  of t r i g o n o m e t r y  

th a n  d id  th e  f i r s t  an d  s e c o n d  c l a s s e s .  He a ls o  r e p o r t e d  t h a t  10 of 

60 p h y s ic s  s tu d e n ts  had  c o m p le te d  in  th e  s a m e  s e m e s t e r ,  th e  c o u r s e  

in  c o m p u te r  m a th e m a t ic s .  T h e  a n a ly s i s  f a i le d  to  in d ic a te  th a t  th e  

tw o  g ro u p s  d i f f e re d  s ig n if ic a n tly  in  g a in  in  k n o w led g e  of p h y s ic s  

d u r in g  th e  s e m e s t e r .  T h e  a u th o r  c o n c lu d e d  th a t  " th e  u s e  of flo w  

c h a r t s  an d  a lg o r i th m ic  m e th o d s  in  te a c h in g  m a th e m a t ic s  a p p e a r s  to  

f o r t i f y  c o n v e n tio n a l  t e a c h in g  m e th o d s ,  w ith  th e  r e s u l t  th a t  h ig h e r  

l e a r n in g  r a t e s  a r e  a c h ie v e d .  "

C o n c lu s io n

T h e  r e p o r te d  r e s u l t s  of th e  ab o v e  p a p e r s  p ro m p te d  th e  a u th o r  

to  u n d e r ta k e  a  r e s e a r c h  p r o je c t  to  g a in  so m e  in s ig h t  in to  th e  u s e  of 

th e  c o m p u te r  a s  a  p r o b le m -s o lv in g  to o l  in  th e  p h y s ic s  c la s s r o o m .

T h e  p u r p o s e  of t h i s  s tu d y  w a s  to  e x p lo re  th e  r e l a t i o n s h ip s  

am o n g  th e  fo llo w in g  f a c t o r s :  s tu d e n ts  l e a r n in g  to  p r o g r a m  th e  c o m 

p u te r  an d  s tu d e n t  a c h ie v e m e n t  in  p h y s ic s ;  an d  a t t i tu d e s  to w a rd  p r o b le m  

so lv in g , p h y s ic s ,  an d  th e  c o u r s e .  T h e  o b je c t iv e s  of th e  s tu d y  a r e
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s ta t e d  in  th e  fo llo w in g  s e c t io n .

O b je c tiv e s

T h e  p r im a r y  o b je c t iv e s  of th e  s tu d y  w e r e  a s  fo llo w s :

1. T o  d e te r m in e  if  s tu d e n ts  in  th e  i n t r o d u c to r y  c o u r s e  in
c o lle g e  p h y s ic s  w ho  a r e  ta u g h t  p r o b le m -s o lv in g  b y  th e  c o m p u te r  
a p p ro a c h  c a n  so lv e  m o re  p r o b le m s  on q u iz z e s  an d  e x a m in a 
t io n s  a d m in i s t e r e d  in  th e  c o u r s e  th a n  s tu d e n ts  w ho a r e  ta u g h t  
b y  th e  t r a d i t i o n a l  a p p ro a c h .

2 . T o  d e te r m in e  if  s tu d e n ts  r e a c t  m o re  f a v o r a b ly  to
l e a r n in g  p r o b le m - s o lv in g  b y  th e  c o m p u te r  a p p ro a c h ,  th a n  b y  
th e  " t r a d i t i o n a l "  a p p ro a c h .

T h e  s e c o n d a r y  o b je c t iv e s  of th e  s tu d y  w e r e :

1. T o  d e te r m in e  th e  r e la t io n s h ip  b e tw e e n  le v e l s  of a b il i ty ,
a s  m e a s u r e d  b y  SA T an d  A C T  s c o r e s ,  an d  s c o r e s  o b ta in e d  on  
e x a m in a tio n s  a n d  q u iz z e s  by  th e  c o n tr o l  an d  e x p e r im e n ta l  
g r o u p s .

2 .  T o  d e te r m in e  th e  p r o b le m s  th a t  a r e  e n c o u n te re d  in  
t e a c h in g  c o m p u te r  p r o g ra m m in g  a s  p a r t  of a  p h y s ic s  c o u r s e .

T o  m e a s u r e  th e  a t ta in m e n t  of th e  o b je c t iv e s ,  th e  fo llo w in g

r e s e a r c h  h y p o th e s e s  w e r e  p r o p o s e d :

1. S tu d e n ts  w ho  a r e  ta u g h t  p r o b le m -s o lv in g  by  th e  c o m p u te r  
a p p ro a c h  w i l l  a c h ie v e  h ig h e r  s c o r e s  on th e  e x a m in a tio n s  an d  
q u iz z e s  in  th e  c o u r s e  th a n  s tu d e n ts  w ho do n o t u s e  th e  c o m p u te r .

2 . S tu d e n ts  w ho  a r e  t a u g h t  th e  i n tr o d u c to r y  c o u r s e  in  c o l 
le g e  p h y s ic s  b y  th e  c o m p u te r  a p p ro a c h  w il l  h av e  a  m o r e  f a v o r 
a b le  a t t i tu d e  t o w a rd  th e  c o u r s e  th a n  th o s e  w ho a r e  t a u g h t  by  
th e  c o n v e n tio n a l  a p p ro a c h .

3 . T h e r e  w i l l  b e  g r e a t e r  d i f f e r e n c e s  b e tw e e n  c o u r s e  e x a m 
in a t io n  s c o r e s  o f  h ig h -a b i l i ty  s tu d e n ts ,  a s  m e a s u r e d  b y  A C T  
s c o r e s ,  in  th e  c o n tr o l  a n d  e x p e r im e n ta l  g ro u p s ,  th a n  in  th e  
s c o r e s  of th e  lo w - a b i l i ty  s tu d e n ts  in  th e  tw o  g r o u p s .  It is
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e x p e c te d  th a t  h ig h - a b i l i ty  s tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p  
w i l l  h av e  h ig h e r  s c o r e s  t h a n  th e  c o r r e s p o n d in g  s tu d e n ts  in  th e  
c o n tr o l  g ro u p .

In  a d d it io n , th e  a n s w e r s  to  th e  fo llo w in g  q u e s tio n s  w e r e  

s o u g h t:

1. H ow  m a n y  c l a s s  h o u r s  a r e  r e q u i r e d  to  t e a c h  c o m p u te r  
p r o g ra m m in g  to  e n a b le  t h e  s tu d e n t  to  u s e  th e  c o m p u te r  a s  a  
p r o b le m -s o lv in g  to o l?

2 . W hat a d d it io n a l  w o r k  i s  r e q u i r e d  on th e  p a r t  of th e  
i n s t r u c t o r  in  im p le m e n tin g  th e  c o m p u te r  a p p ro a c h  a s  c o m 
p a r e d  w ith  im p le m e n tin g  th e  t r a d i t i o n a l  a p p ro a c h ?

3 . W hat d i f f ic u l t i e s  w i l l  s tu d e n ts  e n c o u n te r  in  g a in in g  
a c c e s s  to  th e  c o m p u te r  a n d  ru n n in g  t h e i r  p r o g r a m s ?

4 . W ill  th e  s tu d e n t  in v e s t  m o r e  t im e  w ith  th e  c o m p u te r  
a p p ro a c h  th a n  w i th  th e  t r a d i t i o n a l  a p p ro a c h  in  l e a r n in g  
p r o b le m  s o lv in g  in  i n t r o d u c to r y  p h y s ic s ?  If  so , w i l l  th e  
s tu d e n ts  b e  w i l l in g  to  d e v o te  t h i s  e x t r a  t im e  to  th e  c o u r s e ?

5 . W ill  s o m e  p a r t s  of th e  c o u r s e  in  in t r o d u c to r y  c o lle g e  
p h y s ic s  l e n d  t h e m s e lv e s  m o r e  r e a d i ly  to  th e  c o m p u te r  a p p ro a c h  
th a n  o th e r  p a r t s  o f th e  c o u r s e ?
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CHAPTER 2

D E SIG N  AND M ETH O D S

T h e  p u r p o s e  of t h i s  c h a p te r  i s  to  d e s c r ib e  th e  p o p u la t io n  an d  

sa m p le ,  th e  p r o c e d u r e  f o r  g a th e r in g  d a ta ,  th e  d a ta  c o lle c te d ,  an d  

th e  i n s t r u m e n ta t io n  u s e d  in  th e  s tu d y .

P o p u la t io n  an d  S a m p le

T h e  p o p u la t io n  in  t h is  s tu d y  c o n s is te d  o f th o s e  s tu d e n ts  ta k in g  

a n  in t r o d u c to r y  c o u r s e  in  c o lle g e  p h y s ic s  a t  W e s te rn  M ic h ig a n  

U n iv e r s i ty  d u r in g  th e  F a l l  s e m e s t e r ,  1973. T h e  c o u r s e  w a s  

e s s e n t ia l ly  o r ie n te d  to w a rd  p r o b le m  so lv in g . T h e  s a m p le  c o n ta in e d  

tw o  s e c t io n s ,  C Z  an d  D Z . C Z  w a s  c h o s e n  a s  th e  c o n tr o l  g ro u p , D Z 

th e  e x p e r im e n ta l .  T h e  s tu d e n ts  w e r e  a s s ig n e d  to  th e  s e c t io n s  b y  th e  

c o m p u te r  on th e  b a s i s  o f r e q u e s t s  s u b m itte d  b y  th e  s tu d e n ts  d u r in g  

r e g i s t r a t i o n .  I t  w a s  a s s u m e d  th a t  t h i s  w a s  a  r a n d o m  p r o c e s s ,  

a lth o u g h  th e r e  w a s  no a s s u r a n c e  th a t  t h is  w a s  t r u e .  M o s t o f th e  

s tu d e n ts  in  th e  c o u r s e  w e r e  e i t h e r  s c ie n c e  m a jo r s  o r  m in o r s  b u t 

w e r e  n o t m a jo r in g  o r  m in o r in g  in  p h y s ic s ,  s in c e  th e  c o u r s e  co u ld  

n o t b e  u s e d  to w a rd  a  m a jo r  o r  m in o r  in  p h y s ic s .  S e c tio n  C Z  h ad  89 

s tu d e n ts ,  DZ 4 6 . T h e  s c o r e s  of s o m e  s tu d e n ts  w e r e  n o t in c lu d e d  in  

th e  a n a ly s e s  f o r  v a r io u s  r e a s o n s ,  in c lu d in g  s tu d e n ts  m is s in g  th e  

17
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e x a m in a tio n s  a n d  n o t c o m p le tin g  th e  s u rv e y  f o r m s .
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P r o c e d u r e

T h e  e x p e r im e n ta l  g ro u p  r e c e iv e d  a s s ig n m e n ts  t h a t  r e q u i r e d  

th e m  to  w r i te  an d  e x e c u te  c o m p u te r  p r o g r a m s  b a s e d  o n  th e  p r o b le m  

a s s ig n m e n ts  g iv e n  to  th e  c o n tr o l  g ro u p .  T h e s e  a s s ig n m e n ts  w e r e  

d e v e lo p e d  b y  th e  r e s e a r c h e r  a n d  r e v ie w e d  b y  th e  c o u r s e  i n s t r u c t o r .  

T h e y  h ad  b e e n  u s e d  in  th e  p i lo t  s tu d y  in  th e  S u m m e r  S e s s io n  1973, 

an d  r e v i s e d  w h e re  n e c e s s a r y .  T h e y  c o n s is t e d  o f p r o b le m s  f r o m  th e  

te x t  u s e d  in  th e  c o u r s e ,  w i th  i n s t r u c t io n s  to  w r i te  a  c o m p u te r  p r o 

g r a m  th a t  w o u ld  le a d  to  a  s o lu t io n  to  th e  p r o b le m .  T h e  p r o g r a m s  

w e r e  g r a d e d  an d  th e  g r a d e s  w e r e  p a r t  o f th e  c o u r s e  e v a lu a t io n .  

C o p ie s  o f t h e s e  a s s ig n m e n t s  m a y  b e  fo u n d  in  A p p e n d ix  C .

B o th  g ro u p s  h ad  th e  s a m e  i n s t r u c t o r ,  an d  r e c e iv e d  th e  s a m e  

q u iz z e s  an d  e x a m in a tio n s .  B u t, th e  e x p e r im e n ta l  g ro u p  r e c e iv e d  

tw o  h o u r s  of i n s t r u c t io n  in  c o m p u te r  p r o g ra m m in g  in  a d d it io n  to  th e  

r e g u l a r  l e c t u r e s .  T h is  tw o - h o u r  s e s s io n  w a s  c o n d u c te d  by  a  

c o lle a g u e  o f th e  r e s e a r c h e r ,  w ho  h ad  p r o g ra m m in g  e x p e r ie n c e  an d  

te a c h in g  e x p e r ie n c e  a t  th e  c o lle g e  l e v e l .  T h e  e le m e n ts  o f BASIC 

p ro g ra m m in g  w e r e  c o v e re d  in c lu d in g  P R IN T , D A TA , R E A D , L E T , 

an d  EN D  s ta t e m e n t s .  T h e s e  f iv e  BA SIC  la n g u a g e  s ta te m e n ts  w e r e  

s u f f ic ie n t  f o r  m o s t  of th e  s tu d e n t  p r o g r a m s .  A d d it io n a l  h e lp  in  

c o n p u te r  p r o g ra m m in g  w a s  a v a i la b le  in  s p e c i a l  s e s s io n s .
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D a ta  an d  I n s t r u m e n ta t io n

D a ta  c o lle c te d  in c lu d e d  th e  r e s u l t s  of th e  t h r e e  a t t i tu d e  s u r v e y s ,  

q u iz  an d  e x a m in a tio n  s c o r e s ,  s c o r e s  f r o m  th e  s tu d e n t  r e c o r d s  f o r  th e  

A m e r ic a n  C o lle g e  T e s tin g  (A C T ) p r o g r a m  an d  th e  S c h o la s t ic  A p titu d e  

T e s t  (SA T) w h e n  th e  s c o r e s  f o r  t h e s e  tw o  t e s t s  w e r e  a v a i la b le ,  an d  

o b s e rv a t io n s  of p r o b le m s  th a t  s tu d e n ts  had  in  p r o g r a m m in g  th e  

c o m p u te r .

T h e  q u iz z e s  an d  e x a m in a tio n s  w e r e  th o s e  g iv e n  b y  th e  

i n s t r u c t o r  to  e v a lu a te  th e  s tu d e n ts  in  th e  c o u r s e .  T h e  q u iz z e s  c o n 

s i s t e d  o f p r o b le m s ,  w h e r e a s  th e  e x a m in a tio n s  w e r e  m u l t ip l e - c h o ic e  

a n d  c o n s is te d  m a in ly  of p r o b le m s ,  a lth o u g h  s o m e  q u e s t io n s  w e r e  

in c lu d e d  to  m e a s u r e  k n o w le d g e  of c o n c e p ts .  T h e  q u iz z e s  an d  

e x a m in a tio n s  w e r e  ju d g e d  to  h av e  c o n te n t  v a l id i ty  s in c e  th e y  c o n 

s i s t e d  of p r o b le m s ,  b a s e d  d i r e c t l y  on th o s e  fo u n d  in  th e  c o u r s e  t e x t ,  

t h a t  h ad  b e e n  a s s ig n e d  to  th e  s tu d e n ts  a s  h o m e w o rk . T h e  r e l i a b i l i t y  

c o e f f ic ie n ts  of th e  f o u r  e x a m in a tio n s  w e r e  c a lc u la te d  u s in g  th e  

K u d e r - R ic h a r d s o n  F o r m u la  2 1 . T h e  c o e f f ic ie n ts  w e r e :  E x a m in a t io n  

1, 0 . 83; E x a m in a t io n  2 , 0 . 88; E x a m in a t io n  3, 0 . 9 1 ; E x a m in a t io n  4 ,

0 .8 9 .  C o p ie s  of th e  c o u r s e  e x a m in a tio n s  an d  q u iz z e s  a r e  fo u n d  in  

A p p e n d ix  A . E x a m in a t io n  s c o r e s  w e r e  c o n v e r te d  to  T s c o r e s  an d  

to ta l le d  to  a llo w  a  c o m p a r is o n  b e tw e e n  th e  m e a n s  o f th e  tw o  g ro u p s  

f o r  a l l  f o u r  e x a m in a tio n s .
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T h r e e  a t t i tu d e  s u rv e y s  w e r e  a d m in i s t e r e d  to  e a c h  g ro u p . One 

w a s  d e s ig n e d  to  m e a s u r e  th e  a t t i tu d e s  of th e  s tu d e n ts  to w a rd  p h y s ic s .  

T h e  s e c o n d  w a s  d e s ig n e d  to  m e a s u r e  t h e i r  a t t i tu d e s  to w a rd  p r o b le m 

so lv in g  a c t i v i t i e s .  T h e s e  tw o  in s t r u m e n t s  w e r e  a d m in i s t e r e d  on  a  

p r e t e s t  a n d  p o s t t e s t  b a s i s .  F in a lly ,  a  p o s t t e s t  w a s  a d m in i s t e r e d  c o n 

s is t in g  o n ly  o f a  s u rv e y  of a t t i tu d e s  to w a rd  th e  c o u r s e .  T h is  i n s t r u 

m e n t  i s  r e g u l a r l y  a d m in i s t e r e d  b y  th e  P h y s i c s  D e p a r tm e n t  a t  th e  en d  

o f a l l  c o u r s e s .  C o p ie s  of th e  t h r e e  a t t i tu d e  s u rv e y s  a p p e a r  in  

A p p e n d ix  B .

T h e  s c a le  to  m e a s u r e  th e  a t t i tu d e s  of th e  s tu d e n ts  to w a rd  

p h y s ic s  w a s  d e v e lo p e d  b y  m o d ify in g  a  s c a le  r e p o r t e d  b y  Shaw  an d  

W rig h t  (1 9 6 7 ). T h e  o r ig in a l  i n s t r u m e n t  w a s  a  m a th e m a t ic s  a t t i tu d e  

s c a le  t h a t  w a s  m o d if ie d  b y  s u b s t i tu t in g  th e  w o rd  " p h y s ic s "  w h e r e v e r  

th e  w o rd  " m a th e m a t ic s "  w a s  u s e d .  T h e  o r ig in a l  s c a le  u s e d  a  L ik e r t  

s c a l in g  p r o c e d u r e  a n d  w a s  d e v e lo p e d  f ro m  p a r a g r a p h s  d e s c r ib in g  

a t t i tu d e s  to w a rd  m a th e m a t ic s  w r i t t e n  b y  310 c o lle g e  s tu d e n ts .

V a lid i ty  e s t im a te s  w e r e  b a s e d  on a  s a m p le  of 160 f e m a le  c o lle g e  

s o p h o m o re s  in  a  S o u th e a s te rn  w o m e n 's  c o lle g e .  T h e  a u th o r s  of th e  

s c a le  r e p o r t e d  a  t e s t - r e t e s t  r e l i a b i l i t y  c o e f f ic ie n t  of 0 .9 4 .  S c o r e s  

on th e  s c a le  w e r e  fo u n d  to  b e  s ig n if ic a n tly  r e l a te d  to  f in a l  c o u r s e  

g r a d e s  of 67 f e m a le s  b u t  n o t to  th e  g r a d e s  of 60 m a le s .  S c o re s  w e r e  

p o s i t iv e ly  c o r r e l a t e d  w i th  n u m e r ic a l  a b i l i ty .  F r o m  s c o r e s  on  th e  

s c a l e ,  i t  w a s  p o s s ib le  to  p r e d i c t  th e  c h a n g e  in  s c o r e s  f r o m  th e
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i n i t i a l  to  f in a l  a d m in i s t r a t io n  o f a  m a th e m a t ic s  a c h ie v e m e n t  t e s t

w h e n  t r a i n in g  in te r v e n e d .  T h e  a u th o r s  a ls o  c la im e d  a  d e g r e e  of

d i s c r im in a n t  v a l id i ty  s in c e  th e y  s ta t e :

A t e s t  o f in d e p e n d e n c e  b e tw e e n  th e  s c o r e s  on th e  a t t i tu d e  
s c a l e  an d  s c o r e s  on  fo u r  i te m s  d e s ig n e d  to  m e a s u r e  
a t t i tu d e s  to w a rd  a c a d e m ic  s u b je c t s  in  g e n e ra l  s u g g e s te d  
t h a t  a t t i tu d e s  s p e c i f ic  to  m a th e m a t ic s  w e r e  b e in g  
m e a s u r e d .

T h e  p r o b le m -s o lv in g  a t t i tu d e  s c a l e  w a s  a d a p te d  f r o m  a n o th e r  

s c a l e  r e p o r t e d  b y  Shaw  an d  W rig h t  (1967), Tw o i te m s  in  th e  o r ig in a l  

s c a l e  w e r e  d e le te d  an d  th e  w o rd  " m a th e m a t ic s "  w a s  r e p l a c e d  w ith  

" p r o b le m - s o lv in g "  in  a n o th e r  i te m .  T h is  w a s  d one  to  m a k e  th e  

i te m s  m o r e  s p e c i f ic  an d  im p ro v e  th e  c o n te n t  v a l id i ty  o f th e  i t e m s .

S in ce  th e  s c o r e s  on  th e  s c a le  w e r e  fo u n d  to  h av e  a  p o s i t iv e  r e l a t i o n 

sh ip  to  p e r f o r m a n c e  in  e x p e r im e n ta l  p r o b le m - s o lv in g  s i t u a t io n s ,  th e  

s c a l e  w a s  a s s u m e d  to  h av e  p r e d ic t iv e  v a l id i ty .  T h e  a u th o r  of th e  

s c a l e  r e p o r t e d  a n  e q u iv a le n t- fo r m s  r e l i a b i l i t y  of 0 .9 4  b a s e d  on  a  

s a m p le  of 32 m a le s  an d  100 f e m a le s  an d  a  r e l i a b i l i t y  o f 0 . 83 b a s e d  

on  a n o th e r  s a m p le  of 59 w o m e n  an d  50 m e n .

R e l ia b i l i ty  a n d  v a lid i ty  d a ta  w e r e  n o t a v a ila b le  f o r  th e  c o u r s e  

a t t i tu d e  s u rv e y  t h a t  w a s  d e v e lo p e d  lo c a l ly .  T h e  i te m s  on th e  i n s t r u 

m e n t  a r e  b r i e f  an d  e a c h  i te m  a p p e a r s  to  b e  u n a m b ig u o u s . T h e  

i t e m s  d i r e c t l y  q u e s t io n  th e  s tu d e n t  on a  r e p r e s e n ta t i v e  s e t  of 

c o n s t r u c t s  a p p lic a b le  to  th e  c o u r s e .  T h u s  th e  i n s t r u m e n t  a p p e a r s  

to  h a v e  c o n te n t  v a l id i ty .
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A C T  a n d  SA T s c o r e s  w e r e  o b ta in e d  f r o m  th e  s tu d e n ts  r e c o r d s .

In  m a n y  c a s e s  t h e s e  s c o r e s  w e r e  n o t a v a ila b le .  T h e  n u m b e r s  of 

s c o r e s  in c lu d e d  in  th e  a n a ly s e s  a r e  in d ic a te d  w h e r e v e r  th e s e  s c o r e s  

a r e  u s e d  in  th e  s t a t i s t i c a l  a n a ly s e s .

T h e  m a th e m a t ic a l  a b i l i ty  s c o r e  of th e  SAT b a t t e r y  w a s  u s e d  to  

c o m p a r e  th e  tw o  g r o u p s .  T h is  w a s  a c c o m p lis h e d  u s in g  a  " t " - t e s t  

of th e  m e a n  s c o r e s  f o r  th e  tw o  g ro u p s  on  th e  m a th e m a t ic a l  a b il i ty  

s e c t io n .  H o w e v e r,  o n ly  a  l im i t e d  n u m b e r  of s c o r e s  w a s  a v a ila b le  

f o r  t h i s  a n a ly s i s .

T h e  c o r r e la t io n  c o e f f ic ie n ts  b e tw e e n  th e  t o ta l  T  s c o r e s  f o r  a l l  

f o u r  e x a m in a tio n s  an d  e a c h  o f t h r e e  of th e  A C T  t e s t  s c o r e s  w e r e  

c o m p u te d .  T h e  t h r e e  A C T  s c o r e s  u s e d  w e r e  th e  m a th e m a t ic s  

u s a g e ,  n a tu r a l  s c ie n c e  r e a d in g ,  a n d  th e  c o m p o s i te  s c o r e .  T h e  

s c o r e s  f o r  th e  t e s t  w i th  th e  h ig h e s t  c o r r e la t io n  w ith  th e  T s c o r e s  

w e r e  u s e d  to  p a r t i t i o n  th e  s a m p le  in to  h ig h  an d  lo w  a b il i ty  g ro u p in g s .  

T h o s e  s tu d e n ts  w i th  s c o r e s  a b o v e  th e  m e d ia n  s c o r e  w e r e  c a l le d  h igh  

a b i l i ty  a n d  th o s e  w i th  s c o r e s  b e lo w  th e  m e d ia n  w e r e  c a l le d  lo w  

a b i l i ty .  T h e s e  g ro u p in g s  w e r e  th e n  u s e d  f o r  a  tw o -w a y  a n a ly s i s  of 

v a r i a n c e  w i th  a b il i ty  a s  one f a c t o r  an d  th e  tw o  g ro u p s  a s  th e  o th e r  

f a c t o r .
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D a ta  R e d u c tio n

T h e  d a ta  w e r e  r e d u c e d  b y  u s in g  c o m p u te r  p r o g r a m s  w r i t t e n  

to  p e r f o r m  th e  v a r io u s  s t a t i s t i c a l  a n a ly s e s .  M o s t  o f t h e s e  c a n  b e  

fo u n d  in  an y  s t a t i s t i c a l  t e x t .  T h e s e  w e r e  a  c h i - s q u a r e  t e s t ,  " t " - t e s t  

b e tw e e n  m e a n s ,  c o r r e la t io n  c o e f f ic ie n ts ,  an d  tw o -w a y  a n a ly s i s  of 

v a r i a n c e .  T h e  p r o c e d u r e  u s e d  in  th e  nt " - t e s t  fo llo w e d  th a t  g iv en  b y  

E d w a rd s  (1972). T h e  tw o -w a y  a n a ly s i s  of v a r i a n c e  w a s  a c c o m p lis h e d  

u s in g  a  p r o g r a m  d e v e lo p e d  f o r  th e  c o m p u te r  a t  W e s te rn  M ic h ig a n  

U n iv e r s i ty .  I t  i s  b a s e d  on a  p r o c e d u r e  f r o m  B a n c ro f t  (19 6 8 ). T h e  

p r o g r a m  p ro d u c e d  a  p r e l i m i n a r y  A N OV A ta b le  to  b e  u s e d  to  t e s t  th e  

e q u a li ty  o f th e  ro w  an d  c o lu m n  c e l l  m e a n s .  In  a d d it io n , a  l e a s t  

s q u a r e s  ANOVA ta b le  a n d  a  w e ig h te d  m e a n s  ANOV A ta b le  w e r e  

p r o d u c e d  b y  th e  p r o g r a m .  T h e  l e a s t  s q u a r e s  t a b le  i s  u s e d  if  th e  

i n te r a c t io n  o f ro w s  a n d  c o lu m n s  i s  n o t s ig n if ic a n t;  th e  w e ig h te d  

m e a n s  t a b le  i s  u s e d  i f  th e  i n te r a c t io n  is  s ig n i f ic a n t .  T h is  p r o c e d u r e  

w a s  u s e d  s in c e  th e  r o w - c o lu m n  s a m p le  s iz e s  w e r e  n o t e q u a l.
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CHAPTER 3

DATA AND R E S U L T S

T h e  p u rp o s e  of th is  c h a p te r  i s  to  d e s c r ib e  th e  d a ta  th a t  w e re  

c o lle c te d ,  a n d  th e  s t a t i s t i c a l  t r e a tm e n t  of th o s e  d a ta .  T h e s e  

in c lu d e  n u m b e r s  of s c ie n c e  an d  n o n - s c ie n c e  s tu d e n ts ;  th e  m e a n  

s c o r e s  fo r  SAT t e s t s ,  A C T t e s t s ,  c o u r s e  q u iz z e s ,  c o u r s e  t e s t s ;  

an d  s c o r e s  o b ta in e d  o n  th e  t h r e e  a t t i tu d e  s u r v e y s .  N a r r a t iv e  d a ta  

w e re  c o lle c te d  to  h e lp  a n s w e r  th e  q u e s tio n s  p o s e d  in  c h a p te r  1 .

S i m i la r i t y  o f th e  Tw o S e c tio n s

D ata  in  sc h o o l  r e c o r d s  w e re  u s e d  to  d e te r m in e  if  a n y  obv io u s  

d i f f e r e n c e s  b e tw e e n  th e  tw o  t ro u p s  w e r e  e v id e n t .  T h e  f i r s t  c o m p a r 

i s o n  in v o lv e d  th e  ty p e  of c u r r i c u lu m ,  s c ie n c e  o r  n o n - s c ie n c e ,  in  

w h ic h  th e  s tu d e n ts  w e r e  e n r o l l e d .

T a b le  II on p ag e  25 c o n ta in s  th e  n u m b e r s  of s c ie n c e  and  

n o n - s c ie n c e  s tu d e n ts  in  e a c h  s e c t io n .  S c ie n c e  s tu d e n ts  a r e  th o se  

l i s te d  on th e  c o u r s e  r o s t e r  a s  m a jo r in g  in  b io lo g y , c h e m is t r y ,  p h y s ic s ,  

o r  g e o lo g y . N o n -s c ie n c e  s tu d e n ts  w e r e  a l l  o t h e r s .

24
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N u m b e rs  of s c ie n c e  a n d  n o n - s c ie n c e  s tu d e n ts  

T A B L E  II

N u m b e rs  o f S c ie n c e  an d  N o n - s c ie n c e  S tu d e n ts

S e c tio n N o n - s c ie n c e S c ie n c e

c z 51 42

DZ 23 24

A c h i - s q u a r e  t e s t  u s e d  w ith  t h e s e  d a ta  w ith  one d e g re e  of 

f r e e d o m  g a v e  a  v a lu e  e q u a l  to  0 .5 3 ,  w h ic h  i s  l e s s  th a n  th e  v a lu e  of 

3 .8 4  c o n s id e r e d  s ig n if ic a n t  a t  th e  .0 5  l e v e l .

A C T s c o r e s

T h e  n ex t c o m p a r is o n  o f th e  tw o  s e c t io n s  in v o lv e d  s c o r e s  th e  

s tu d e n ts  o b ta in e d  on th e  A C T b a t t e r y .

T h e  A C T b a t t e r y  c o n s i s t s  o f s c o r e s  in  f o u r  s u b c a te g o r ie s ,  

E n g l is h ,  s o c ia l  s c ie n c e ,  m a th e m a t ic s ,  a n d  n a tu r a l  s c ie n c e ,  an d  a  

c o m p o s i te  s c o r e .  A " t " - t e s t  w a s  u s e d  to  d e te r m in e  i f  th e  m e a n s  f o r  

th e  c o m p o s i te  s c o r e s  o f th e  tw o  g r o u p s  d i f f e r e d  s ig n if ic a n tly .  T h e  

r e s u l t s  a p p e a r  in  T a b le  I II  on  p a g e  2 6 .

On th is  m e a s u r e  th e  d a ta  f a i l e d  to  sh o w  th a t  th e  tw o  g ro u p s  

d i f f e r e d  s ig n if ic a n tly .
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TABLE i n

C o m p a r i s o n  o f M e a n s  of A C T  C o m p o s ite  S c o r e s

S a m p le S ize M ean S .D . " t"  v a lu e P r o b .

C Z 58 2 4 .9 4 .9 1 .2 5 . 11

D Z 28 2 3 . 6 4 .4

SA T s c o r e s

S c o r e s  o f s tu d e n ts  on  th e  SAT m a th e m a t ic s  u s a g e  t e s t  w e r e  

c o m p a r e d  f o r  th e  tw o  g r o u p s .  T h e  r e s u l t s  of a  " t M- t e s t  b e tw e e n  

m e a n s  f o r  t h e s e  s c o r e s  a r e  fo u n d  in  T a b le  IV . S tu d e n ts  in  th e  tw o  

g r o u p s  f o r  w h o m  s c o r e s  w e r e  a v a ila b le  w e r e  n o t fo u n d  to  d i f f e r  

s ig n if ic a n tly  a t  th e  .0 5  le v e l  on  th i s  m e a s u r e .

T A B L E  IV

" t " - t e s t  f o r  SAT S c o r e s ,  M a th e m a t ic s  C a te g o ry

S a m p le S ize M e an S .D . " t"  v a lu e P r o b .

C Z 23 539 100 .0 7 3 .4 7

D Z 9 542 93
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T e s ts  of H y p o th e s e s  R e la te d  to  A c h ie v e m e n t 

C o u r s e  q u iz z e s

T h e  m e a n  s c o re  f o r  e a c h  g ro u p  w a s  c o m p u te d  f o r  e a c h  q u iz .  

T h e  c o n tr o l  g ro u p  s c o r e d  h ig h e r  th a n  th e  e x p e r im e n ta l  g ro u p  on  10 

of th e  14 q u iz z e s .  On e a c h  of th e  o th e r  f o u r ,  th e  d i f f e r e n c e  b e tw e e n  

th e  m e a n s  f o r  th e  tw o  g ro u p s  is  s m a l l .  T h e  m e a n s  a n d  th e  s a m p le  

s iz e  f o r  e a c h  q u iz  a p p e a r  in  T a b le  V on p a g e  2 8 . On th e  b a s i s  of 

t h e s e  r e s u l t s ,  th e  h y p o th e s is  th a t  th e  e x p e r im e n ta l  g ro u p  w i l l  s c o r e  

h ig h e r  on  th e  c o u r s e  q u iz z e s  th a n  th e  c o n tr o l  g ro u p  can  b e  r e j e c te d .

C o u r s e  t e s t s

T h e  s c o r e s  on th e  c o u r s e  t e s t s  w e r e  a n a ly z e d  in  tw o  w a y s . 

F i r s t ,  th e  m e a n s  f o r  th e  tw o  g ro u p s  w e r e  c o m p u te d . T h e  r e s u l t s  

a r e  fo u n d  in  T a b le  V I on  p a g e  29 .

In  e v e ry  c a s e  th e  m e a n  f o r  th e  c o n tr o l  g ro u p  i s  h ig h e r  th a n  f o r  

th e  e x p e r im e n ta l  g ro u p . T h e  h y p o th e s is  t h a t  th e  e x p e r im e n ta l  g ro u p  

w i l l  s c o r e  h ig h e r  on  c o u r s e  e x a m in a tio n s  th a n  th e  c o n tr o l  g ro u p  is  

t h e r e f o r e  r e j e c te d .

S in c e  th e  n u m b e r s  o f a v a ila b le  s tu d e n t  s c o r e s  a r e  l a r g e r  f o r  

th e  A C T m e a s u r e  th a n  f o r  th e  SA T, i t  w a s  d e c id e d  to  u s e  th e  A C T 

s c o r e s  a s  an  in d e p e n d e n t  m e a s u r e  to  p a r t i t i o n  th e  g ro u p s  in to  lo w  

a n d  h ig h  a b il i ty  s u b g ro u p s .
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TA BLE V

C o m p a r i s o n  o f th e  M e a n s  f o r  Q uiz  S c o re s

Q u iz CZ DZ D Z -  C Z

M e an
S c o r e s S ize

M e an
S c o r e s S ize

1 1 5 .7 86 1 5 .5 46 -  .2

2 14. 8 86 15. 1 46 + .3

3 1 2 .2 86 1 1 .3 46 - .9

4 1 2 .0 85 9 .9 45 -2 .  1

5 1 3 .9 85 1 0 .5 45 - 3 .4

6 1 2 .7 87 1 1 .0 45 - 1 .7

7 1 5 .2 85 15. 1 44 -  . 1

8 1 3 .3 84 1 1 .7 46 - 1 .6

9 1 3 .0 85 1 3 .2 46 + .2

10 12. 8 84 1 2 .2 45 - .6

11 1 4 .5 84 1 4 .7 45 + .2

12 1 4 .0 82 1 2 .0 45 - 2 .0

13 1 7 .0 84 1 6 .3 46 - .7

14 1 3 .9 80 1 4 .5 46 + .6
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T A B L E  V I 

M e a n s  o f T e s t  S c o r e s

T e s t C Z D Z

M e an S ize M ean S ize

1 5 8 .7 86 5 4 . 1 45

2 5 3 .9 86 5 3 .0 45

3 5 5 .4 86 5 1 .2 45

4 5 6 .5 86 5 4 .3 45

A l l 2 0 3 .0 82 1 9 4 .0 41

C o e f f ic ie n ts  of c o r r e l a t i o n  w e r e  c o m p u te d  b e tw e e n  e a c h  o f th e  

A C T  s u b -c a te g o r y  s c o r e s ,  an d  th e  t o ta l  t e s t  T - s c o r e  f o r  e a c h  

s tu d e n t  in  b o th  g ro u p s .  A C T  s c o r e s  w e r e  a v a ila b le  f o r  77 s tu d e n ts  

in  th e  tw o  s e c t io n s .  T h e  r e s u l t s  a p p e a r  in  T a b le  V II.

T A B L E  V II

C o e f f ic ie n ts  o f C o r r e l a t i o n  B e tw e e n  A C T  S c o re s  
a n d  T o ta l  T - s c o r e  f o r  E a c h  S tu d e n t (N=77)

S u b - c a te g o ry M a th . N a t.  S c i. C o m p .

C o e f f ic ie n t .4 0 1 .5 8 6 .5 2 9
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T h e  n a tu r a l  s c ie n c e  r e a d in g  s c o r e  w ou ld  s e e m  to  b e  th e  b e s t  

p r e d i c to r  o f c o u r s e  e x a m in a tio n  s c o r e s ,  a lth o u g h  n one  of th e  s c o r e s  

r e d u c e d  th e  e r r o r  of p r e d i c t i o n  m o r e  th a n  19 p e r  c e n t  b e y o n d  c h a n c e .

T h e  s e c o n d  a n a ly s i s  c o n s is te d  o f s e p a r a t in g  e a c h  g ro u p  in to  

tw o  s u b -g r o u p s  c a l le d  " lo w "  an d  " h ig h " .  T h e s e  c a te g o r ie s  w e re  

o b ta in e d  b y  c la s s i f y in g  a l l  s tu d e n ts  w ith  a n  A C T n a tu r a l  s c ie n c e  

r e a d in g  s c o r e  o f 27 o r  ab o v e  a s  " h ig h "  an d  th o s e  b e lo w  27 a s  " lo w " .

T h e  r e s u l t s  o f a  2 x  2 tw o -w a y  a n a ly s i s  o f v a r i a n c e  f o r  t h is  c o m p a r 

i s o n  a p p e a r  in  T a b le  V III. T h e  v a lu e  of 27 w a s  s e le c te d  so  th a t  

a p p ro x im a te ly  one h a lf  of th e  s tu d e n ts  f e l l  in  e a c h  c a te g o r y .  T h e  

n u m b e r s  in  p a r e n th e s e s  a r e  th e  n u m b e r  of s tu d e n ts  in  e a c h  c e l l .

T A B L E  V III

A n a ly s is  of V a r ia n c e  
A C T  S c o r e s  ( F a c to r  1) an d  S e c tio n  ( F a c to r  2)

F a c to r  2

C Z DZ

L ow 198 (29) 186 (10)

F a c to r  1 F ( l ,  73) = 8 .4 6 ,  p  = . 005

H ig h 217 (26) 212 (12)

F ( l ,  73) = 1 .3 6 ,  p  = .2 4 7

I n te r a c t io n  F (3 ,7 3 )  = 3 .3 8 ,  p = .0 2 3

N o te :  S c o r e s  a r e  a v e ra g e  T - s c o r e s ;  n u m b e r s  in  p a r e n th e s e s  
a r e  n u m b e r  o f s tu d e n ts  in  e a c h  c e l l .
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T h e  ro w  b y  c o lu m n  i n te r a c t io n  i s  fo u n d  to  b e  s ig n if ic a n t  in  th e  

p r e l im in a r y  a n a ly s i s  o f v a r i a n c e .  T h e r e f o r e  a  w e ig h te d  m e a n s  

a n a ly s i s  of v a r i a n c e  i s  u s e d .  F o r  F a c to r  2 a  n u ll  h y p o th e s is  of no 

d i f f e re n c e  c a n n o t b e  r e j e c t e d .  F a c to r  2 i s  th e  g ro u p s ,  c o n tr o l  an d  

e x p e r im e n ta l .  F o r  F a c to r  1 th e  m e a n s  w e r e  s ig n if ic a n tly  d i f f e re n t  

an d  a  n u ll  h y p o th e s is  of no  d i f f e r e n c e  c a n  b e  r e j e c te d .  An in s p e c 

t io n  of th e  m e a n s  sh o w s t h a t  th e  h ig h  a c h ie v e m e n t  g ro u p s  s c o re d  

h ig h e r  th a n  th e  lo w  a c h ie v e m e n t  g ro u p s  in  e a c h  s e c t io n .  A s ig n i f i 

c a n t  d i f f e re n c e  o c c u r s  b e tw e e n  th e  low  a c h ie v e m e n t  g ro u p s  w ith  th e  

e x p e r im e n ta l  s e c t io n  (D Z ) s c o r in g  a n  a v e ra g e  tw e lv e  p o in ts  lo w e r  

th a n  th e  c o n tro l  s e c t io n  (C Z ), w h e r e a s  th e  s p r e a d  b e tw e e n  th e  h igh  

a c h ie v e m e n t  g ro u p s  o n ly  a v e r a g e s  f iv e  p o in t s .  T h e r e  d o e s  s e e m  to  

b e  a  d i f f e r e n t ia l  e f f e c t  f r o m  th e  e x p e r im e n ta l  t r e a tm e n t ,  b u t i t  i s  in  

th e  o p p o s ite  d i r e c t i o n  f r o m  th a t  h y p o th e s iz e d  an d  i t  i s  e v id e n t  w ith  

th e  low  a c h ie v e m e n t  g ro u p  r a t h e r  th a n  th e  h ig h  a c h ie v e m e n t  g ro u p .

T e s t s  of H y p o th e s e s  R e la te d  to  A ttitu d e

Tw o of th e  a t t i tu d e  s u rv e y s  w e r e  a n a ly z e d  w ith  a  tw o -w a y  

a n a ly s i s  o f v a r i a n c e .  F a c to r  1 in  e a c h  c a s e  w a s  p r e t e s t  v e r s u s  

p o s t t e s t ;  F a c to r  2 w a s  c o n tr o l  v e r s u s  e x p e r im e n ta l .  T h e  r e s u l t s  of 

th e  a n a ly s i s  f o r  th e  p r o b le m - s o lv in g  s u rv e y  a r e  show n in  T a b le  IX  

on p a g e  32 .

I n s p e c t io n  of th e  m e a n s  sh o w  th e y  a r e  a lm o s t  id e n t ic a l .  T h e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

a n a ly s i s  f a i l e d  to  e l i c i t  a n y  s ig n if ic a n t  F  r a t i o s .  A ll F  r a t i o s  o b ta in e d  

w e r e  l e s s  th a n  1.

T A B L E  IX

A n a ly s is  of V a r ia n c e  f o r  P ro b le m -S o lv in g  A tt itu d e  S u rv e y

F a c to r  2

C Z DZ

P r e t e s t 5 8 .3  (83) 5 7 .2  (43)

F a c to r  1 F ( l ,  196) = . 49 , p  = .4 8 3

P o s t t e s t 57 . 9 (48) 5 7 .9  (26)

F ( l ,  196) = . 92 , p = . 34

I n te r a c t io n  F (3 , 196) = 0, p  = .9 6 7

N o te :  S c o r e s  in  th e  t a b le  a r e  th e  a v e ra g e  s c o r e  f o r  th e  c e l l .  
T h e  n u m b e r  in  p a r e n th e s e s  i s  th e  s a m p le  s iz e .

T h e  r e s u l t s  o f a n a ly z in g  th e  s c o r e s  o b ta in e d  f r o m  th e  a d m in i s 

t r a t i o n  of th e  p h y s ic s  a t t i tu d e  s c a le  a p p e a r  in  T a b le  X on  p a g e  33 .

T h e  ro w  by  c o lu m n  in te r a c t io n  w a s  n o t s ig n i f ic a n t .  T h e r e f o r e  th e  

l e a s t  s q u a r e s  a n a ly s i s  o f v a r i a n c e  w a s  u s e d  to  t e s t  m e a n s  f o r  

F a c to r s  1 an d  2 . O nly f o r  F a c to r  1 e lim in a tin g  2 w a s  th e  F  r a t i o  

g r e a t e r  th a n  1. An in s p e c t io n  of th e  m e a n s  sho w s t h a t  th e  s c o r e s  

w e r e  s l ig h tly  h ig h e r  f o r  th e  c o n tr o l  g ro u p  th a n  f o r  th e  e x p e r im e n ta l  

g ro u p .o n  th e  p r e t e s t .  B o th  w e r e  lo w e r  on th e  p o s t t e s t  w i th  n e a r ly  th e
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s a m e  a v e ra g e  s c o r e .  D u r in g  th e  c o u r s e  th e  s c o r e s  f o r  a t t i tu d e s  

to w a rd  p h y s ic s  had  d e c lin e d  in  b o th  s e c t io n s .

T A B L E  X

P h y s i c s  A tt itu d e  S c a le  Tw o W ay A n a ly s is  of V a r ia n c e  

F a c to r  2

P r e t e s t 6 9 .4  (86) 6 6 .8  (43)

F (l>  99) = 4 . 99, p  = .0 2 7

P o s t t e s t 6 4 .8  (50) 6 4 . 1 (24)

F ( l ,  199) = 1 .0 5 ,  p  = .3 0 8

I n te r a c t io n  F (3 , 199) = 2 .0 8 ,  p  = . 104

T h e  c o u r s e  a t t i tu d e  s c o r e s  w e r e  o b ta in e d  on ly  a t  th e  en d  o f th e  

c o u r s e  an d  th e  m e a n s  w e r e  c o m p a r e d  w ith  a  " f ' - t e s t .  T a b le  XI 

c o n ta in s  th e  r e s u l t s .

T A B L E  XI

C o u r s e  A tt itu d e  S u rv e y , " t " - t e s t  B e tw e g n  M e an s

CZ D Z » t" P r o b a b i l i t y S ig n if ic a n t

M e an 7 4 .6  (54) 8 3 .0  (28) 2 .8 0 .0 0 3 Y es

T h e  c o u r s e  a t t i tu d e  s c a l e  in c lu d e d  c o m m e n ts .  O ne m a y  n o te

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

t h a t  a l th o u g h  e ig h t  o f th e  tw e n ty - e ig h t  s tu d e n ts  m e n t io n e d  th e  c o m 

p u te r  a s  th e  m o s t  d i s l ik e d  p a r t  o f th e  c o u r s e ,  o v e r a l l  t h e i r  r a t i n g s  

of th e  c o u r s e  w e r e  s ig n if ic a n tly  h ig h e r .

D a ta  R e la te d  to  Q u e s tio n s  P o s e d  in  C h a p te r  1

1. I n i t ia l ly  tw o  c la s s  h o u r s  w e r e  u s e d  to  in t r o d u c e  
p r o g ra m m in g  in  B A SIC . T h e  s tu d e n ts  w e r e  a s k e d  to  
fo llo w  a  s a m p le  r u n  in  w h ic h  th e y  lo g g ed  on  th e  c o m 
p u te r  a n d  ty p e d  in  an d  e x e c u te d  a  p r o g r a m .  M an y  o f th e  
s tu d e n ts  r e q u i r e d  a d d it io n a l  h e lp  w ith  p r o g ra m m in g  t e c h 
n iq u e s  d u r in g  th e  f i r s t  an d  s e c o n d  a s s ig n m e n t s .  T h is  
a d d it io n a l  h e lp  r e q u i r e d  a n  a v e ra g e  of 15 m in u te s  p e r  
s tu d e n t .

2 . T h e  i n s t r u c t o r  in  th e  c o u r s e  w a s  n o t f a m i l i a r  w i th  
BA SIC  a n d  d id  n o t s p e n d  t im e  in  im p le m e n tin g  th e  c o m 
p u te r  a p p ro a c h .  He d id  s p e n d  so m e  t im e  h e lp in g  c o l le c t  
d a ta  an d  im p le m e n t  th e  r e s e a r c h  s tu d y . If th e  c o m p u te r  
a p p ro a c h  w e r e  u s e d  r e g u la r ly  in  th e  c o u r s e ,  i t  i s  e s t i 
m a te d  th a t  tw o  c la s s  h o u rs  w o u ld  b e  n e e d ed  to  in t r o d u c e  
p r o g r a m m in g .  A d d it io n a l  h e lp  c o u ld  b e  g iv e n  d u r in g  th e  
r e g u l a r  o ffic e  h o u r s  w h en  th e  i n s t r u c t o r  w o u ld  b e  a v a i l 
a b le  to  h e lp  s tu d e n ts .  T h is  a s s u m e s  of c o u r s e  t h a t  th e  
i n s t r u c t o r  i s  c o m p e te n t  in  p ro g ra m m in g  s k i l l s .

3 . T h e  s tu d e n ts  r e p o r t e d  l i t t l e  d i f f ic u lty  in  a c c e s s in g  
th e  c o m p u te r  a n d  ru n n in g  t h e i r  p r o g r a m s .  H o w e v e r,  
m a n y  o f th e  s tu d e n ts  p o s tp o n e d  th e  a s s ig n m e n ts  u n t i l  th e  
l a s t  d a y , an d  w e r e  p r e s s e d  f o r  t im e  to  c o m p le te  th e  
a s s ig n m e n t .

4 .  T h e  s tu d e n ts  d id  f in d  i t  n e c e s s a r y  to  s p e n d  m o r e
t im e  w ith  th e  c o m p u te r ,  th a n  w ith  th e  n o n - c o m p u te r ,
a p p ro a c h .  M an y  r e s e n t e d  s p e n d in g  th i s  e x t r a  t im e  in  
w r i t in g  a n d  e x e c u tin g  th e  p r o g r a m s .  Som e th o u g h t t h a t  
i t  to o k  a w ay  t im e  th e y  n e e d e d  to  s tu d y  th e  c o u r s e  m a t e 
r i a l .  U n fo r tu n a te ly ,  m a n y  w e r e  a w a re  th a t  th e  s tu d e n ts  
in  th e  c o n tr o l  g ro u p  w e r e  not r e q u i r e d  to  c o m p le te  c o m 
p u te r  a s s ig n m e n ts  an d  th o u g h t th a t  t h is  w a s  u n f a i r .
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5 . T h e  u s e  o f th e  c o m p u te r  w a s  a p p ro p r ia te  w h e n  th e  
c o u r s e  c o v e re d  m a t e r i a l  t h a t  in v o lv e d  p r o b le m -s o lv in g .  
T h e  u s e  o f th e  c o m p u te r  to  so lv e  p r o b le m s  in v o lv in g  
v e c to r s  w a s  th o u g h t l ik e ly  to  b e  u s e fu l .  H o w e v e r, 
v e c to r s  w e r e  c o v e re d  a t  th e  b e g in n in g  o f th e  c o u r s e  w h en  
th e  s tu d e n ts  w e r e  l e a r n in g  to  p r o g r a m .  T h e  p r o g r a m 
m in g  o f p r o b le m s  in v o lv in g  v e c to r s  w a s  m o re  d i f f ic u l t  
th a n  l a t e r  p r o g r a m m in g .  I t w o u ld  s e e m  d e s i r a b le  to  
m o v e  th e  s tu d y  o f  v e c to r s  to  l a t e r  in  th e  c o u r s e  i f  th e  
c o m p u te r  i s  to  b e  u s e d  to  s o lv e  p r o b le m s  in v o lv in g  
v e c to r s .

S u m m a ry

In  o n ly  t h r e e  of th e  s t a t i s t i c a l  a n a ly s e s  w e r e  s ig n if ic a n t  d i f 

f e r e n c e s  d e te c te d  a t  th e  . 05 l e v e l .

1. T h e  e x p e r im e n ta l  g ro u p  s c o r e d  lo w e r  th a n  th e  c o n 
t r o l  g ro u p  on  th e  f i r s t  c o u r s e  e x a m in a tio n .

2 .  S tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p  w ho w e r e  
c la s s i f i e d  a s  lo w e r  a b il i ty  on  th e  b a s i s  of A C T s c o r e s  
a c h ie v e d  lo w e r  e x a m in a tio n  s c o r e s  th a n  s im i l a r  s tu d e n ts  
in  th e  c o n tr o l  g r o u p .

3 . S tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p  r a t e d  th e  
c o u r s e  h ig h e r  t h a n  d id  th e  s tu d e n ts  in  th e  c o n tr o l  g ro u p .

A ll  o th e r  s t a t i s t i c a l  t e s t s  f a i l e d  to  d e te c t  an y  s ig n if ic a n t  d i f 

f e r e n c e s  b e tw e e n  th e  tw o  g r o u p s .
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SUM M A RY, CO N C LU SIO N S, AND RE C O M M EN D A T IO N S

T h e  P r o b le m

T h e  p u r p o s e  o f t h i s  s tu d y  w a s  to  d e te r m in e  th e  r e l a t i o n s h ip s  

a m o n g  th e  u s e  o f th e  c o m p u te r  a s  a  p r o b le m -s o lv in g  to o l  b y  s tu d e n ts  

in  a n  in t r o d u c to r y  c o u r s e  in  c o lle g e  p h y s ic s ,  th e  s tu d e n ts ' p e r f o r m 

a n c e  on  c o u r s e  q u iz z e s  a n d  e x a m in a tio n s ,  a n d  a t t i tu d e s  to w a rd  th e  

c o u r s e .  A lso , i t  w a s  h o p ed  to  l e a r n  if  i t  i s  f e a s ib le  to  u s e  th e  

c o m p u te r  on a  r e g u l a r  b a s i s  in  th e  c o u r s e .  T h e  fo llo w in g  r e s e a r c h  

h y p o th e s e s  w e r e  p r o p o s e d :

1. S tu d e n ts  w ho a r e  ta u g h t  p r o b le m -s o lv in g  by  th e  c o m p u te r  
a p p ro a c h  w i l l  a c h ie v e  h ig h e r  s c o r e s  on  th e  e x a m in a tio n s  an d  
q u iz z e s  in  th e  c o u r s e  th a n  s tu d e n ts  w ho  do n o t u s e  th e  c o m p u te r .

2 .  S tu d e n ts  w ho a r e  t a u g h t  th e  in t r o d u c to r y  c o u r s e  in  c o l 
le g e  p h y s ic s  b y  th e  c o m p u te r  a p p ro a c h  w i l l  h av e  a  m o r e  f a v o r 
a b le  a t t i tu d e  to w a rd  th e  c o u r s e  th a n  th o s e  w ho a r e  t a u g h t  by  
th e  c o n v e n tio n a l  a p p ro a c h .

3 . T h e r e  w i l l  b e  g r e a t e r  d i f f e r e n c e s  b e tw e e n  c o u r s e  e x a m 
in a t io n  s c o r e s  of h ig h -a b i l i ty  s tu d e n ts ,  a s  m e a s u r e d  b y  A C T 
s c o r e s ,  in  th e  c o n tr o l  an d  e x p e r im e n ta l  g ro u p s ,  th a n  in  th e  
s c o r e s  o f th e  l o w - a b i l i ty  s tu d e n ts  in  th e  tw o  g r o u p s .  I t  i s  
e x p e c te d  th a t  h ig h -a b i l i ty  s tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p  
w i l l  h a v e  h ig h e r  s c o r e s  th a n  th e  c o r r e s p o n d in g  s tu d e n ts  in  th e  
c o n tr o l  g ro u p .

In  a d d it io n , a n s w e r s  to  th e  fo llo w in g  q u e s t io n s  w e r e  s o u g h t:

1. H ow  m a n y  c la s s  h o u r s  a r e  r e q u i r e d  to  t e a c h  c o m p u te r  
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p r o g ra m m in g  to  e n a b le  th e  s tu d e n t  to  u s e  th e  c o m p u te r  a s  a  
p r o b le m - s o lv in g  to o l?

2 . W h at a d d it io n a l  w o r k  i s  r e q u i r e d  on  th e  p a r t  of th e  
i n s t r u c t o r  in  im p le m e n tin g  th e  c o m p u te r  a p p ro a c h  a s  c o m 
p a r e d  w i th  im p le m e n tin g  th e  t r a d i t i o n a l  a p p ro a c h ?

3 . W h a t d i f f ic u l t i e s  w i l l  s tu d e n ts  e n c o u n te r  in  g a in in g  
a c c e s s  to  th e  c o m p u te r  a n d  ru n n in g  t h e i r  p r o g r a m s ?

4 . W ill  th e  s tu d e n t  i n v e s t  m o re  t im e  w ith  th e  c o m p u te r  
a p p ro a c h  th a n  w i th  th e  t r a d i t i o n a l  a p p ro a c h  in  l e a r n in g  
p r o b le m  s o lv in g  in  in t r o d u c to r y  p h y s ic s ?  If so , w i l l  th e  
s tu d e n ts  b e  w i l l in g  to  d e v o te  t h i s  e x t r a  t im e  to  th e  c o u r s e ?

5 . W ill s o m e  p a r t s  o f th e  c o u r s e  in  in t r o d u c to r y  c o lle g e  
p h y s ic s  le n d  th e m s e lv e s  m o r e  r e a d i ly  to  th e  c o m p u te r  a p p ro a c h  
th a n  o th e r  p a r t s  o f  th e  c o u r s e ?

M e th o d s  E m p lo y e d

T h e  s u b je c t s  o f th e  s tu d y  w e r e  s tu d e n ts  e n ro l le d  in  s e c t io n s  

C Z  an d  D Z , P h y s i c s  110, a t  W e s te rn  M ic h ig a n  U n iv e r s i ty  in  th e  

F a l l  S e m e s t e r ,  1973. S e c tio n  C Z  w a s  s e le c te d  a s  th e  c o n tr o l  g ro u p . 

T h is  g ro u p  w a s  ta u g h t  th e  c o u r s e  in  th e  c o n v e n tio n a l  m a n n e r .  In 

p a r t i c u l a r  th e y  r e c e iv e d  h o m e w o rk  a s s ig n m e n ts  of p r o b le m s  s e le c te d  

f r o m  p r o b le m  s e ts  fo u n d  a t  th e  e n d s  o f th e  c h a p te r s  in  th e  c o u r s e  

t e x t .  S e c tio n  D Z w a s  g iv e n  th e  a d d it io n a l  a s s ig n m e n t  to  w r i te  

c o m p u te r  p r o g r a m s  to  so lv e  p r o b le m s  s e le c te d  f r o m  th e  s a m e  

p r o b le m  s e t s .  T h e s e  a s s ig n m e n t s  w e r e  c o lle c te d  an d  g r a d e d  by  th e  

r e s e a r c h e r .  B o th  g r o u p s  w e r e  a d m in i s t e r e d  th e  s a m e  c o u r s e  

q u iz z e s  an d  e x a m in a tio n s  a n d  a t te n d e d  l e c t u r e s  an d  la b o r a to r y  

s e c t io n s  ta u g h t  b y  th e  s a m e  i n s t r u c t o r ,  a  r e g u l a r  m e m b e r  of th e
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p h y s ic s  d e p a r tm e n t .  A d d it io n a l  h e lp  in  c o m p u te r  p r o g ra m m in g  w a s  

m a d e  a v a ila b le  to  th e  s tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p .  D a ta  

c o lle c te d  in c lu d e d  q u iz  s c o r e s ,  e x a m in a tio n  s c o r e s ,  r e s p o n s e s  to  

t h r e e  a t t i tu d e  s u rv e y s ,  an d  SAT an d  A C T s c o r e s  w h e n  a v a i la b le .  

A lso  th e  o b s e rv a t io n s  o f th e  r e s e a r c h e r  an d  th e  c o u r s e  i n s t r u c t o r  

w e r e  r e c o r d e d .

A n a ly s is  of D a ta

T h e  a n a ly s e s  of th e  d a ta  in c lu d e d  c o r r e l a t i o n  c o e f f ic ie n ts ,  

" t " - t e s t s  b e tw e e n  m e a n s ,  an d  tw o -w a y  a n a ly s i s  of v a r i a n c e .  T h e  

r e s u l t s  o f th e s e  a n a ly s e s  fo llo w :

1. T h e  s tu d e n ts  w ho w e r e  ta u g h t  p r o b le m - s o lv in g  b y  th e  
c o m p u te r  a p p ro a c h  d id  n o t a c h ie v e  h ig h e r  s c o r e s  on  c o u r s e  
e x a m in a tio n s  a n d  q u iz z e s  th a n  th o s e  w ho  w e r e  ta u g h t  b y  th e  
n o n - c o m p u te r  a p p ro a c h .

2 . T h e  s tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p  w ho  w e r e  t a u g h t  
th e  in t r o d u c to r y  c o u r s e  in  c o lle g e  p h y s ic s  b y  th e  c o m p u te r  
a p p ro a c h  d id  n o t h av e  m o re  f a v o r a b le  a t t i tu d e s  a t  th e  en d  of 
th e  c o u r s e ,  to w a rd  p r o b le m -s o lv in g  o r  p h y s ic s ,  th a n  d id  th e  
s tu d e n ts  in  th e  c o n tr o l  g ro u p . T h e  s tu d e n ts  in  th e  e x p e r im e n ta l  
g ro u p  d id  r a t e  th e  c o u r s e  i t s e l f  s ig n i f ic a n tly  h ig h e r  on  th e  end  
of th e  c o u r s e  e v a lu a t io n  th a n  d id  th e  s tu d e n ts  in  th e  c o n tr o l  
g ro u p .

3 . H ig h e r - a b i l i ty  s tu d e n ts  in  th e  e x p e r im e n ta l  g ro u p , a s  
m e a s u r e d  b y  A C T  s c o r e s ,  d id  n o t s c o r e  h ig h e r  on  th e  c o u r s e  
e x a m in a tio n s  th a n  h ig h e r  a b i l i ty  s tu d e n ts  in  th e  c o n tr o l  g ro u p .

4 .  O th e r  n o n - n u m e r ic a l  o b s e rv a t io n s  w e r e  m a d e .  T h e  
s tu d e n ts  in  m a n y  c a s e s  r e p o r t e d  t h a t  th e  c o m p u te r  p r o g ra m m in g  
r e q u i r e d  to o  m u c h  t im e .  It i s  e s t im a te d  t h a t  th e  a s s ig n m e n ts  
to o k  one o r  tw o  h o u r s  p e r  w e e k  to  c o m p le te .  S o m e  s tu d e n ts  
w ho n e e d e d  e x t r a  h e lp  to o k  s o m e w h a t lo n g e r  to  c o m p le te  th e
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e a r l i e r  a s s ig n m e n t s .  Tw o h o u r s  w e r e  u s e d  to  i n t r o d u c e  th e  
c o m p u te r  la n g u a g e  BA SIC to  th e  e x p e r im e n ta l  g r o u p .  Tw o o r  
t h r e e  s tu d e n ts  r e q u i r e d  h e lp  on a  w e e k ly  b a s i s .

C o n c lu s io n s

I n s o f a r  a s  th e  t e c h n iq u e s  u s e d  in  t h i s  s tu d y  a r e  d e fe n s ib le ,  

th e  fo llo w in g  c o n c lu s io n s  s e e m  v a lid .  T h e  c o n tr o l  g ro u p  (D Z) 

a p p e a r e d  to  b e  s l ig h tly  s u p e r io r  to  th e  e x p e r im e n ta l  g ro u p  in  a l l  

m e a s u r e s  r e p o r t e d  in  t h i s  s tu d y . E x c e p t  f o r  s c o r e s  on  T e s t  1 th e  

d i f f e r e n c e s  w e r e  s m a l l ,  b u t a l l  h y p o th e s e s  th a t  p r e d i c te d  g r e a t e r  

a c h ie v e m e n t  on c o u r s e  e x a m in a tio n s  a n d  q u iz z e s  b y  th e  e x p e r i 

m e n ta l  g ro u p  m u s t  b e  r e j e c te d .

T h e  s tu d e n ts  d id  n o t s e e m  to  r e a c t  u n fa v o ra b ly  to  th e  c o m 

p u te r  a s s ig n m e n ts  a s  su c h , b u t  th e y  d id  e x p r e s s  a  d i s l ik e  f o r  th e  

e x t r a  w o r k  r e q u i r e d  f o r  th e  c o m p u te r  a s s ig n m e n t s .

T h e  r e s u l t s  o f th e  c o u r s e  a t t i tu d e  s u rv e y  a d m in i s t e r e d  to  th e  

s u b je c t s  n e e d  so m e  c o m m e n t.  I t i s  d i f f ic u l t  to  a t t r ib u t e  th e  h ig h e r  

s c o r e s  in  th e  e x p e r im e n ta l  g ro u p  to  th e  u s e  of th e  c o m p u te r ,  

p a r t i c u l a r l y  w h e n  a p p ro x im a te ly  o n e - th i r d  of th e  s tu d e n ts  in d ic a te d  

in  t h e i r  c o m m e n ts  t h a t  th e y  d i s l ik e d  th e  c o m p u te r  a s s ig n m e n t s .  

P e r h a p s ,  e v e n  w ith  th e  d i f f ic u l t i e s ,  th e  s tu d e n ts  w e r e  in  f a c t  

s t im u la te d  s o m e h o w  b y  th e  c h a lle n g e  of p r o g ra m m in g .  S in c e  th e  

e x p e r im e n ta l  g ro u p  w a s  s m a l l e r ,  n a m e ly ,  h a lf  a s  l a r g e  a s  th e  

c o n tr o l  g ro u p , p e r h a p s  th e  o p in io n s  o f th e  s tu d e n ts  in  th e  c o u r s e
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w e r e  in f lu e n c e d  b y  t h e i r  b e in g  in  a  s m a l l e r  c l a s s .  In  an y  e v e n t,  th e  

e x p e r im e n ta l  g ro u p  r a t e d  th e  c o u r s e  s ig n if ic a n tly  h ig h e r  th a n  d id  

th e  c o n tr o l  g ro u p .

T h e r e  is  s o m e  e v id e n c e  th a t  in tro d u c in g  c o m p u te r  p r o g r a m 

m in g  in  th e  c o u r s e  m a y  b e  r e s p o n s ib le  f o r  lo w e r  a c h ie v e m e n t  on 

c o u r s e  e x a m in a tio n s  an d  q u iz z e s ,  e s p e c i a l l y  in  th e  c a s e  of lo w e r -  

a b i l i ty  s tu d e n ts .  S ince  p ro g ra m m in g  s k i l l s  a r e  n o t t r a d i t i o n a l ly  

in c lu d e d  in  th e  s tu d y  o f p h y s ic s ,  su c h  in c lu s io n  m a y  b e  r e g a r d e d  a s  

u n d e s i r a b le .

R e c o m m e n d a tio n s

On th e  b a s is  of th e  f in d in g s  of t h is  s tu d y , th e  fo llo w in g  

r e c o m m e n d a t io n s  s e e m  r e a s o n a b le :

1. If th e  u s e  of th e  c o m p u te r  a s  a  p r o b le m - s o lv in g  to o l  is  
in c o r p o r a te d  in to  a  c o u r s e ,  i t  sh o u ld  b e  i n te g r a t e d  in to  th e  
a c t i v i t i e s  so  th a t  i t  d o e s  n o t p la c e  u n due  d e m a n d s  on s tu d e n t  
t im e .  It w o u ld  b e  d e s i r a b le  f o r  th e  s tu d e n t  to  h a v e  s o m e  
k n o w led g e  of c o m p u te r  p ro g ra m m in g  p r i o r  to  ta k in g  th e  
c o u r s e .  S in ce  m a n y  h ig h  s c h o o ls  a r e  now  te a c h in g  c o m p u te r  
p ro g ra m m in g ,  th e  d ay  is  n o t f a r  off w h e n  m a n y  s tu d e n ts  w il l  
e n te r  th e  p h y s ic s  c la s s  w ith  p r o g ra m m in g  s k i l l s .

2 . T h e  u s e  of th e  c o m p u te r  sh o u ld  b e  in tr o d u c e d  g r a d u a l ly  
to  a l le v ia te  th e  r e a c t io n s  n o ted  in  t h i s  s tu d y , an d  in  th e  
H a tf ie ld  and  K ie re n  s tu d y , in  w h ic h  th e  e x p e r im e n ta l  g ro u p  
h ad  lo w  a c h ie v e m e n t  a s  th e  s tu d e n ts  c o p e d  w i th  l e a r n in g  to  
p r o g r a m  th e  c o m p u te r .

3 . R e s e a r c h  i s  n e e d ed  to  d e te r m in e  th e  p r o p e r  r o le  of th e  
c o m p u te r  in  e d u c a tio n . T h e  sc o p e  an d  p o w e r  of th e  c o m p u te r  
i s  so  g r e a t  th a t  one  m u s t  e x e r c i s e  th e  u tm o s t  in  in g e n u ity  an d  
im a g in a t io n  if  th e  fu ll  p o te n t ia l  of th e  m a c h in e  i s  to  b e  r e a l iz e d ,
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T h e  c o m p u te r  i s  c e r t a in  to  b e  a n  im p o r ta n t  in flu e n c e  in  s c ie n c e  
e d u c a t io n  in  th e  c o m in g  y e a r s .  B u t, i t s  u s e  m u s t  n o t o v e r 
w h e lm  a n d  a l ie n a te  th e  s tu d e n ts  w ho a r e  b e in g  e d u c a te d .  If 
u s e d  p r o p e r ly ,  th e  c o m p u te r  m a y  b e c o m e  a  p o w e rfu l  to o l  in  
e d u c a t io n .  If  n o t, i t  m a y  s e rv e  to  f u r t h e r  p o la r iz e  s c ie n t i s t  
a n d  n o n - s c i e n t i s t .
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A PPEN D IX  A

C O U R SE  EX A M IN A T IO N S AND Q U IZ Z E S

110 G e n e r a l  P h y s ic s  I, 1 0 /5 /7 3

M u ltip le  C h o ic e . P l a c e  th e  c a p i ta l  l e t t e r  th a t  r e p r e s e n t s  th e  b e s t  
a n s w e r  in  th e  ( ) a t  th e  l e f t .  T o ta l  = 25 x  4 = 100%

( ) 1. How m a n y  of th e  fo llo w in g  a r e  s c a l a r  q u a n t i t ie s :  a c c e l 
e r a t io n ,  d is p la c e m e n t,  d i s ta n c e ,  s p e e d , t im e ,  v e lo c i ty  
an d  v o lu m e .
(A) one
(B) tw o
(C) t h r e e
(D) fo u r
(E) f iv e

( ) 2. A f o r c e  of 8 lb s  i s  to  b e  c o m b in e d  w ith , o r  a d d e d  to , a
f o rc e  of 12 lb s .  T h e  r e s u l ta n t  R c o u ld  b e :
(A) 3 lb s
(B) 10 lb s
(C) 21 lb s
(D) 24 lb s
(E) m o re  th a n  one of th e  a b o v e

( ) 3. S e v e ra l  f o r c e s  a r e  a c tin g  on  a  p o in t.  A f te r  th e  s u m  of th e
X -c o m p o n e n ts  an d  th e  s u m  of th e  Y -c o m p o n e n ts  h av e  b e e n  
d e te r m in e d ,  i t  i s  p o s s ib le  to  d e te r m in e  th e  a n g le  0 a n d  th e  
r e s u l ta n t  R by  u s in g  th e  f i r s t  r e l a t i o n  f o r  0 an d  th e n  u s in g  
0 in  th e  se c o n d  r e l a t i o n  f o r  R :

T e s t  # 1 , C h a p te rs  1, 2 , 3, 4 N a m e

T o  P e t .  0 T o  P e t .  R
(A) ta n  0 = Y /X  R = X /c o s  0
(B) s in  0 = Y /X  R = Y / t a n  0
(C) ta n  0 = Y /X  R = X /c o s  0
(D) ta n  0 = X /Y  R = X / s in  0
(E) s in  0 = X /Y  R = Y / t a n  0

V
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( )

( )

( )

A  b o d y  i s  a c te d  up o n  by  tw o  f o r c e s  a s  sh ow n in  th e  d i a 
g r a m .  T h e  v e r t i c a l  c o m p o n e n t of th e  r e s u l ta n t  i s  g iv e n
b y :

10 s in  30° + 20 s in  60°
10 s in  30° - 20 s in  60°
10 c o s  30° + 20 c o s  60°
10 c o s  30° - 20 c o s  60°

(A)
(B)
(C)
(D )
(E) -410^ + 202 - 2 (10)(20) c o s  90

W hat is  th e  te n s io n  in  th e  s t r in g  S if th e  b a l l  in  th e  d i a 
g r a m  w e ig h s  10 lb s ?  ( s in  30° = 0 .5 ;  c o s  30° = 0 .8 7 ;  
t a n  30° = 0 .5 8 ) 2Z/.Z . L l .L lJ J j .
(A) 8. 66 lb s
(B) 10 lb s
(C) 1 1 .5  lb s
(D) 1 7 .3  lb s  • ^ l b 5
(E) c a n n o t b e  c a lc u la te d  b e c a u s e  

th e  s t r i n g  le n g th  is  n o t g iv en

T h e  w e ig h ts  X an d  Y a r e  hung f ro m  t h r e e  s t r i n g s ,  e a c h  2 
f e e t  lo n g . In  o r d e r  to  h ave  th e  c o n f ig u ra t io n  sh o w n : ,
(A)
(B)
(C)
(D)

(E )

X m u s t  b e  s m a l le r  th a n  Y 
X m u s t  b e  e q u a l  to  Y 
X m u s t  b e  l a r g e r  th a n  Y 
t h e r e  i s  no d e f in i te  r e l a t i o n  
b e tw e e n  X an d  Y (i. e . e i th e r  
c a n  be  th e  l a r g e r )  
i t  i s  im p o s s ib le  to  g e t th is  con ' 
f ig u r a t i o n  w ith  any  v a lu e s  of X 
a n d  Y

a s - t .

( ) 7. A c a r  h a s  th e  d i s p la c e m e n t  o r  d i s ta n c e  v s .  t im e  r e l a t i o n
sh o w n  in  th e  g r a p h .  W h ich  one of th e  fo llo w in g  s t a t e 
m e n ts  i s  c o r r e c t  c o n c e rn in g  th e  m o tio n  of th e  c a r ?
(A) in  r e g io n  A th e  c a r  h a s  a  

c o n s ta n t  sp e e d
(B) in  r e g io n  B th e  c a r  h as  a 

c o n s ta n t  p o s it iv e  a c c e l e r a t io n ^
(C) in  r e g io n  C th e  c a r  is  slo w in g ^  

do w n  o r  d e c e le ra t in g
(D) in  r e g io n  D th e  c a r  h as  a  

c o n s ta n t  s p e e d  ^
(E ) in  r e g io n  E  th e  c a r  is  s ta n d 

in g  s t i l l
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( ) 8.

( ) 9.

( ) 1 0 .

( ) 1 1 .

( ) 12.

T h e  s p e e d o m e te r  on  a n  a u to m o b ile  r e c o r d s  th e  fo llo w in g :
(A) th e  a v e r a g e  s p e e d
(B) th e  i n s ta n ta n e o u s  s p e e d
(C) th e  a v e r a g e  a c c e l e r a t io n
(D) th e  in s ta n ta n e o u s  a c c e l e r a t io n
(E) th e  d i s t a n c e  c o v e re d  d u r in g  th e  p a s t  h o u r

How lo n g  d o e s  i t  t a k e  an  o b je c t  h av in g  a n  a c c e l e r a t io n  of 
5 m / s e c ^  to  c h a n g e  i t s  sp e e d  f r o m  40 m / s e c  to  60 m / s e c ?
(A) 2 s e c
(B) 4 s e c
(C) 5 s e c
(D) 20 s e c
(E ) 100 s e c

A c a r  c o v e r s  a  d is ta n c e  of 100 f t  w h ile  go in g  f ro m  r e s t  to  
a  s p e e d  of 20 f t / s e c .  T h e  a c c e l e r a t io n  of th e  c a r  i s :
(A) 0 . 1 f t / s e c 2
(B) 1 f t / s e c 2
(C) 2 f t / s e c 2
(D) 5 f t / s e c 2
(E) 32 f t / s e c 2
(F ) 40 0  f t / s e c 2

A b a l l  i s  th ro w n  d o w n w a rd  f r o m  a  b r id g e  w ith  a n  i n i t ia l  
sp e e d  of 20 f t / s e c .  How lo n g  d o e s  i t  ta k e  b e fo r e  th e  b a l l  
i s  t r a v e l in g  w i th  a  s p e e d  o f 148 f t / s e c ?
(A) 0 .6 2  s e c  '
(B) 3 .2  s e c
(C) 4 s e c
(D) 4 .6  s e c
(E ) 10 s e c

A b u l le t  i s  s h o t  u p w a rd  w i th  a n  i n i t i a l  v e lo c i ty  of 1200 f t /  
s e c .  A t th e  h ig h e s t  p o in t in  i t s  f l ig h t:
(A) th e  b u l le t  h a s  no a c c e l e r a t io n
(B) th e  b u l l e t 's  a c c e l e r a t io n  c h a n g e s  d i r e c t i o n  f ro m  up 

to  dow n
(C) T h e  b u l le t  h a s  a n  in s ta n ta n e o u s  a c c e l e r a t io n  of z e ro  

w h ic h  q u ic k ly  b e c o m e s  32 f t / s e c 2
(D) th e  b u l le t  h as  a  d o w n w a rd  a c c e l e r a t io n  of 32 f t / s e c 2
(E) th e  b u l le t  h a s  a n  a c c e l e r a t io n  w h ic h  v a r i e s  d i r e c t l y  

w i th  i t s  h e ig h t
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( ) 13. Tw o id e n t ic a l  w e ig h ts  a r e  hung on  tw o  id e n t ic a l  s t r i n g s ,
a s  show n. B o th  a r e  p u lle d  dow n by  a  f o r c e  a p p lie d  a t  
p o in ts  P .  If  A i s  g iv e n  a  su d d e n  j e r k  w h ile  B is  g iv e n  a  
s lo w  s te a d y  p u ll,  th e  fo llo w in g  o c c u r s :
(A) th e  s t r i n g s  b r e a k  a b o v e  A an d  ab o v e  B
(B) th e  s t r i n g s  b r e a k  a b o v e  A an d  b e lo w  B
(C) th e  s t r i n g s  b r e a k  b e lo w  A an d  a b o v e  B
(D) th e  s t r in g s ’ b r e a k  b e lo w  A an d  b e lo w  B

( ) 14. W h ich  of th e  fo llo w in g  p a i r s  of f o r c e s  a r e  N O T  a n  e x a m p le
of N e w to n 's  t h i r d  ( a c t io n - r e a c t io n )  law ?
(A) b u l le t  f i r e d  f ro m  a gun
(B) m a n  s ta n d in g  on  s c a le s  c h e c k in g  h is  w e ig h t
(C) e x h a u s t  c o m in g  f r o m  a  r o c k e t
(D) p u n te r  k ic k in g  a  fo o tb a l l
(E) fe n c e  p o s t  h e ld  b y  tw o  w i r e s  w ith  e q u a l  an d  o p p o s ite  

te n s io n

( ) 15. A b lo c k  of m a s s  4 m  i s  a c te d  on by  a  f o rc e  of 4 F ;  a  b lo c k
o f m a s s  m  i s  a c te d  on b y  a  f o r c e  o f F .  T h e  a c c e l e r a t io n  
of th e  l a r g e r  m a s s  i s  th e  fo llo w in g  m u lt ip le  of th e  a c c e l 
e r a t io n  of th e  s m a l l e r :

(a )  1 / 1 6  l i p  i
(B) 1 /4 -------------------------------------------------------- — ----- ^  |
(C) 1 ( i. e . th e  s a m e  a c c e l e r a t io n )
(D) 4
(E) 16

( ) 16. A f o rc e  of 1 lb  w i l l  g iv e  an  a c c e l e r a t io n  of 32 f t / s e c 2  to  a
m a s s  o f:
(A) 1 /3 2  s lu g
(B) 1 /3 2  lb
(C) 1 s lu g
(D) 1 lb
(E) 32 s lu g s
(F ) 32 lb s

( ) 17. A 5 - lb  i ro n  b a l l  f a l l s  a t  p r a c t ic a l ly  th e  s a m e  s p e e d  in  a i r
th a t  a  1 - lb  i r o n  b a l l  f a l l s  b e c a u s e :
(A) a i r  f r i c t i o n  c a u s e s  i t  to
(B) th e  r a t i o  of f o rc e  to  m a s s  i s  th e  s a m e  f o r  b o th
(C) th e  e a r t h 's  a t t r a c t iv e  f o r c e  is  th e  s a m e  f o r  b o th
(D) if  tw o  u n e q u a l o b je c ts  h av e  th e  s a m e  p o te n t ia l  e n e rg y  

th e y  w i l l  f a l l  a t  th e  s a m e  r a t e
(E) th e  i n e r t ia  a t  a n y  p o in t  i s  th e  s a m e  f o r  b o th

*r6Aoy ptfu
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( ) 18. A 1 6 - lb  b lo c k  r e s t s  on a  f r i c t i o n le s s  t a b le  w ith  a  c o rd  t i e d
to  a  h an g in g  1 6 - lb  b lo ck , a s  show n. T h e  a c c e l e r a t io n  of 
th e  s y s te m  o f tw o  b lo c !

( ) 19. A b lo c k  of w ood r e s t s  on a  h o r iz o n ta l  t a b le  an d  i t  is  fo u n d
th a t  a  f o rc e  o f 10 lb s  a p p lie d  h o r iz o n ta l ly  i s  r e q u i r e d  to  
m o v e  i t  a t  a  c o n s ta n t  v e lo c i ty  of 5 f t / s e c  n o r th w a rd .  T h e  
b lo c k  w e ig h s  80 lb s .  T h e  c o e ff ic ie n t  of f r i c t i o n  b e tw e e n  
th e  b lo c k  and  th e  ta b le  i s :
(A) 1 /1 6
(B) 1 /8
(C) 5 /1 6
(D) 1 0 /1 6
(E) 1 /4

( ) 2 0 . A p e r s o n  w e ig h s  180 lb s  on th e  e a r t h 's  s u r f a c e ,  w h ic h  is  
6, 000 k m  f r o m  th e  e a r t h 's  c e n te r .  T h is  s a m e  p e r s o n  
w e ig h s  th e  fo llo w in g  a t  a  d i s ta n c e  of 12, 000 k m  f r o m  th e  
e a r t h 's  s u r f a c e ;
(A) 20 lb s
(B) 45 lb s
(C) 60 lb s
(D) 90 lb s
(E) 180 lb s  (sa m e )

( ) 2 1 . C o m p a rin g  th e  a c c e l e r a t io n  due to  g r a v i ty  on e a r t h  to  th a t
on  a n o th e r  p la n e t  hav in g  1 /4  th e  r a d iu s  of th e  e a r t h  an d  
1 /8 0  th e  m a s s  of th e  e a r th ,  one f in d s  th a t  th e  r a t i o  o f th e  
a c c e l e r a t io n  due to  g r a v i ty  on th e  p la n e t  to  th a t  on th e  
e a r t h  i s :
(A) 1 /2 0
(B) 1 /3
(C) 1 /4
(D) 1 /5
(E ) 1 /6

( ) 2 2 . A 6 4 - lb  b lo c k  r e s t s  on a  f r i c t i o n le s s  30° in c l in e ,  a s  sh o w n .
W ith  w h a t a c c e l e r a t io n  w il l  th e  b lo c k  s lid e  dow n th e  in c l in e :  
( s in  30° = 0. 5, c o s  30° = 0. 87, t a n  30° = 0. 58)

(B) 1 f t / s e c ^
(C) 16 f t / s e c ^
(D) 32 f t / s e C2
(E) 64 f t / s e c ^

(A) z e r o
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( ) 23.

(A) z e r o
(B) 0 .5  f t / s e c 2
(C) 16 f t / s e c 2
(D) 2 7 . 8 f t / s e c 2
(E ) 32 f t / s e c 2

A c o rd  ru n s  o v e r  a  f r i c t i o n le s s  p u lle y  and  c o n n e c ts  tw o  
m a s s e s ,  M l an d  M2- M l w e ig h s  10 lb s  an d  M2 w e ig h s  
6 l b s .  T h e  p la n e  on  w h ic h  M i r e s t s  i s  f r i c t i o n le s s  an d

F in d  th e  a c c e l -  
(s in  60° = 0. 866,

>0 lbs

m a k e s  a n  a n g le  of 60° w ith  th e  h o r iz o n ta l ,  
e r a t io n  of M l in  f t / s e c 2 an d  i t s  d i r e c t io n ,  
c o s  60° = 0 .5 0 0 ,  ta n  60° = 1_. 732)
(A) 7. 8 (up p lan e )
(B) z e r o
(C) 0 .2 4 4  (dow n p la n e )
(D) 5. 67 (dow n p lan e )  Ufa
(E ) 5 . 32 (dow n p la n e )  (,

( ) 2 4 . A  p r o je c t i l e  i s  sh o t h o r iz o n ta l ly  f ro m  a  h e ig h t h w ith  a
s p e e d  of VQ. W h ich  of th e  fo llo w in g  is  t r u e  of i t s  m o tio n  
a t  p o in t P  w h e r e  i t  h a s  a n  e le v a t io n  of h /2 ?
(A) th e  v e r t i c a l  c o m p o n e n t   ^

o f i t s  v e lo c i ty  e q u a ls  V 0
(B) th e  r e s u l ta n t  of i t s  h o r i 

z o n ta l  a n d  v e r t i c a l  
v e lo c i t i e s  i s  VQ

(C) i t s  h o r iz o n ta l  d i s p l a c e 
m e n t  is  1 /2  i t s  r a n g e  R

(D) T h e  p r o je c t i l e  h a s  b e e n  
in  th e  a i r  m o re  th a n  1 /2  
t im e  r e q u i r e d  to  r e a c h  
th e  g ro u n d  a t  R

(E ) th e  v e r t i c a l  c o m p o n e n t of i t s  v e lo c i ty  a t  P  is  1 /2  th e  
v e r t i c a l  c o m p o n e n t of i t s  v e lo c i ty  a s  i t  r e a c h e s  R

( ) 25 . A p r o je c t i l e  i s  f i r e d  w i th  a  v e lo c i ty  of 1, 600 f t / s e c  a t  an  
a n g le  of 30° a b o v e  th e  h o r iz o n ta l .  It w i l l  r e m a in  in  th e  a i r :
(A) 25 s e c
(B) 30 se c
(C) 50 s e c
P ) 60 s e c
(E) 86 se c
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110 G e n e r a l  P h y s i c s  I, 1 0 /2 9 /7 3
T e s t  # 2 , C h a p te rs  5, 6, 8, 9 N a m e __________________________

M u ltip le  C h o ic e . P l a c e  th e  c a p i ta l  l e t t e r  th a t  r e p r e s e n t s  th e  b e s t  
a n s w e r  in  th e  ( ) a t  th e  le f t .  T o ta l  = 25 x  4 = 100%

( ) 1. A f o rc e  T = 15 lb s  i s  u s e d  to  l i f t  a  1 0 - lb
o b je c t  th ro u g h  a  v e r t i c a l  d i s ta n c e  of 5 f t .  _ _
T h e  w o rk  d o n e  by  th e  f o rc e  T i s :
(A) 25 f t - lb s
(B) 50 f t - l b s
(C) 75 f t - lb s  ’
(D) 125 f t - l b s  £  ££
(E) 750 f t - l b s

( ) 2 . W hen a  50 kg (110 lb s )  w o m a n  c l im b s  to  a  fo u r th  s to r y
o ffic e  20 m e t e r s  a b o v e  th e  s t r e e t  in  3 m in u te s  an d  16
s e c o n d s  (196 s e c ) ,  sh e  d e v e lo p s  a n  a v e ra g e  p o w e r  o f:
(A) 0 .0 9 1  W atvs
(B) 1 .8 2  W a tts
(C) 5 .1  W a tts
(D) 17. 8 W a tts
(E) 50 W a tts

( ) 3 . A h o ck ey  p u c k  w h ic h  w e ig h s  0 .6 4  lb s  s l id e s  a  d is ta n c e  of
40 f t  in  tw o  s e c o n d s .  T h e  a v e ra g e  k in e t ic  e n e rg y  o f th is  
p u c k  i s :
(A) 4 f t - l b s
(B) 16 f t - l b s
(C) 128 f t - l b s
(D) 1 ,6 0 0  f t - l b s
(E) 51, 000 f t - l b s

( ) 4 . F o r  a  p e n d u lu m  b o b  w h ic h  is  ha lfw ay
a lo n g  th e  a r c  b e tw e e n  i t s  h ig h e s t  an d  
lo w e s t  p o s i t io n s ,  th e  fo llo w in g  is  t r u e :
(A) th e  p o te n t ia l  e n e rg y  = th e  k in e t ic  

e n e rg y ,  o r  E p  = Efc
(B) E p  is  l e s s  th a n  E ^
(C) E p  is  g r e a t e r  th a n  E k
(D) th e r e  i s  no e x a c t  r e l a t i o n  b e tw e e n  E p an d  E k  a s  

b o th  d e p e n d  u pon  th e  m a s s  of th e  bob
(E) t h e r e  i s  no e x a c t  r e l a t i o n  b e tw e e n  E p  an d  E k  a s  b o th  

d e p e n d  u p o n  th e  a c tu a l  s p e e d  of th e  bob
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( ) 5 . A 1 6 - lb  b lo c k  s l id e s  dow n a n  in c l in e  f r o m  a  v e r t i c a l  h e ig h t
of 5 f t .  A t th e  b o tto m  i t  i s  t r a v e l in g  10 f t / s e c .  T h e  w o rk  
d o n e  a g a in s t  f r i c t i o n  in  s lid in g  dow n th e  in c l in e  i s :
(A) 25 f t - lb s
(B) 55 f t - lb s
(C) 80 f t - lb s
(D) 105 f t - l b s
(E) th e  w o r k  a g a in s t  f r i c t i o n  c a n n o t be  d e te r m in e d  w ith o u t  

kno w in g  e i t h e r  th e  a n g le  o r  th e  le n g th  of th e  in c l in e

( ) 6 . W h ic h  one o f th e  fo llo w in g  is  F A L S E ? M a c h in e s  m a y  be
u s e d  to :
(A) g a in  f o rc e
(B) g a in  s p e e d
(C) g a in  w o rk
(D) c h a n g e  th e  d i r e c t i o n  of a f o rc e
(E ) c h a n g e  th e  d i r e c t i o n  o f a  f o r c e  an d  a t  th e  s a m e  t im e  

g a in  f o rc e

( ) 7 . T h e  e f f ic ie n c y  o f a  m a c h in e  is  d e fin e d  a s :

. . .  r e s i s t a n c e  f o rc e  
<A>  * 100

<B)
e f f o r t  f o rc e
r e s i s t a n c e  f o rc e

  r e s i s t a n c e  d i s ta n c e
( O    x l 0 °

(D )

(E)

( F )

e f f o r t  d i s ta n c e

e f f o r t  d i s ta n c e ______
r e s i s t a n c e  d i s ta n c e

w o rk  in p u t i—I—I” xw o r k  o u tp u t

w o r k  o u tp u t x  10Q 
w o r k  in p u t

( ) 8. I m p u ls e  m a y  be  e q u a te d  to :
(A) th e  i n c r e a s e  in  th e  k in e t ic  e n e rg y  g iv e n  a  b o d y
(B) th e  p r o d u c t  o f th e  m a s s  an d  v e lo c i ty  of a  b o d y
(C) th e  c h a n g e  in  m o m e n tu m  g iv e n  a  b ody
(D) th e  a v e ra g e  f o rc e  a c tin g  on  a  b o d y
(E ) th e  a c c e l e r a t io n  p e r  u n it  m a s s
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( ) 9 . T h e  s ta te m e n t ,  " F o r c e  is  th e  t im e  r a t e  of c h a n g e  o f l in e a r
m o m e n tu m . " , i s  a  r e - s t a t e m e n t  of th e  fo llo w in g :
(A) N e w to n 's  s e c o n d  (F  = m a )  law
(B) N e w to n 's  t h i r d  ( a c t io n - r e a c t io n )  law
(C) N e w to n 's  law  of u n iv e r s a l  g r a v i ta t io n
(D) th e  law  o f c o n s e r v a t io n  of m o m e n tu m
(E ) th e  law  o f c o n s e r v a t io n  of e n e rg y

( ) 10. I f  a  gun  i s  f i r e d  th a t  w e ig h s  100 t im e s  a s  m u c h  a s  i t s
b u l le t ,  th e  " k ic k b a c k "  v e lo c i ty  o f th e  gun is  th e  fo llo w in g  
m u l t ip le  of th e  v e lo c i ty  o f th e  b u l le t :
(A) 1 /1 0 ,0 0 0
(B) 1 /2 0 0
(C) l / ( J T x l 0 0 )
(D) 1 /1 0 0
(E ) 1 /1 0

( ) 11. A h e a v y  c a r t  o f w e ig h t  W i s  m o v in g  w ith  a  s p e e d  o f 6 m i l e s /  
h o u r .  Tw o m e n ,  e a c h  w e ig h in g  200 lb s ,  d ro p  d i r e c t l y  onto  
th e  c a r t  f r o m  v e r t i c a l l y  a b o v e . T h e  c a r t  w ith  th e  tw o  m e n  
now  m o v e s  w i th  a  s p e e d  of 5 .4  m p h . T h e  w e ig h t  W of th e  
c a r t  i s :
(A) 1 1 2 .5  lb s
(B) 125 lb s
(C) 1 ,7 2 0  lb s
(D) 3, 600 lb s  *
(E ) 4 , 000 lb s

( ) 12. A 2 - lb  b a l l  m o v in g  24 f t / s e c  c o ll id e s  c e n tr a l ly  w ith  a  1 - lb
b a l l  m o v in g  12 f t / s e c  in  th e  o p p o s ite  d i r e c t io n .  T h e  c o l l i 
s io n  is  p e r f e c t ly  e l a s t i c . D e te rm in e  th e  s p e e d s  o f th e  tw o  
b a l l s  im m e d ia te ly  a f t e r  th e  c o l l i s io n :

Po/i£.

S p eed  2 - lb  B a ll S p e e d  1- lb  B a ll
(A) v i = +12 f t / s e c v 2 = +12 f t / s e c
(B) v i = -1 2 f t / s e c v 2 = +24 f t / s e c
(C) v i = -2 4 f t / s e c v 2 = +12 f t / s e c
(D) v i = 0 v 2 = +36 f t / s e c
(E ) V1 = -3 6 f t / s e c v 2 = 0

( ) 13. A n e l e c t r i c  m o to r  r e q u i r e s  4 s e c  to  r e a c h  i t s  o p e ra t in g
sp e e d  of 1, 800 r p m  (30 r e v / s e c )  s ta r t i n g  f ro m  r e s t .  In 
r e a c h in g  th is  s p e e d  th e  m o to r  w i l l  m a k e  ab o u t th e  fo llo w 
in g  n u m b e r  of r e v o lu t io n s :
(A) 30
(B) 45
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(C) 60
(D) 75
(E) 90

( ) 14. T h ro u g h  how m a n y  r a d i a n s  d o e s  a  w h e e l  t u r n  a s  i t  s p e e d s
up f o r  5 s e c  f r o m  a n  a n g u la r  s p e e d  of 10 r a d / s e c ,  i f  i t  h as  
a n  a n g u la r  a c c e l e r a t io n  of 2 r a d / s e c 2 ?
(A) 2 r a d ia n s
(B) 20 r a d ia n s
(C) 25 r a d ia n s
(D) 30 r a d i a n s
(E) 75 r a d ia n s

( ) 15. A w h e e l  1 f t  in  r a d iu s  s p e e d s  up f r o m  2 r p s  to  5 r p s  in  1 /2
s e c .  W hat i s  th e  a n g u la r  a c c e l e r a t io n  an d  w h a t is  th e  
l i n e a r  a c c e l e r a t io n  of a  p o in t on  th e  r im  d u r in g  th e  in te r v a l?  

A n g u la r  A c c e l  L in e a r  A c c e l  R im
(A) 2 7 T ra d /s e c 2  4 r r f t / s e c 2
(B) 3 7 - rr a d /s e c 2  4 r r f t / s e c 2
(C) 3 tt r a d / s e c 2 i 2 r r f t / s e c 2  ^
(D) 6 r r r a d / s e c 2 6 r r f t / s e c 2
(E) 12 r f  r a d / s e c 2 1 2 r r f t / s e c 2

( ) 16. An a u to m o b ile  is  ro u n d in g  a  t u r n  in  a n  u n b an k ed  h ig h w ay .
(A) th e  s in g le  u n b a la n c e d  f o r c e  a c tin g  on  th e  c a r  i s  th e  

f r i c t i o n a l  f o r c e  of th e  r o a d  on th e  t i r e s
(B) th e  o n ly  f o r c e s  a c t in g  on  th e  c a r  a r e  th e  w e ig h t o f th e  

c a r  d o w n w a rd  an d  th e  f r i c t i o n a l  f o rc e  o f th e  t i r e s  on 
th e  ro a d

(C) a  s in g le  f o r c e ,  th e  w e ig h t  o f th e  c a r ,  i s  a c tin g
(D) th e  c a r  i s  a c te d  on  b y  a  s e t  o f b a la n c e d  f o r c e s
(E) th e  r e s u l ta n t  o f a l l  f o r c e s  a c tin g  on th e  c a r  is  z e ro

( ) 17. Tw o b o d ie s  A  a n d  B of e q u a l  m a s s  a r e  f a s te n e d  to  i d e n t ic a l  
s t r i n g s  P  a n d  Q a s  sh o w n , w i th  m a s s  A h a lfw ay  b e tw e e n  
p o in t  O a n d  m a s s  B . W hen  th e  b o d ie s  a r e  w h i r le d  ab o u t
p o in t O, th e  t e n s io n  in  th e  s t r in g  a t  P  i s :
(A) e q u a l  to  th e  t e n s io n  a t  Q \  ^
(B) 2 t im e s  th e  te n s io n  a t  Q p '
(C) \ f 2 t im e s  th e  t e n s io n  a t  Q I'
(D) 4 t im e s  th e  t e n s io n  a t  Q ®
(E) 3 /2  t im e s  th e  te n s io n  a t  Q * j

/

( ) 18. W h ich  of th e  fo llo w in g  i s  N O T in  a  c o n d it io n  of a p p a re n t  
w e i g h t l e s s n e s s :
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(A) a  5 - lb  w e ig h t  fa l l in g  f r e e ly
(B) a  s a te l l i t e  c i r c l in g  th e  e a r th
(C) a  s p a c e  sh ip  ha lfw ay  to  th e  m o o n
(D) a  ro c k e t  le a v in g  i t s  la u n c h  p ad  w ith  a n  u p w a rd  a c c e l 

e r a t io n  o f e x a c t ly  g (32 f t / s e c ^ )
(E ) a  b a s e b a l l  en  ro u te  f r o m  th e  b a t t e r 's  b a t  to  a n  o u t 

f ie ld e r

( ) 19. T h e  d ra w in g  i s  a  m a p  of th e  s ta te  
o f L o u is ia n a .  T h e  c e n te r  o f g r a v 
i ty  of th e  s ta t e  i s  lo c a te d  a t  th e  
p o in t :
(A)
(B)
(C)
(D )
(E)
(F )

( ) 2 0 . A bo y  e x e r t s  h is  e n t i r e  w e ig h t  on th e  p e d a l  o f a  b ic y c le
w h e n  he " s ta n d s "  on th e  p e d a l, 
t o rq u e  o r  m o m e n t  on th e  sp ro c ! 
p o s i t io n :
(A)
(B)
(C)
(D )
(E)

H e e x e r t s  th e  g r e a t e s t  
pt w h e n  th e  p e d a l  i s  in  th e

A 
B 
C 
D
th e  to rq u e  i s  th e  s a m e  in  e a c h  c a s e  s in c e  h is  w eigh t*  
is  c o n s ta n t  a n d  th e  p e d a l  a r m  is  of c o n s ta n t  le n g th

( ) 21 . A u n ifo rm  ro d  30 f t  long  is  b a la n c e d  a t  i t s  c e n te r  on  a
c r o s s  b a r  a s  show n in  th e  f ig u r e .  T h e  4 0 - lb  w e ig h t  w i l l  
b e  b a la n c e d  by  th e  5 0 - lb  w e ig h t  if  th e  d i s ta n c e  x  i s :
(A) 10 f t
(B)
(C)
(D )
(E)

8 f t 
7 .5  f t 
6 ft 
5 ft ~ £ ~

) 2 2 . A w h e e l  r e v o lv e s  a t  2 4 0 tt r a d ia n s  p e r  m in u te  ( 4 / r r a d / s ) .
I ts  m o m e n t of i n e r t i a  i s  2 k g -m ^ . If th e  w h e e l  i s  b ro u g h t  
to  r e s t  in  5 s e c ,  th e  r e q u i r e d  to rq u e  in  n e w to n -m e te r s  i s :
(A) 1 .6 r rN -m
(B) 0 .8  N- m
(C) 967rN -m
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(D) 48  N- m
(E) 480 N - m

( ) 2 3 . S e le c t  th e  t r u e  s ta te m e n t  f r o m  th e  fo llo w in g . T h e  m o m e n t 
o f i n e r t i a  of an y  o b je c t  i s :
(A) m a x im u m  f o r  a n  a x is  th ro u g h  th e  c e n te r  of g r a v i ty
(B) d e p e n d e n t  up o n  th e  a x is  a ro u n d  w h ic h  th e  o b je c t  

r o t a t e s
(C) th e  s a m e  f o r  a l l  o b je c ts  hav in g  th e  s a m e  m a s s
(D) th e  s a m e  f o r  a l l  o b je c ts  h av in g  e q u a l  r a d i i
(E ) z e r o  if  th e  o b je c t  r o ta t e s  ab o u t an  a x is  th ro u g h  i ts  

c e n te r  o f g ra v i ty

( ) 2 4 . A s o lid  c y l in d e r ,  a  r in g  o r  hoop, a  s o lid  s p h e re ,  an d  a  
ho llo w  s p h e r e ,  a l l  h av in g  th e  s a m e  r a d i i  a n d  th e  s a m e  
m a s s e s ,  a r e  r o ta t in g  a b o u t a x e s  th ro u g h  t h e i r  c e n te r s ,  
a l l  w ith  th e  s a m e  s p e e d s .  T h e  one of th e  fo u r  w h ic h  is  
th e  h a r d e s t  to  s to p  r o ta t in g  i s :
(A) th e  s o l id  c y lin d e r
(B) th e  r in g  o r  hoop
(C) th e  s o l id  s p h e re
(D) th e  h o llo w  s p h e re
(E ) th e  f o u r  a r e  e q u a lly  h a rd  to  s to p  ro ta t in g  s in c e  th e y  

a l l  h av e  th e  s a m e  m r^

( ) 2 5 . A p l a t f o r m  w ith  a  m o m e n t of i n e r t i a  of 4 k g - m 2 r o ta t e s
a b o u t a  v e r t i c a l  a x is  w i th  a  u n ifo rm  sp e ed  of 0 . 2 r a d i a n s /  
s e c .  A 100 kg m a n  ju m p s  o n to  th e  c e n te r  of th e  p la t f o rm .  
If  th e  m a n 's  r a d iu s  of g y r a t io n  i s  0. 1 m , w h a t w i l l  b e  th e  
p l a t f o r m 's  new  sp e e d ?
(A) s a m e  a s  b e fo r e ,  th a t  i s  0 .2  r a d / s e c
(B) 0 .0 5  r a d / s e c
(C) 0 .1 6  r a d / s e c
(D) 0 .5 0  r a d / s e c
(E ) 0 .5 7  r a d / s e c
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110 G e n e r a l  P h y s ic s  I, 1 1 /1 9 /7 3
T e s t  #3 , C h a p te rs  10, 11, 12 N am e  _

M u ltip le  C h o ic e . P l a c e  th e  c a p i t a l  l e t t e r  th a t  r e p r e s e n t s  th e  b e s t  
a n s w e r  in  th e  ( ) a t  th e  l e f t .  T o ta l  = 25 x  4 = 100%

( ) 1. Ic e  m e l t s  in  a  w a r m  ro o m , b u t te r  s o f te n s  and  e v e n tu a lly
m e l t s .  T h is  sh o w s th a t :
(A) ic e  is  c r y s t a l l in e  w ith  a  d e f in i te  m e l t in g  p o in t;  b u t te r  

i s  a m o rp h o u s  o r  g la s s y  an d  d o e s  n o t h ave  a  d e f in i te  
m e l t in g  p o in t

(B) ic e  i s  c r y s t a l l in e  w ith  no d e f in i te  m e l t in g  p o in t;  b u t te r  
i s  a m o rp h o u s  w i th  a  d e f in i te  m e l t in g  p o in t

(C) ic e  is  a m o rp h o u s  w ith  no d e f in i te  m e l t in g  p o in t, b u t te r  
i s  c r y s t a l l in e  w ith  a  d e f in i te  m e l t in g  p o in t

(D) ic e  is  a m o rp h o u s  w i th  a  d e f in i te  m e l t in g  p o in t, b u t te r  
i s  c r y s t a l l in e  w ith  no d e f in i te  m e l t in g  p o in t

( ) 2 . A ro d  of e la s t i c  m a t e r i a l  i s  e lo n g a te d  2% by a  s t r e s s  of
10*0 d y n e /c m 2 . If th is  is  w ith in  th e  e la s t ic  l im i t ,  Y o u n g 's  
m o d u lu s , in  d y n e /c m ^ ,  i s  e q u a l to :
(A)
(B)
(C)
(D )
(E)

2 x  1010 
2 .5  x  10*0 
5 x  1011 
4 .9  x  1 0 12 
2 x  1 0 12

( ) 3. T h e  r e c i p r o c a l  of th e  b u lk  m od u lu s  i s  c a l le d  c o m p r e s s 
ib i l i ty .  If th e  c o m p r e s s ib i l i ty  of w a te r  i s  50 x  10“ 6 p e r  
a tm o s p h e re ,  w h a t p r e s s u r e  in  a tm o s p h e re s  w i l l  r e d u c e  a  
g iv e n  v o lu m e  of w a te r  by  0. 001%?
(A) 0 .0 5
(B) 2 x  104
(C) 0 .2 0
(D) 50 x  10 -9
(E) 50 x  109

( ) A v e s s e l  s u c h  a s  sh o w n  in  th e  f ig u r e  is  f i l le d  w ith  g ly c 
e r in e  of d e n s i ty  d j  to  a  h e ig h t h i .  O il of d e n s ity  d2 is  
now p o u re d  o n to  th e  g ly c e r in e  to  a n  a d d it io n a l  h e ig h t h2- 
T h e  a d d it io n a l  p r e s s u r e  a t  a l l  p o in tg  in  th e  liq u id  i s :
(A) h id g
(B) (h i  + h2 )d 2 g
(C)
(D )
(E)

h2d2g 
(h i  + h2 
h 2 d lg

h3 )d ig
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( ) 5 . In  a  h y d ra u lic  p r e s s  th e  f o r c e  in  th e  s m a l l  p i s to n  is  42 lb .
T h e  d i a m e te r  of th e  s m a l l  c y lin d e r  i s  3. 16 in  an d  th a t  of 
th e  l a r g e  c y lin d e r  i s  10 in . T h e  f o rc e  on th e  l a r g e  p is to n  
i s :
(A) 42 l b / i n 2
(B) 133 lb
(C) 420 lb
(D) 1 ,3 3 0  1b
(E) 4 , 200 lb

( ) 6. A w o o d e n  ro d  s e rv in g  a s  a  h y d r o m e te r  i s  f lo a te d  in  v a r io u s
l iq u id s  and  th e  d is ta n c e  it  s in k s  in  th e  l iq u id  is  no ted  in  
e a c h  c a s e .  W h ich  of th e s e  s ta te m e n ts  i s  t r u e ?
(A) th e  le n g th  of th e  ro d  i s  p ro p o r t io n a l  to  th e  d e n s i ty  of

th e  liq u id  in  w h ic h  it  is  im m e rs e d
(B) th e  p o r t io n  s u b m e rg e d  is  p r o p o r t io n a l  to  th e  d e n s i ty  of 

th e  liq u id
(C) th e  w e ig h t  of th e  p o r t io n  s u b m e rg e d  e q u a ls  th e  w e ig h t  

of th e  d is p la c e d  l iq u id
(D) th e  d e n s ity  of th e  s u b m e rg e d  p o r t io n  is  i n v e r s e ly  p r o 

p o r t io n a l  to  th e  b u o y a n t f o rc e
(E) th e  l e n g th  of th e  s u b m e rg e d  p o r t io n  is  in v e r s e ly  p r o 

p o r t io n a l  to  th e  d e n s ity  of th e  liq u id

( ) 7 . A c y lin d e r  of a lu m in u m  h as  a  m a s s  of 270 g m  an d  a  v o lu m e
of 100 c m ^ . If su sp e n d e d  on a  s t r in g  a n d  lo w e re d  in to  c a r 
b o n  t e t r a c h l o r i d e ,  a  l iq u id  of s p e c if ic  g r a v i ty  1 .6 ,  i t  w i l l  
d i s p la c e  th e  fo llo w in g  m a s s  of th e  liq u id  (d is p la c e d  l iq u id , 
n o t te n s io n  in  th e  s t r i n g ) :
(A) 60 g m
(B) 100 g m
(C) 110 g m
(D) 160 g m
(E) 270 g m

( ) 8. A m e r c u r y  b a r o m e te r  on a  h ig h  m o u n ta in  h as  a  h e ig h t  of
o n ly  40 c m  ( in s te a d  of 76 f o r  n o rm a l  a tm o s p h e r i c  p r e s s u r e ) .  
If th e  s p e c if ic  g r a v i ty  of m e r c u r y  is  1 3 .6 , a n d  f o r  a  c e r t a in  
l iq u id  is  2 . 0, a  b a r o m e te r  c o n ta in in g  th is  l iq u id  w o u ld  show  
th e  fo llo w in g  h e ig h t:
(A) 40 x  . 5 = 20 c m
(B) 1 3 . 6 x 2  = 2 7 .2  c m
(C) 40 c m , s a m e  a s  m e r c u r y  b a r o m e te r
(D) 40 x  13. 6 x  .5  = 272 c m
(E) 40 x  13. 6 = 544 c m
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( ) 9 . B e r n o u l l i 's  e q u a tio n  s ta t e s  th a t  th e  p r e s s u r e  + th e  P  E  p e r
u n it  m a s s  + th e  K E  p e r  u n it  m a s s  i s  c o n s ta n t  f o r  a  f lo w 
in g  l iq u id , ( i. e . P  + dg h  + 1/2  d v 2 = c o n s t)  If a  l iq u id  
f lo w s  f r o m  a  c o n s tr ic t io n  to  a  lo w e r  l e v e l  a s  show n, th e  
p r e s s u r e  a t  p o s i t io n  1 c o m p a re d  to  p o s it io n  2 i s :

( ) 10. On a  s p e c ia l  t h e r m o m e te r ,  th e  f re e z in g  p o in t of w a te r  i s
20° N ; th e  b o ilin g  p o in t of w a te r  on th is  t h e r m o m e t e r  i s  
110° N . W hat i s  th e  N - t e m p e r a tu r e  w h ic h  c o r r e s p o n d s  to  
70° F ?
(A) 19° N
(B) 35° N
(C) 39° N
(D) 50° N
(E) 128° N

( ) 11. T h e  p r e s s u r e  of a  g a s  a s  r e a d  on a  g au g e  is  30 l b / i n 2 . If
th e  v o lu m e  o f th e  g a s  i s  re d u c e d  to  one h a lf  i t s  o r ig in a l  
v a lu e  an d  th e  t e m p e r a t u r e  of th e  g a s  i s  n o t c h a n g e d , th e  
g a u g e  w i l l  r e a d  a p p ro x im a te ly :  (the  g au g e  r e a d s  0 f o r  
a tm o s p h e r i c  p r e s s u r e )
(A) 15 lb / in 2
(B) 60 l b / i n 2
(C) 75 l b / i n 2
(D) 90 l b / i n 2
(E) 105 l b / i n 2

( ) 12. A i r  e n te r s  a  h o t - a i r  f u rn a c e  a t  7° C an d  le a v e s  th e  f u rn a c e
th ro u g h  th e  h o t - a i r  p ip e  a t  77° C . If t h e r e  i s  no c h a n g e  in  
p r e s s u r e ,  e a c h  cu b ic  fo o t of c o ld  a i r  e x p a n d s  to  a  v o lu m e  
o f:
(A) 0 .8  f t 3
(B) 1 .2 5  f t3
(C) 1 .9 1  f t 3
(D) 7 f t3
(E ) 11 f t 3

( ) 13. A c c o rd in g  to  th e  k in e t ic  t h e o r y  fo r  a  p e r f e c t  g a s ,  th e  t e m 
p e r a t u r e  of a  g iv e n  m a s s  of th e  g a s  i s  d i r e c t l y  p r o p o r t io n a l  
to :
(A) th e  r m s  v e lo c i ty

(A) P i  i s  g r e a t e r  th a n  P 2 ^
(B) P i  i s  th e  s a m e  a s  P 2
(C) P i  i s  l e s s  th a n  P 2
(D) no t en o u g h  d a ta  g iv en

AT,

P i  — 1.1
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(B) th e  m o s t  p r o b a b le  v e lo c i ty
(C) th e  k in e t ic  e n e rg y  o f th e  m o le c u le s  o f th e  g a s
(D) th e  s q u a re  of th e  n u m b e r  of m o le c u le s  p e r  c u b ic  

c e n t im e te r
(E ) th e  a v e r a g e  v e lo c i ty

( ) 14. T h e  a to m ic  m a s s ,  o r  m o le c u la r  w e ig h t,  f o r  a  p a r t i c u l a r  
i s o to p e  of m e r c u r y  is  2 0 0 . A ta n k  c o n ta in in g  a  m a s s  of 
100 g m  of t h i s  iso to p e  h as  th e  fo llo w in g  n u m b e r  o f a to m s  
o r  m o le c u le s :  (Na  = 6 x  102 3 )
(A) 1 1 .2
(B) 100
(C) 200
(D) 6 x  1013
(E) 3 x  1023

( ) 15. An i r o n  ro d ,  l sq  in  in  c r o s s - s e c t io n ,  i s  m o u n te d  in  a
m a s s i v e  f r a m e  so  a r r a n g e d  th a t  i t  c a n n o t c h a n g e  i t s  le n g th  
w h e n  h e a te d .  If th e  r o d  is  h e a te d  th ro u g h  a  ch a n g e  of 
500° F ,  w h a t  i s  th e  f o r c e  (in  lb s )  of c o m p r e s s io n  p ro d u c e d  
in  i t ?  (Y o u n g 's  m o d u lu s  f o r  i ro n  i s  30 x  10^ l b / s q  in ; th e  
c o e f f ic ie n t  of l in e a r  e x p a n s io n  f o r  i r o n  is  6 .1  x  10"^  p e r  
d e g r e e  F )
(A) 4 0 .7 5
(B) 3 0 ,5 0 0
(C) 9 1 ,5 0 0
(D) 1 8 3 ,0 0 0
(E) 3 0 ,5 0 0 ,0 0 0

( ) 16. T h e  f a c t  t h a t  a  p ond  f r e e z e s  a t  th e  s u r f a c e  an d  no t a t  th e  
b o t to m  i s  d u e  to  th e  fo llo w in g  p h e n o m e n o n  f o r  w a te r :
(A) h ig h  s p e c i f ic  h e a t  c a p a c i ty
(B) h ig h  h e a t  c o n d u c tiv ity
(C) m a x im u m  d e n s ity  i s  a t  a  t e m p e r a tu r e  of 4° C , o r  

39° F ,  i n s te a d  of 0° C
(D) h ig h  h e a t  o f fu s io n  of ic e
(E) h ig h  c o e f f ic ie n t  of v o lu m e  e x p a n s io n

( ) 17. If, w ith o u t l o s s  of h e a t to  th e  s u rr o u n d in g s ,  100 g m  of
a lu m in u m  o f s p e c i f ic  h e a t c a p a c i ty  0 .2  c a l / g m  C a t  100° C 
a r e  d ro p p e d  in to  100 g m  of w a te r  a t 10° C, th e  f in a l  t e m p e r ’ 
a tu r e  m u s t  b e :
(A) 25° C O  ,oo° C
(B) 55° C
(C) 65° C
(D) 70° C
(E ) 85° C
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( ) 18. If tw o  e q u a l  m a s s e s  of th e  s a m e  g a s  a r e  h e a te d  f r o m  15° C
to  20° C , th e  f i r s t  b e in g  k e p t  a t  c o n s ta n t  p r e s s u r e , th e  
se c o n d  a t  c o n s ta n t  v o lu m e , th e  h e a t  r e q u i r e d  f o r  th e  f i r s t  
m a s s  i s :
(A) l e s s  th a n  th e  h e a t r e q u i r e d  f o r  th e  s e c o n d
(B) th e  s a m e  a s  th e  h e a t  r e q u i r e d  f o r  th e  s e c o n d
(C) g r e a t e r  th a n  th e  h e a t  r e q u i r e d  f o r  th e  s e c o n d
(D) e i t h e r  g r e a t e r  o r  l e s s ,  d e p e n d in g  on  th e  k in d  of g a s
(E ) e i t h e r  g r e a t e r  o r  l e s s ,  d e p e n d in g  on  th e  a c tu a l  m a s s  of 

g a s

( ) 19. A f a t  m o u n ta in  c l im b e r  w i th  a  m a s s  of 100 kg  e a ts  a  c h o c 
o la te  c an d y  b a r ,  d e r iv in g  234 k i lo c a lo r i e s  of e n e rg y  f ro m  
i t .  If h is  b o d ily  m e c h a n is m  co u ld  u s e  t h is  e n e rg y  e f f i 
c ie n t ly  f o r  v e r t i c a l  c lim b in g , a b o u t how h ig h  w o u ld  i t  r a i s e  
h im ?
(A) 1
(B) 9 .8
(C) 100
(D) 9 ,8 0 0
(E) 1, 000 m e t e r s

( ) 20 . A m e ta l l ic  o b je c t  o f m a s s  1, 800 g r a m s  a t  25° C i s  p la c e d
in  s te a m  a t  100° C . W hen  15 g r a m s  of s te a m  c o n d e n se s  
on  th e  o b je c t ,  i t s  t e m p e r a t u r e  r i s e s  to  100° C . C a lc u la te  
th e  s p e c i f ic  h e a t  c a p a c i ty  of th e  o b je c t .  (Hv  = 540 c a l /g m )
(A) .0 1 2  c a l / g r - °  C
(B) . 06 c a l / g m - °  C
(C) . 12 c a l / g m - °  C
(D) . 18 c a l / g m - °  C
(E ) .3 6  c a l / g m - °  C

( ) 2 1 . W hen a  l iq u id  i s  h e a te d  in  a n  o p en  v e s s e l ,  i t s  t e m p e r a t u r e
r i s e s  u n t il :
(A) i t  i s  c o m p le te ly  e v a p o ra te d
(B) i t s  c r i t i c a l  t e m p e r a t u r e  i s  r e a c h e d
(C) i t s  v a p o r  p r e s s u r e  e q u a ls  a tm o s p h e r ic  p r e s s u r e
(D) th e  l a te n t  h e a t is  a l l  a b s o rb e d
(E) th e  k in d lin g  t e m p e r a t u r e  is  r e a c h e d

( ) 22 . If 50 g m  of ic e  a t  0° C a r e  p la c e d  in  a  t h e r m o s  b o t t le  c o n 
ta in in g  100 g m  of w a te r  a t  6° C , th e  w a te r  w i l l  m e l t :
(Hf = 80 c a l /g m )
(A) 2 g m  of ic e
(B) 7. 5 g m  of ic e
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(C) 8. 3 g m  of ic e
(D) 17 g m  of ic e
(E) 50 g m  of ic e

( ) 23 . If  th e  t e m p e r a tu r e  d i f f e re n c e  b e tw e e n  th e  f a c e s  of a  c o p p e r
m e ta l  p la te  i s  d o u b led , i t s  t h ic k n e s s  i n c r e a s e d  4 t im e s ,  
an d  i t s  a r e a  m a d e  3 t im e s  a s  g r e a t  a s  b e fo r e ,  th e  h e a t  i t  
w i l l  t r a n s f e r  p e r  s e c  i s :
(A) r e d u c e d  b y  a  f a c to r  o f 3
(B) i n c r e a s e d  by a  f a c to r  of 3 /2
(C) d e c r e a s e d  by  a  f a c to r  of 6
(D) i n c r e a s e d  by  a  f a c to r  of 8 /3
(E) d e c r e a s e d  by  a  f a c to r  o f 2 /3

( ) 24 . Tw o b la c k  b o d ie s  a r e  m a in ta in e d  a t  a b s o lu te  o r  K e lv in
t e m p e r a t u r e s  of A = 200° K, an d  B = 300° K, in  s u r r o u n d 
in g s  h av ing  a  c o n s ta n t  t e m p e r a t u r e  o f a b s o lu te  z e ro ,  0° K. 
T h e  r a t i o  of th e  r a t e  of r a d i a t i o n  of h e a t  f r o m  b o d y  B to  
th a t  r a d ia te d  by  bo d y  A i s :
(A) 3 /2
(B) 9 /4
(C) 2 7 /8
(D) 8 1 /1 6  a o o °  k  3 0 0 °  k
(E) 1 ( i . e .  b o th  r a d i a te  a t  th e  s a m e  r a t e )

( ) 2 5 . G iv e n :

T e m p e r a tu r e 0° C 5° C 10° C 15° C 20° C 25° C 30° C

W a te r  v a p o r  
p e r  c u b ic  
m e t e r  of 
s a tu r a te d  *air

4 . 9 g 6. 8 g 9- 4 g 1 2 . 8 g 17. 3 g 2 3 . Og 3 0 . Og

If  th e  a i r  a t  25° C h a s  a  r e l a t i v e  h u m id ity  of 30%, w h a t  w il l  
b e  th e  dew  p o in t of th e  a i r ?  ( a p p ro x im a te ly )
(A) 2° C
(B) 5° C
(C) 8° C
(D) 11 0 C
(E) 17 0 C

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

110 G e n e r a l  P h y s i c s  I, 1 2 /1 8 /7 3
T e s t  # 4 , C h a p te rs  13, 14, 15, 7 N am e  _________________________

M u ltip le  C h o ic e . P l a c e  th e  c a p i ta l  l e t t e r  th a t  r e p r e s e n t s  th e  b e s t  
a n s w e r  in  th e  ( ) a t  th e  le f t .  T o ta l  = 25 x  4 = 100%

( ) 1. A  bo d y  is  v ib ra t in g  b e tw e e n  p o s it io n s  A a n d  D in  th e
f ig u r e .  T h e  r e s to r in g  f o rc e  i s  z e ro  a t  th e  ^
p o s i t io n  la b e le d :  - - f t
(A) A, th e  en d  of th e  sw in g
(B) B, h a lfw ay  b e tw e e n  th e  en d  - - C

p o s it io n  an d  th e  m id p o s it io n
(C) C, th e  m id p o in t  of th e  sw ing
(D) th e  r e s t o r i n g  f o rc e  is  n e v e r  z e ro
(E) th e  r e s t o r i n g  f o rc e  is  a  c o n s ta n t

_L-D
( ) 2 . If a  s p r in g ,  h av in g  a  s p r in g  c o n s ta n t  k , i s  s t r e tc h e d  a

d is ta n c e  y, th e  w o rk  d one  on th e  s p r in g  i s :
(A) k
(B) ky
(C) k y 2

m  ¥
( E ) * £

( ) 3 . A  1 0 -g m  w e ig h t  s t r e tc h e s  a  h e l ic a l  s p r in g  of n e g lig ib le
m a s s  1 c m , th e  d i s to r t i o n  b e in g  w e l l  w i th in  th e  l im i t s  of 
e la s t i c i ty .  T h e  p e r io d  of v ib ra t io n  of th e  s u s p e n d e d  w e ig h t  
i s :
(A) 2 r f  s e c ____
(B) Z r r  /  - J 9 8 0 ’se c
(C) 2 Tf ^980 s e c
(D) 10 s e c
(E) 1 /1 0  s e c

( ) 4 . A m a s s  of 1 kg e x e c u te s  SHM  in  a  p e r io d  of 1 s e c  w i th  a n
a m p li tu d e  of 1 c m  (1 0 “2 m ). I ts  v e lo c i ty  a t  th e  m id p o in t  of 
i t s  sw ing  in  m / s e c  i s :
(A) 0 .0 2 7 T m /s e c
(B) 0. 2 7T
(C) 2 Tf
(D) 2 Tf 2
(E) 4 Tf 2
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( ) 5. A c e r t a in  lo n g  p e n d u lu m  is  fo u n d  to  h av e  a  p e r io d  of 3
s e c o n d s  on e a r t h  w h e r e  g = 32 f t / s e c 2 . T h is  s a m e  p e n d u 
lu m  is  fo u n d  to  h av e  a  p e r io d  of 6 s e c o n d s  on a n o th e r  
p la n e t .  T h e  v a lu e  of g, th e  a c c e l e r a t io n  of g ra v i ty ,  on 
t h i s  o th e r  p la n e t  i s :
(A) 8 f t / s e c 2
(B) 16 f t / s e c 2
(C) 64 f t / s e c 2
(D) 128 f t / s e c 2
(E) g c a n n o t b e  d e te r m in e d  w ith o u t k now ing  th e  le n g th  of 

th e  p e n d u lu m

( ) 6 . T h e  w a v e le n g th  of a  t r a n s v e r s e  w a v e  is  20 c m  an d  i ts
a m p l i tu d e  is  4 c m . A t p o in t A th e  d i s p la c e m e n t  is  4 c m . 
A t p o in t B, . 25 c m  a w ay  in  th e  d i r e c t i o n  of p ro p a g a t io n  of 
th e  w a v e , th e  d i s p la c e m e n t  in  c m  i s :
(A) 0 c m
(B) 1 c m
(C) 2 c m
(D) 4 c m
(E) 8 c m

( ) 7 . T o  i n c r e a s e  th e  s p e e d  of a  w a v e  in  a  s t r e tc h e d  s t r in g ,  th e
fo llo w in g  c h a n g e s  co u ld  b e  m a d e  to  th e  te n s io n  and  to  th e  
m a s s  p e r  u n it  le n g th :

( ) 8. A p u ls e  of th e  ty p e  sh o w n  t r a v e l in g  to
th e  l e f t  c o m e s  to  a  f ix e d  b o u n d a ry  and 
i s  r e f l e c t e d .  W h ich  of th e  d ia g r a m s  
b e lo w  c o r r e c t l y  r e p r e s e n t s  th e  r e t u r n 
in g  p u ls e ?

T e n s io n M a ss  /L e n g th
(A) i n c r e a s e d
(B) i n c r e a s e d
(C) d e c r e a s e d
(D) d e c r e a s e d

i n c r e a s e d
d e c r e a s e d
in c r e a s e d
d e c r e a s e d

(A)

(B)

(C)

(D )

( E >
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( ) 9- In  o r d e r  to  s e t  up  a  s ta n d in g  w a v e , f o r  e x a m p le  in  a  s t r in g ,
one m u s t  h a v e :
(A) tw o  w a v e s  t r a v e l i n g  in  th e  s a m e  d i r e c t io n
(B) tw o  w a v e s  t r a v e l i n g  in  o p p o s ite  d i r e c t io n s
(C) tw o  w a v e s  t r a v e l i n g  a t  r ig h t  a n g le s
(D) tw o  w a v e s  f r o m  one s o u r c e  t r a v e l in g  d i f f e r e n t  d i s ta n c e s
(E) n one  of th e  a b o v e  g iv e s  r i s e  to  s ta n d in g  w a v e s

( ) 10. A s t r in g  in  w h ic h  s ta n d in g  w a v e s  a r e  p ro d u c e d  is  8 f t  long
a n d  v ib r a t io n s  a r e  b e in g  s e n t  in to  it  n e a r  one en d  a t  th e  
r a t e  of 15 p e r  s e c o n d .  F iv e  c o m p le te  lo o p s  a r e  p ro d u c e d .  
T h e  v e lo c i ty  o f th e  w a v e s  in  th e  s t r i n g  is  (in  f t / s e c ) :
(A) 48
(B) 36
(C) 24
(D) 1 6 /5
(E) 8 /5

( ) 11. A lo n g itu d in a l  w a v e  is  s e t  up  in  a  g l a s s  r o d  1 .8  m  lo n g  so
t h a t  t h e r e  a r e  3 n o d e s  a n d  4 a n t i - n o d e s ,  th e  e n d s  b e in g  
a n t i - n o d e s .  A c o m p u ta tio n  u s in g  Y o u n g 's  m o d u lu s  an d  th e  
d e n s i ty  f o r  g l a s s  sh o w s th e  s p e e d  of th e  lo n g itu d in a l  w a v e s  
in  g l a s s  to  b e  4 , 800 m / s e c .  T h e  f re q u e n c y  of th e  sou n d  
c o m in g  f r o m  th e  g l a s s  i s :
(A) 2 , 670 H z ____ ________ _______

(E) i t  i s  i m p o s s ib l e  to  g e t  a  lo n g itu d in a l  w a v e  in  a  g la s s

( ) 12. T h e  c o m p r e s s i b i l i ty  k  o f w a t e r  i s  13 t im e s  th e  c o m p r e s s 
ib i l i ty  of m e r c u r y ,  i . e .  k (w a te r )  = 13 k ( m e r c u r y ) ,  w h e re  
k  = 1 /B u lk  M o d u lu s  E . T h e  m a s s  d e n s i ty  d of m e r c u r y  is  
13 t im e s  th e  m a s s  d e n s ity  o f w a te r ,  i . e .  d ( m e r c u r y )  =
13 d (w a te r ) .  T h is  m e a n s  th a t  th e  s p e e d  of so u n d  v  in  
m e r c u r y  is  th e  fo llo w in g  m u lt ip le  of th e  s p e e d  of so u n d  in  
w a t e r :
(A) 169
(B) 13
(C) 1, o r  th e  s a m e  s p e e d  in  b o th
(D) 1 /1 3
(E) 1 /1 6 9

(B) 4, 000 H z J,  Z E
(C) 4 ,4 5 0  H z ^  A
(D) 8, 000 H z **■---------------

3

ro d
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( ) 13. An e x tr e m e  d r o p  in  th e  t e m p e r a t u r e  of a i r  w i l l  c a u s e  th e
fo llo w in g  ch a n g e  in  th e  w a v e le n g th  a s s o c i a te d  w i th  a  p a r 
t i c u l a r  so u n d  p i tc h :
(A) th e  w a v e le n g th  w i l l  i n c r e a s e  s in c e  th e  v e lo c i ty  of 

so u n d  d e c r e a s e s  w i th  a  d ro p  in  t e m p e r a t u r e
(B) th e  w a v e le n g th  w i l l  i n c r e a s e  s in c e  th e  v e lo c i ty  of 

so u n d  w i l l  i n c r e a s e
(C) th e  w a v e le n g th  w i l l  r e m a in  u n c h a n g ed
(D) th e  w a v e le n g th  w i l l  d e c r e a s e  s in c e  th e  v e lo c i ty  of 

so u n d  d e c r e a s e s  w i th  a  d r o p  in  t e m p e r a t u r e
(E) th e  w a v e le n g th  w i l l  d e c r e a s e  s in c e  th e  v e lo c i ty  of 

so u n d  w i l l  i n c r e a s e

( ) 14. T h e  r a t i o  of th e  in te n s i t i e s  o f 2 s o u n d s , w h o se  lo u d n e s s e s
in  d e c ib e ls  a r e  r e s p e c t iv e ly  80 a n d  30 dB ab o v e  th e  t h r e s h 
o ld  of h e a r in g ,  i s :

( ) 15. T h e  t h r e e  c h a r a c t e r i s t i c s  o f a  so u n d  a r e  s a id  to  b e  p i tc h ,
q u a li ty , an d  lo u d n e s s .  T h e s e  a r e  s u b je c t iv e  i n t e r p r e t a 
t io n s  by  th e  h u m an  b r a i n  of th e  fo llo w in g  p h y s ic a l  c h a r a c 
t e r i s t i c s  of th e  so u n d :

( ) 16. If th e  n in th  (9 th) h a rm o n ic  o f a  n o te  h as  a  f re q u e n c y  of
810 c p s , th e  fo u r th  (4 th) h a rm o n ic  h a s  a  f re q u e n c y  o f:
(A) 90 cp s
(B) 2 0 2 .5  cp s
(C) 360 cp s
(D) 1, 8 2 2 .5  cp s
(E ) c a n 't  t e l l  w ith o u t k n o w in g  th e  n a m e  o f th e  to n e  h av in g  

a  f re q u e n c y  of 810 c p s

(A) f re q u e n c y
(B) f re q u e n c y
(C) w a v e fo rm
(D) w a v e fo rm
(E) in te n s i ty
(F ) in te n s i ty

P i tc h Q u a lity  L o u d n e s s
in te n s i ty  w a v e f o rm
w a v e f o rm  in te n s i ty
in te n s i ty  f re q u e n c y
f re q u e n c y  in te n s i ty
w a v e f o rm  f re q u e n c y
f re q u e n c y  w a v e f o rm
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( ) 17. T h e  s p e c t r u m  sh ow n a t  th e  r ig h t  i s  f o r
a  p ian o  p la y in g  C i  (33c p s ) .  T h is  
so u n d  s p e c t r u m  s h o w s :
(A) s tr o n g  fu n d a m e n ta l ,  

w e a k  4 th  h a rm o n ic
(B) w e a k  fu n d a m e n ta l ,  

s tr o n g  4 th  h a rm o n ic
(C) s tro n g  2n d  h a rm o n ic ,  

s tr o n g  3 r d  h a rm o n ic  , ^ y 5* t  i
(D) s tr o n g  fu n d a m e n ta l ,  s tr o n g  7 th  h a rm o n ic  Mrtrt.^o/0/c
(E ) th a t  a l l  th e  h a rm o n ic s  h ave  th e  s a m e  in te n s i ty

( ) 18. T w o w a v e  t r a i n s  s t a r t  o u t in  p h a s e .  T h e y  t r a v e l  v n e q u a l
p a th s  an d  a r e  b ro u g h t  b a c k  to g e th e r  a g a in . If th e y  a r e  to  
p ro d u c e  d e s t r u c t iv e  i n te r f e r e n c e  w h e n  th e y  c o m e  to g e th e r ,  
t h e i r  p a th  d i f f e r e n c e  m u s t  b e :
(A) an y  w h o le  n u m b e r  of h a lf  w a v e le n g th s
(B) an y  odd n u m b e r  of w a v e le n g th s
(C) an y  e v e n  n u m b e r  of w a v e le n g th s
(D) an y  e v e n  n u m b e r  of h a lf  w a v e le n g th s
(E) an y  odd n u m b e r  of h a lf  w a v e le n g th s

( ) 19. Tw o id e n t ic a l  tu n in g  f o rk s  v ib r a t e  a t  256 v i b / s e c .  One of 
th e m  is  lo a d e d  w i th  a  d ro p  of w ax , a f t e r  w h ic h  6 b e a ts  p e r  
s e c o n d  a r e  h e a rd  w h e n  th e  f o rk s  a r e  s o u n d e d . T h e  p e r io d  
of th e  lo a d e d  f o rk  in  s e c  i s :
(A) 0 .0 0 3  s e c
(B) 0 .0 0 4  s e c
(C) 0 .0 0 5  s e c
(D) Q..006 s e c
(E ) n one  of t h e s e

( ) 20 . If th e  f iv e  o r g a n  p ip e s  d e s c r ib e d  b e lo w  h ave  e q u a l  d i a m e te r s ,  
th e  one w h o se  fu n d a m e n ta l  to n e  h a s  th e  h ig h e s t  p i tc h  i s :
(A) a n  o p en  p ip e  8 f t  lo n g
(B) a n  o p en  p ip e  10 f t  long
(C) a  c lo s e d  p ip e  5 f t long
(D) a  c lo s e d  p ip e  9 f t  lo n g
(E) a  p ip e  in  w h ic h  th e  a n ti - n o d e s  a r e  16 ft a p a r t

Li I 11 1 I
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( ) 2 1 . E a c h  of fo
s t a r t  o u t i  
s t r e a m  flc  
t r a v e l s  the 
w in n in g  th
(A) A
(B) B
(C) C
(D) D
(E) t h e r e  

( i. e . 
t im e )

( ) 2 2 . A t a  s p e e d  o f 98% of th e  sp e ed  of l ig h t  ( i . e .  0 . 9 8  c) th e
f a c t o r  rvl 1 - ( v ^ /c ^ )  = 1 / 5 .  A c lo c k  m o v in g  a t  th is  s p e e d  is  
o b s e rv e d  by  a  s ta t io n a r y  o b s e r v e r ,  w ho  c la im s  th e  fo llo w 
in g :
(A) th e  m a s s  o f th e  c lo c k  i s  i n c r e a s e d  by  a  f a c to r  of 5; th e  

t im e  i n te r v a l  sh o w n  on th e  m o v in g  c lo c k  is  d e c r e a s e d  
to  1 /5  th e  t im e  in te r v a l  on a  l a b o r a to r y  c lo c k

(B) m a s s  i n c r e a s e s  by  f a c to r  of 5; t im e  in te r v a l  i n c r e a s e s  
to  5 t im e s

(C) m a s s  d e c r e a s e s  to  1 /5 ;  t im e  in te r v a l  i n c r e a s e s  to  
5 t im e s

(D) m a s s  d e c r e a s e s  to  1 /5 ;  t im e  in te r v a l  d e c r e a s e s  to  1 /5
(E ) b o th  m a s s  an d  t im e  a r e  th e  s a m e  a s  on th e  s ta t io n a r y  

c lo c k

u r  m e n  w ho  c a n  ro w  a  b o a t  5 m i / h r  in  s t i l l  w a te r  
n th e  d i r e c t i o n s  sh ow n in  a 
w in g  a t  4 m i / h r .  If e a c h  
3 s a m e  d i s ta n c e ,  th e  m a n  
e r a c e  i s :

w i l l  b e  a  fo u r - w a y  t ie  
a l l  f o u r  t a k e  th e  s a m e

( ) 23 . F o r  a  s p e e d  v  th a t  i s  98% of th e  s p e e d  of l ig h t  c , th e  r e l a 
t io n  1 /  nJ 1 - v 2 / c 2  h a s  th e  v a lu e  of 5. If a  s ta t io n a r y  o b 
s e r v e r  (on E a r th ,  sa y ) m e a s u r e s  a  m e t e r  s t i c k  p a s s in g  h im  
a t  a  s p e e d  of 0 . 98 c , he w i l l  c la im  th a t  th e  m o v in g  m e t e r  
s t i c k  ( c o m p a re d  to  h is  s ta t io n a r y  s c a le )  h as  a le n g th  o f:
(A) 20 c m
(B) 50 c m
(C) 80 c m
(D) 100 c m  ( i . e .  no ch a n g e )
(E ) 200 c m
(F )  500 c m

( ) 24 . T w o p a r t i c l e s ,  e a c h  of r e s t  m a s s  m D, a p p ro a c h  e a c h  o th e r
a t  e q u a l  h ig h  s p e e d s ,  c o ll id e ,  and  s t i c k  t o g e th e r  to  f o r m  a  
t h i r d  p a r t i c l e  of r e s t  m a s s  M 0 . It i s  c e r t a in :
(A) t h a t  M 0 i s  g r e a t e r  th a n  2 m Q
(B) th a t  M 0 i s  e q u a l  to  2 m Q
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(C) t h a t  M 0 i s  l e s s  th a n  2 m G
(D) th a t  M 0 m a y  b e  l a r g e r  o r  s m a l le r  th a n  2 m Q, d e p e n d 

in g  on  th e  a c tu a l  s p e e d  v

( ) 25 . If one k i lo g r a m  of m a s s  o f an y  s u b s ta n c e  w e r e  c o m p le te ly
a n n ih i la te d ,  i t  w o u ld  r e l e a s e  th e  fo llo w in g  e n e rg y :
(A) n o n e , s in c e  th e  m a s s  of a  b ody  is  c o n s ta n t
(B) 6 . 6 6  x  K T 11 J o u le
(C) 9 . 8 J
(D) 4 .5  x  1 0 16 J
(E ) 9. 0 x  1016 j
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110 G en e ra l P h y s ic s  I, 9 /1 1 /7 3
Quiz #1, C hap ter 1

1. (3 p ts )  T h e  t h r e e  f o r c e  v e c to r s  L , M , an d  N a r e  sh o w n  d ra w n  to
s c a l e  a n d  a r e  to  b e  a d d e d  to  g e t  t h e i r  r e s u l ta n t .  C i r c l e  th e  one

2 . (3 p ts )  D e te rm in e  g r a p h ic a l ly  th e  m a g n itu d e  o f th e  X an d  Y
c o m p o n e n ts  of v e c to r  V.

3 . (6 p ts )  T h r e e  f o r c e s  A, B , an d  C a r e  sh o w n . U s in g  th e  m e th o d
of r e s o lv in g  in to  X a n d  Y c o m p o n e n ts ,  d e te r m in e  th e  r e s u l ta n t
f o r c e  R (m a g n itu d e  an d  d i r e c t io n ) .  L e a v e  th e  a n g le  a s  a  t r i g  
fu n c tio n , i f  n e c e s s a r y ,  ( s in  53° = 0 .8 ,  c o s  53° = 0 .6 ,  
t a n  53° = 1 .3 )

F o r c e s  X -C o m p o n e n ts  Y -C o m p o n e n ts
A = 2 lb s  a t  0° V
B = 4 lb s  a t  90°
C = 5 lb s  a t  233°

(No c o m p u ta tio n  n e e d e d . )
of th e  fo llo w in g  v e c to r s  w h ic h  c o r r e c t l y  g iv e s  t h e i r  r e s u l t a n t , y  
(No c o m p u ta tio n  n e e d e d . ) r i

1 x

if.
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4 . (3 p ts )  T h r e e  r o p e s  A, J ,  an d  C m e e t  a t  a  k n o t  w i th  C h o ld in g  a
100 lb  w e ig h t.  W h ich  o f th e  t h r e e  r o p e s  h a s  th e  g r e a t e s t  t e n s io n ?  
(No c o m p u ta tio n  n e e d e d . )

110 G e n e r a l  P h y s i c s  I, 9 /1 8 /7 3  
Q u iz  # 2 , C h a p te r  2

1. (4 p ts )  A b o d y  h a s  a  m o tio n  d e s c r ib e d  by  th e  v e lo c i ty  v s .  t im e
g r a p h  h av in g  t h r e e  p a r t s  A, B , an d  C a s  sh o w n . D ra w  th e  
a c c e l e r a t io n  v s .  t im e  g ra p h  a s s o c i a te d  w i th  th e  m o tio n  o f t h is  
b o d y  f o r  th e  t h r e e  p a r t s  A, B, a n d  C .

oo
o
>

t im e

ao

t im e

2 . A c a r  t r a v e l in g  w ith  a  sp e e d  of 20 f t / s e c  a c c e l e r a t e s  u n ifo r m a l ly  
to  a  s p e e d  of 80 f t / s e c  in  a  t im e  of 15 s e c o n d s .
(a) (4 p ts )  D e te rm in e  th e  a c c e l e r a t io n  o f th e  c a r .
(b) (4 p ts )  How f a r  d o e s  th e  c a r  t r a v e l  d u r in g  th e  15 s e c ?
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3 . A b a l l  th ro w n  v e r t i c a l l y  u p w a rd  s ta y s  in  th e  a i r  f o r  6 s e c o n d s
(3 s e c  up , 3 se c  b a c k  dow n).
(a) (4 p ts )  W ith  w h a t i n i t ia l  v e lo c i ty  v Q i s  th e  

b a l l  th ro w n ?
(b) (4 p ts )  How h ig h  d o e s  th e  b a l l  r i s e ?

110 G e n e r a l  P h y s i c s  I, 9 /2 5 /7 3  
Q u iz  # 3 , C h a p te r  3

1. (3 p ts )  D e f in e  e i t h e r  (not b o th ) of th e  fo llo w in g :
N ew to n  of f o r c e ,  o r  D yne of f o r c e .

(3 p ts )  D e f in e  e i t h e r  of th e  fo llo w in g :
S lug  of m a s s ,  o r  K i lo g ra m  of m a s s .

(4 p ts )  A f r e ig h t  e le v a to r  w e ig h s  2, 400 lb s .  F in d  
th e  t e n s io n  in  th e  c a b le s  w h e n  it  a s c e n d s  w ith  an  
a c c e l e r a t io n  of 4 f t / s e c ^ .

an d  is  a t ta c h e d  
ock han g in g  f ro m

A 4 8 - lb  b lo c k  l i e s  on a  f la t  ta b le  
b y  m e a n s  of a  c o rd  to  a  1 6 - lb  b l 
a  p u l le y  a t  th e  e d g e  of th e  ta b le ,!  a s  show n. 
T h e r e  is  no f r i c t i o n .
(a) (3 p ts )  D e te rm in e  th e  a c c e l e r a t io n  of 

th e  s y s te m .
(b) (2 p ts )  D e te rm in e  th e  t e n s io n  T in  

th e  c o rd .

110 G e n e r a l  P h y s i c s  I, 1 0 /1 /7 3  
Q u iz  # 4 , C h a p te r  4

(4 p ts )  A  m a n  w ho  w e ig h s  200 lb s  on E a r th  w o u ld  w e ig h  how m u c h  
on  th e  p la n e t  N e p tu n e , w h ic h  h as  a  m a s s  th a t  i s  16 t im e s  th e  
E a r t h 's  m a s s  ( i. e .  M m = 1 6  M e ) and  h a s  a  r a d iu s  th a t  i s  4 t im e s  
th e  E a r t h 's  r a d iu s  ( i . e .  = 4 R e )- Show w o rk .

A f o r c e  P  = 340 lb s  a c c e l e r a t e s  a  320 lb  b lo c k  up a  30° in c l in e  p z  
a g a in s t  a n  o p p o s in g  fo rc e  of f r i c t i o n  of ^

= 0 .5 ,  c o s  30° : 0. 87,100 lb s .  ( s in  30° 
t a n  30° = 0 .5 8 )
(a) (2 p ts )  D e te rm in e  th e  c o m p o n e n t F x  

of th e  w e ig h t  W w h ic h  is  p a r a l l e l  to  
th e  in c l in e .

U) -  * 3 .0  IbS
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(b) (3 p ts )  D e te rm in e  th e  a c c e l e r a t io n  a  o f th e  b lo c k  up th e  
i n c l in e .

A p r o je c t i l e ,  f i r e d  a t  a n  a n g le  9, h a s  a  v e lo c i ty  w h o s e  X c o m p o 
n e n t i s  40  m / s e c ,  an d  w h o se  Y c o m p o n e n t is  1 9 .6  m / s e c .  A 
s to p w a tc h  sh o w s th e  p r o je c t i l e  to  be  in  f l ig h t  f o r  4 . 0 s e c o n d s  
( i, e . up + dow n = 4 s e c ) .
(R e m e m b e r  g = 9. 8 m / s e c 2 . ) ' y
(a) (3 p ts )  D e te rm in e  th e  m a x im u m  

h e ig h t  Y to  w h ic h  th e  p r o je c t i l e  
r i s e s .

(b) (3 p ts )  D e te rm in e  th e  r a n g e  X, 
o r  th e  d i s ta n c e  to  th e  p o in t 
w h e r e  th e  p r o je c t i l e  h i ts . Ho M/s

Hsec..

110 G e n e r a l  P h y s i c s  I, 1 0 /9 /7 3
Q u iz  #5 , C h a p te r  5

1. (5 p ts )  A 2 5 - lb  b lo c k  is  p u lle d  5 f t  a t  a  c o n s ta n t  s p e e d  a lo n g  a
h o r iz o n ta l  ta b le  b y  a  f o rc e  of 6 lb s .  D e te rm in e  th e  w o rk  d one
a g a in s t  th e  f o r c e s  of f r i c t i o n  (m a g n itu d e  an d  u n it) .

2 . (5 p ts )  A m a n  h a v in g  a  m a s s  of 60 kg (o r  a  w e ig h t  of 60 x  9. 8 N)
c l im b s  3 m e t e r s  up  a  v e r t i c a l  l a d d e r  in  6 s e c o n d s .  D e te rm in e
h is  p o w e r  in  w a t ts  .

(5 p ts )  A 3 2 - lb  b lo c k  s l id e s  f ro m  r e s t  dow n 
a n  in c l in e  3 f t  h ig h  and  13 f t lo n g  an d  h as  
a  s p e e d  of 8 f t / s e c  a t  th e  b o tto m . D e t e r 
m in e  th e  w o rk  d o n e  a g a in s t  f r i c t i o n  in  3 * t . |  
f t - l b s .  (H in t: u s e  th e  in te r c o n v e r s io n  
of k in e t ic  an d  p o te n t ia l  e n e r g i e s . )

We - O

110 G e n e r a l  P h y s i c s  I, 1 0 /1 5 /7 3  
Q uiz  # 6 , C h a p te r  6

1. (4 p ts )  How lo n g  (in  s e c )  w o u ld  a
f o rc e  of 30 N (30 n e w to n s)  h av e  to  
a c t  on a  m a s s  of 6 kg to  ch a n g e  
i t s  m o m e n tu m  f r o m  30 kg* m /s e c  
to  66 kg* m / s e c ?

f  s  3 o id

— O --------------------------------------O

=  s r u u c  v z i i w s
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(5 p ts )  A m a s s  of 16 kg  t r a v e l in g  4 m / s e c  m a k e s
a  c o m p le te ly  i n e l a s t i c  c o ll i s io n  w i th  a  m a s s  o f —£“<vi/$
4 kg  t r a v e l in g  5 m / s e c  in  th e  o p p o s ite  d i r e c t i o n .  J*’ /*  ^ ^
D e te rm in e  th e  v e lo c i ty  of th e  tw o  m a s s e s  a f t e r  7
th e  c o ll i s io n  (m a g n itu d e  an d  d i r e c t io n ) .  IN E L A S T IC  v ‘

(6 p ts )  A m a s s  of 3 kg t r a v e l in g  10 m / s e c  m a k e s  
a  c o m p le te ly  e la s t i c  c o ll i s io n  w ith  a n  i d e n t ic a l
m a s s  of 3 kg t r a v e l in g  in  th e  s a m e  d i r e c t io n  /O /viJs W * l/S
w ith  a  sp e e d  of 4 m / s e c .  D e te rm in e  th e  
v e lo c i t i e s  of th e  tw o  m a s s e s  im m e d ia te ly  
a f t e r  th e  c o ll is io n .

110 G e n e r a l  P h y s i c s  I, 1 0 /1 9 /7 3  
Q u iz  # 7 , C h a p te r  8

1. A r o ta t in g  f ly w h e e l  s p e e d s  up  f r o m  a n  a n g u la r  s p e e d  of 8 r a d i a n s /  
s e c o n d  to  44 r a d / s e c  in  6 s e c o n d s .
(a) (3 p ts )  D e te rm in e  th e  a n g u la r  a c c e l e r a t io n  in  r a d / s e c ^ .
(b) (3 p ts )  T h ro u g h  w h a t a n g le  9 in  r a d i a n s  d o e s  i t  t u r n  d u r in g  

th is  6 s e c o n d s ?

2 . (5 p ts )  T h e  f r i c t i o n a l  f o rc e  b e tw e e n  a  3 2 - lb
b lo c k  an d  a  ro u g h  tu rn ta b le  i s  7 lb s .  D e t e r 
m in e  th e  f a s t e s t  s p e e d  v  w ith  w h ic h  th e  
t a b l e  c a n  m o v e  th e  b lo c k  so  th a t  i t  w i l l  s ta y  
on th e  ta b le  a t  a  d i s ta n c e  of 7 f t  f r o m  th e  
c e n te r .  W  1  31- t b S

$  ~ ~l IbS
3 . (4 p ts )  A 2 0 0 - lb  m a n , if  s ta t io n a r y  a b o v e  th e  E a r th  a t  a n  a l t i 

tu d e  of 600 m iles;, w ou ld  w e ig h  150 lb s .  T h is  s a m e  m a n  in  a 
c i r c u l a r  s a ta l l i t e  o r b i t  a t  t h is  a l t i tu d e  w o u ld  h av e  a n  a p p a re n t  
" w e ig h t le s s n e s s " .  E x p la in .
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110 G en e ra l P h y sic s  I, 10/26 /73
Quiz #8, C hap te r 9

1. (6 p ts )  T h e  fo o t of a  l a d d e r  r e s t s  a g a in s t
a  v e r t i c a l  w a l l  a n d  on a  h o r iz o n ta l  f lo o r  
a s  sh o w n . T h e  to p  of th e  l a d d e r  is  s u p 
p o r te d  f r o m  th e  w a l l  by  a  h o r iz o n ta l  
ro p e  15 f t  lo n g  w h ic h  is  20 f t  ab o v e  th e  v,<3 
f lo o r .  T h e  la d d e r  is  25 f t  lo n g , w e ig h s  N 
50 lb s ,  w ith  i t s  c e n te r  of g r a v i ty  10 ft 
f r o m  th e  fo o t, a n d  a  1 0 0 - lb  m a n  is  5 f t 
f r o m  th e  to p . U se  th e  s e co n d  c o n d itio n  
f o r  e q u il ib r iu m  w ith  th e  fo o t o f th e  ladder™  
a s  a x is  an d  d e te r m in e  th e  t e n s io n  T in  th e  
r o p e .

5 0  IB 10 0  L3

(5 p ts )  An 8 - lb  w h e e l  h as  a  r a d iu s  r  = 0. 3 ft 
a n d  a  m o m e n t  of i n e r t i a  of 1 /8  a l - f t^ .  A ro p e  
a ro u n d  th e  r im  is  p u lle d  w ith  a  s te a d y  fo rc e  
of 5 l b s .  D e te rm in e  th e  a n g u la r  a c c e l e r 
a t io n  e t  of th e  w h e e l  in  r a d / s e c ^ .

(4 p ts )  C o m p u te  th e  r o ta t io n a l  k in e t ic  e n e rg y  
of a  3 -k g  f ly w h e e l  h av in g  a r a d iu s  of g y ra t io n  
K = 1 /4  m  w h ic h  is  ro ta t in g  on a  f ix e d  a x le  
w i th  a  c o n s ta n t  a n g u la r  sp e e d  CO = 8 r a d / s e c .  
(A n s w e r  in  J o u le s )

110 G e n e r a l  P h y s i c s  I, 1 1 /5 /7 3  
Q u iz  #9 , C h a p te r  10

T =  S ' h»s

Vmz t  lb T-Wl- i t 4

1. An a lu m in u m  p o s t  3 in c h e s  b y  4 in c h e s  an d
10 f t  lo n g  s u p p o r t s  a  lo ad  of 24 , 000 lb s .
U n d e r  t h is  lo a d  i t  i s  found  to  be  c o m 
p r e s s e d  by  0. 024 in c h .
(a) (4 p ts )  D e te rm in e  th e  s t r e s s  to  

w h ic h  th e  a lu m in u m  p o s t  is  s u b 
je c t e d .

(b) (4 p ts )  D e te rm in e  th e  s t r a in  s e t  
up  w ith in  th e  p o s t .

(c) (4 p ts )  D e te rm in e  th e  v a lu e  fo r  
Y o u n g 's  m o d u lu s  f o r  a lu m in u m .
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2 . An a lu m in u m  c y l in d e r  h av in g  a  s p e c i f ic  g r a v i ty  of
2 . 7 w e ig h s  540 g m  in  a i r .  W hen im m e r s e d  in  
c a rb o n  t e t r a c h l o r i d e ,  i t  w e ig h s  220  g m .
(a) (4 p ts )  D e te rm in e  th e  v o lu m e  of th e  

c y lin d e r  in  c m 2 .
(b) (4 p ts )  D e te rm in e  th e  d e n s i ty  of th e

C C I 4 in  g m /c m 2 . ( th e  m a s s  d e n s i ty  of w a te r  i s  1 g m /c m 2 )

110 G e n e r a l  P h y s i c s  I, 1 1 /9 /7 3  
Q uiz  # 10 , C h a p te r  11

1. (4 p ts )  A t e m p e r a t u r e  s c a le  h as  th e  f r e e z in g  p o in t
of w a te r  a t  2 0 ° an d  th e  b o ilin g  p o in t of w a te r  a t  
6 2 0 ° . D e te rm in e  th e  t e m p e r a t u r e  on  th is  s c a le  
th a t  c o r r e s p o n d s  to  40° on th e  C e ls iu s  s c a le .

2 . (3 p ts )  By w h a t f a c to r  m u s t  th e  m a s s  of a  g a s  b e  c h a n g e d  if  i ts
p r e s s u r e  P ,  v o lu m e  V, an d  a b s o lu te  t e m p e r a t u r e  T a r e  to  be  
s im u lta n e o u s ly  t r i p l e d ?

3,. (4 p ts )  By w h a t f a c t o r  m u s t  th e  a b s o lu te  t e m p e r a t u r e  T of a g a s
b e  m u lt ip l ie d  if  th e  a v e ra g e  v e lo c i ty  of th e  m o le c u le s  is  to  b e
t r i p le d ?

4 . (4 p ts )  A m a s s  of 1, 360 g r a m s  of m e r c u r y  a t  0° C o c c u p ie s
100 c m 2 o f v o lu m e . T h e  c o e f f ic ie n t  of t h e r m a l  v o lu m e  e x p a n 
s io n  i s  Y  = 2 x  10“4 / c °  . W hat v o lu m e  d o e s  1, 360 g m  of m e r c u r y  
o c c u p y  a t  300° C?

110 G e n e r a l  P h y s i c s  I, 1 1 /1 6 /7 3
Q uiz  # 11 , C h a p te r  12

1. (5 p ts )  D e te rm in e  th e  f in a l  t e m p e r a t u r e  w h e n  20 g m  of ic e  a t  0° C 
a r e  m ix e d  w ith  80 g m  of w a te r  a t  50° C . (Hf = 80 c a l /g m )

2 . (5 p ts )  How m a n y  c a lo r ie s  o f h e a t  a r e  r e l e a s e d  w h e n  20 g m  of 
s te a m  a t  100° C a r e  c o n v e r te d  to  ic e  a t  0° C ? (Hv  = 540 c a l /g m )

3 . (5 p ts )  A b r a s s  p la te  of 25 c m 2 a r e a  a n d  th ic k n e s s  5 c m  c o n d u c ts  
20 c a l / s e c  o f h e a t  w h e n  th e r e  i s  a  t e m p e r a t u r e  d i f f e re n c e  of 20° C 
b e tw e e n  i t s  f a c e s .  D e te rm in e  th e  c o e f f ic ie n t  o f t h e r m a l  c o n d u c 
t iv i ty ,  in c lu d in g  th e  u n i ts .
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110 G en e ra l P h y s ic s  I, 11/27 /73
Quiz #12, C hap ter 13

1. (5 p ts )  D e s c r ib e  th e  v e lo c i ty  c h a n g e s  an d  th e  a c c e l e r a t io n  
c h a n g e s  a s  a  b ody  v ib ra t in g  on a  s p r in g  g o e s  f r o m  i t s  lo w e s t  
p o s i t io n  to  i t s  h ig h e s t  p o s i t io n .

2 . A  2 kg  m a s s  on a  s p r in g  v ib r a t e s  w i th  a  p e r io d  of r f  s e c o n d s ,  an d  
a n  a m p l i tu d e  of 10“2 m . (N ote  th a t  2 kg  d o e s  n o t s t r e t c h  th e  
s p r in g  10 c m . )
(a) (5 p ts )  D e te rm in e  th e  f o rc e  c o n s ta n t  k  of th e  s p r in g  in  N /m .
(b) (5 p ts )  D e te rm in e  th e  m a x im u m  v e lo c i ty  v Q a s  th e  m a s s  g o e s  

t h ro u g h  i t s  e q u il ib r iu m  p o s it io n  o r  m id p o in t.
(H in t: P E m a x  = K E m a x )

3. (5 p ts )  A c e r t a in  p e n d u lu m  h as  a  f re q u e n c y  of 2 v i b r a t i o n s /  
s e c o n d  on E a r th  w h e r e  g = 32 f t / s e c ^ .  W hat w o u ld  b e  th e  
f re q u e n c y  of t h is  s a m e  p e n d u lu m  on a  m a s s iv e  p la n e t  w h e r e  
g = 9 x  32 = 288 f t / s e c ^ ?

110 G e n e r a l  P h y s ic s  I, 1 2 /4 /7 3  
Q uiz  # 1 3 , C h a p te r  14

1. H ow  l a r g e  a  w e ig h t  m u s t  b e  hung on th e  en d  o f a  t h r e a d  200 c m  
lo n g  if  th e  s p e e d  of t r a n s v e r s e  w a v e s  in  i t  i s  to  b e  40  c m / s e c ?  
T h e  t h r e a d  w e ig h s  0. 50 g m  f o r  e a c h  100 c m  of le n g th .  Y ou do 
n o t h av e  to  o b ta in  a  n u m e r i c a l  a n s w e r  to  t h i s  p r o b le m .

G iv e n :  v  = T A n s w e r  th e  fo llo w in g :
\J m /  Li

(a) (1 p t) W rite  dow n th e  s y m b o l of th e  v a r i a b le  to  b e  fo u n d .
(b) (3 p ts )  W rite  dow n th e  g iv en  q u a n ti t ie s  w i th  t h e i r  n u m e r i c a l  

v a lu e s  an d  u n i ts .
(c) (3 p ts )  S o lve  th e  e q u a tio n  f o r  th e  v a r i a b le  w h ic h  is  to  be  

fo u n d  (in  t e r m s  of th e  s y m b o ls ,  n o t n u m b e r s ) .
(d) (1 p t) T h e  a n s w e r  w i l l  b e  in  w h a t u n i ts ?

2 . (5 p ts )  D e s c r ib e  b r ie f ly  th e  f i lm  T a c o m a  B r id g e  s e e n  d u r in g  
c la s s  l a s t  T h u r s d a y .
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A  b a r  o r  r o d  150 c m  (1 .5  m ) lo n g  is  
c la m p e d  a s  sh o w n  s o  a s  to  v ib r a t e  A
lo n g itu d in a l ly  in  i t s  3 rd  m o d e  of
v i b r a t io n  w i th  a  f re q u e n c y  of 3, 000 .  .7
c y c l e s / s e c  (H z). * * c/*»
(a) (3 p t s )  D e te rm in e  th e  w a v e -  * _  ^ o t ) o  H i

le n g th  A of th e  w a v e s  in  th e  ^  ”~
b a r .

(b) (4 p ts )  D e te rm in e  th e  s p e e d  v  o f th e  lo n g itu d in a l  w a v e s  in  
th e  b a r .

110 G e n e r a l  P h y s ic s  I, 1 2 /1 1 /7 3  
Q u iz  # 1 4 , C h a p te r  15

1. (4 p ts )  D o u b lin g  th e  in te n s i ty  of a  so u n d  i n c r e a s e s  i t s  in te n s i ty  
l e v e l  o r  lo u d n e s s  b y  3 dB (d e c ib e ls ) .  D e te rm in e  th e  in te n s i ty  
le v e l  in  dB f o r  e ig h t  (8 ) s in g e r s  i f  e a c h  is  s in g in g  70 dB ab o v e  
th e  t h r e s h o ld  of h e a r in g .

2 . A m a n  w is h e s  to  f in d  how f a r  dow n th e  w a te r  le v e l  
i s  in  a  p ip e  le a d in g  in to  a n  o ld  w e l l .  H e f in d s  th a t  
th e  lo w e s t  f re q u e n c y  so u n d  th a t  r e s o n a t e s  in  th e  i. 
p ip e  is  55 H z ( c y c l e s / s e c ) .  A s s u m e  th e  sp e e d  of 
so u n d  to  b e  1, 100 f t / s e c .
(a) (2 p ts )  D e te rm in e  th e  w a v e le n g th  \  of th e  

55 H z so u n d .
(b) (3 p ts )  D e te rm in e  th e  d e p th  L  to  th e  w a te r  

in  th e  p ip e .

3 . T h e  s i r e n  on a  f i r e  t r u c k  h as  a  t r u e  f re q u e n c y  of 2 , 090 H z (c p s ) .
A s ta t io n a r y  o b s e r v e r  s a y s  th e  a p p ro a c h in g  f i r e  t r u c k  h a s  an  
a p p a r e n t  f r e q u e n c y  of 2, 200 H z. If th e  sp e e d  of so u n d  i s  1, 100 
f t / s e c ,  w h a t i s  th e  s p e e d  of th e  f i r e  t r u c k ?  Y ou do n o t h av e  to  
o b ta in  a  n u m e r i c a l  a n s w e r  to  th is  p ro b le m .

G iv e n :  f 1 = f v  7 ^ - .

(a) (1 p t) F r o m  th e  ab o v e  e q u a tio n , w r i te  dow n th e  s y m b o l of th e  
v a r i a b le  to  b e  fo u n d , an d  g iv e  i t s  u n its .

(b) (2 p ts )  F r o m  th e  ab o v e  e q u a tio n , w r i te  dow n th e  s y m b o ls  of 
th e  g iv e n  v a r i a b le s  and  t h e i r  v a lu e s .

(c) (3 p ts )  S o lv e  th e  e q u a tio n  f o r  th e  v a r i a b le  w h ic h  is  to  b e  d e t e r 
m in e d  in  t e r m s  of sy m b o ls  (not n u m b e r s ) .
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APPEN D IX  B

A T T IT U D E  S C A L E S

P r o b le m -S o lv in g  S c a le

D i r e c t io n s : P l e a s e  w r i te  y o u r  n a m e  in  th e  u p p e r  r ig h t -h a n d  c o r n e r .  
E a c h  o f th e  s ta te m e n ts  on  th is  o p in io n n a ire  e x p r e s s e s  a  fe e l in g  
w h ic h  a  p a r t i c u l a r  p e r s o n  h as  to w a rd  p r o b le m -s o lv in g .  Y ou a r e  to  
e x p r e s s ,  on a  f iv e - p o in t  s c a l e ,  th e  e x te n t  of a g re e m e n t  b e tw e e n  th e  
f e e l in g  e x p r e s s e d  in  e a c h  s ta te m e n t  an d  y o u r  own p e r s o n a l  fe e l in g .  
T h e  f iv e  p o in ts  a r e :  S t ro n g ly  D i s a g re e  (SD), D is a g re e  (D), 
U n d e c id ed  (U), A g re e  (A), S tro n g ly  A g re e  (SA). You a r e  to  e n c i r c le  
th e  l e t t e r ( s )  w h ic h  b e s t  in d ic a te  how c lo s e ly  you a g r e e  o r  d i s a g r e e  
w ith  th e  f e e l in g  e x p r e s s e d  in  e a c h  s ta te m e n t  AS IT  CO N C ER N S YOU.

1. I  a m  m o re  i n te r e s t e d  in  th e  t h e o r e t i c a l  th a n  th e  a p p lie d  a s p e c t s  
of m y  m a jo r  f ie ld .

SD D U A SA

2. P r o b le m - s o lv in g  i s  one of m y  f a v o r i te  s u b je c t s .
SD D U A SA

3. W hen a  p r o b le m  a r i s e s  th a t  I  c a n 't  im m e d ia te ly  so lv e , I s t i c k  
w i th  i t  u n til  I  h av e  th e  s o lu tio n .

SD D U A SA

4 . I l ik e  to  t r y  new  g a m e s .
SD D U A SA

5. I  a m  m o re  i n t e r e s t e d  in  th e  p h y s ic a l  s c ie n c e s  th a n  h u m a n i t ie s .
SD D U A SA

6 . I  f in d  i t  h e lp fu l to  c o u n t on  m y  f in g e r s  w h e n  do in g  p r o b le m 
s o lv in g .

SD D U A SA

7. I p r e f e r  f ic t io n  to  n o n - f ic tio n .
SD D U A SA

8 . E v e r y  c o lle g e  s tu d e n t  sh o u ld  ta k e  a t  l e a s t  one p r o b le m -s o lv in g  
c o u r s e .

SD D U A SA
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9 . I  l ik e  p u z z l e s .
SD D U A SA

10. E n g l is h  i s  one of m y  f a v o r i te  s u b je c t s .
SD D U A SA

11. I  w o u ld  l ik e  to  do s c ie n t i f ic  r e s e a r c h .
SD D U A SA

12. I  a m  c h a lle n g e d  by s i tu a tio n s  I  c a n 't  im m e d ia te ly  u n d e r s ta n d .
SD D U A SA

13. I  e n jo y  p r o b le m  s o lv in g  of m an y  k in d s .
SD D U A SA

14. I  a v o id  g a m e s  w h ic h  in v o lv e  in te l le c tu a l  p r o b le m s .
SD D U A SA

15. I  w o u ld  r a t h e r  b e  a  p h i lo s o p h e r  th a n  a n  a r t i s t .
SD D U A SA

16. I  a m  a s  g ood  a t  so lv in g  p u z z le s  a s  m o s t  of m y  f r i e n d s  a r e .
SD D U A SA

P h y s ic s  S c a le

D i r e c t io n s : P l e a s e  w r i te  y o u r  n a m e  in  th e  u p p e r  r ig h t -h a n d  c o r n e r .  
E a c h  o f th e  s ta te m e n ts  on  th is  o p in io n n a ire  e x p r e s s e s  a  f e e l in g  
w h ic h  a  p a r t i c u l a r  p e r s o n  h a s  to w a rd  p h y s ic s .  Y ou a r e  to  e x p r e s s ,  
on a  f iv e - p o in t  s c a le ,  th e  e x te n t  of a g re e m e n t  b e tw e e n  th e  fe e l in g  
e x p r e s s e d  in  e a c h  s ta te m e n t  an d  y o u r  ow n p e r s o n a l  f e e l in g .  T h e  
f iv e  p o in ts  a r e :  S tro n g ly  D is a g re e  (SD), D is a g re e  (D), U n d e c id e d  
(U), A g re e  (A), S tro n g ly  A g re e  (SA). Y ou a r e  to  e n c i r c le  th e  
l e t t e r ( s )  w h ic h  b e s t  in d ic a te  how c lo s e ly  you a g r e e  o r  d i s a g r e e  w ith  
th e  fe e l in g  e x p r e s s e d  in  e a c h  s ta te m e n t  AS IT  C O N C E R N S YO U.

1. I  a m  a lw a y s  u n d e r  a  t e r r i b l e  s t r a in  in  a  p h y s ic s  c l a s s .
SD D U A SA

2 . I  do  n o t l ik e  p h y s ic s ,  an d  i t  s c a r e s  m e  to  h av e  to  t a k e  i t .
SD D U A SA

3. P h y s i c s  i s  v e r y  i n te r e s t in g  to  m e , an d  I e n jo y  p h y s ic s  c o u r s e s .
SD D U A SA
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4 . P h y s i c s  i s  f a s c in a t in g  an d  fu n .
SD D U A SA

5. P h y s i c s  m a k e s  m e  f e e l  s e c u r e ,  an d  a t  th e  s a m e  t im e  i t  is  
s t im u la t in g .

SD D U A SA

6 . M y m in d  g o e s  b la n k , a n d  I a m  u n a b le  to  th in k  c le a r ly  w h e n  
w o rk in g  p h y s ic s .

SD D U A SA

7. I  f e e l  a  s e n s e  of in s e c u r i t y  w h e n  a tte m p t in g  p h y s ic s .
SD D U A SA

8 . P h y s i c s  m a k e s  m e  f e e l  u n c o m fo r ta b le ,  r e s t l e s s ,  i r r i t a b l e  and  
im p a t ie n t .

SD D U A SA

9. T h e  f e e l in g  th a t  I  h a v e  to w a rd  p h y s ic s  i s  a  goo d  fe e l in g .
SD D U A SA

10. P h y s i c s  m a k e s  m e  f e e l  a s  th o u g h  I 'm  l o s t  in  a  ju n g le  of n u m 
b e r s  a n d  c a n 't  f in d  m y  w a y  ou t.

SD D U A SA

11. P h y s i c s  i s  s o m e th in g  w h ic h  I  e n jo y  a  g r e a t  d e a l.
SD D U A SA

12. W hen  I  h e a r  th e  w o rd  p h y s ic s ,  I  h a v e  a  f e e l in g  of d i s l ik e .
SD D U A SA

13. I a p p ro a c h  p h y s ic s  w ith  a f e e l in g  of h e s i ta t io n ,  r e s u l t in g  f ro m  
a f e a r  of n o t b e in g  a b le  to  do p h y s ic s .

SD D U A SA

14. I r e a l l y  l ik e  p h y s ic s .
SD D U A SA

15. P h y s i c s  i s  a  c o u r s e  in  sc h o o l w h ic h  I  h av e  a lw a y s  en jo y e d  
s tu d y in g .

SD D U A SA

16. It m a k e s  m e  n e rv o u s  to  e v e n  th in k  a b o u t h av in g  to  do a  p h y s ic s  
p r o b le m .

SD D U A SA
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17. I  h av e  n e v e r  l ik e d  p h y s ic s ,  a n d  i t  i s  m y  m o s t  d r e a d e d  s u b je c t .
SD D U A SA

18. I  a m  h a p p ie r  in  a  p h y s ic s  c l a s s  th a n  in  an y  o th e r  c la s s .
SD D U A SA

19. I f e e l  a t  e a s e  i n  p h y s ic s ,  and  I  l ik e  i t  v e ry  m u c h .
SD D U A SA

20 . I f e e l  a  d e f in i te  p o s i t iv e  r e a c t io n  to  p h y s ic s ;  i t ' s  e n jo y a b le .
SD D U A SA
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W E S T E R N  M ICHIGA N U N IV ER SIT Y

I n s t r u c t o r 's  N a m e  
P h y s i c s

C o u r s e  N u m b e r S e c tio n

T h e  in fo r m a t io n  on th e  r e s p o n s e  s h e e t  w i l l  be  t a b u la te d  f o r  d e p a r t 
m e n ta l  u s e  a n d  r e tu r n e d  to  th e  i n s t r u c t o r  only  a f t e r  f in a l  g r a d e s  
h av e  b e e n  s u b m itte d .  A n s w e r  on ly  th o s e  q u e s tio n s  f o r  w h ic h  y o u r  
k n o w led g e  is  s u ff ic ie n t  to  ju d g e . R a te  th e  fo llo w in g  s ta te m e n ts  on  
a  s c a le  1 -5  w ith  th e  i n te r p r e t a t i o n :

USE p o o r
b e lo w

a v e ra g e a v e ra g e
ab o v e

a v e ra g e e x c e l le n t
B L A C K 1 2 3 4 5
P E N C IL d i s a g r e e d i s a g r e e n e u tr a l a g r e e a g r e e
ONLY s tr o n g ly so m e w h a t so m e w h a t s tr o n g ly

I. T H E  CO U R SE (ex c lu d in g  lab )

1. C a ta lo g  a c c u r a te ly  d e s c r ib e s  c o u r s e  1 2 3 4 5

2 . W o rk  r e q u i r e d  w a s  a p p ro p r ia te  fo r  c o lle g e -  1 2 3 4 5
le v e l  c r e d i t  g iv e n

3. T e x t  w a s  h e lp fu l to  m e  1 2 3 4 5

4 . P a c e  of th e  c o u r s e  w a s  r e a s o n a b le  1 2 3 4 5

5. L e v e l  of d i f f ic u l ty  w a s  r e a s o n a b le  1 2 3 4 5

6 . V a lu e  o r  u s e fu ln e s s  of th e  c o u r s e  to  m e  1 2 3 4 5

7 . C o u r s e  in c r e a s e d  m y  i n t e r e s t  in  p h y s ic s  1 2 3 4 5

8 . G e n e r a l  e v a lu a t io n  of th e  c o u r s e  1 2 3 4 5

II. T H E  IN S T R U C T O R

9 . G ra d in g  of t e s t s  w a s  d one  f a i r l y  1 2 3 4 5

10. P r e s e n t a t i o n  of m a t e r i a l  w a s  w e l l  o rg a n iz e d  1 2 3 4 5
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11. G iv e s  en o u g h  e x a m p le s  to  i l l u s t r a t e  c o n c e p ts  1 2 3 4 5

12. H a s  th o ro u g h  k n o w led g e  o f th e  s u b je c t  1 2 3 4 5

13. C o m m u n ic a te s  s a t i s f a c to r i ly  (sp e a k in g , w r i t in g ,  1 2 3 4 5
e t c . )

14. S t im u la te s  th in k in g  a b o u t th e  c o u r s e  c o n te n t  1 2 3 4 5

15. P r e s e n t s  id e a s  in  a n  i n te r e s t in g  a n d  u n d e r -  1 2 3 4 5
s ta n d a b le  f a s h io n

16. G iv e s  t e s t s  th a t  a r e  r e p r e s e n ta t i v e  of th e  1 2 3 4 5
m a t e r i a l  c o v e re d

17. Show s i n t e r e s t  in  th e  c o u r s e  m a t e r i a l  1 2 3 4 5

18. H a s  b e e n  w il lin g  to  h e lp  m e  o u ts id e  of c la s s  1 2 3 4 5
up o n  r e q u e s t

19. M a k e s  c l e a r  how c o u r s e  g r a d e  w i l l  b e  d e t e r -  1 2 3 4 5
m in e d

2 0 . I  w o u ld  l ik e  to  ta k e  a n o th e r  c o u r s e  f ro m  th is  1 2 3 4 5
i n s t r u c t o r

2 1 . G e n e r a l  e v a lu a t io n  of i n s t r u c t o r  1 2 3 4 5

III. P l e a s e  r e s p o n d  to  th e  fo llo w in g  q u e s t io n s .  (U se  b a c k  of s h e e t ,
i f  n e c e s s a r y . )

1. W h at d id  you p a r t i c u l a r l y  l ik e  a b o u t th e  c o u r s e  a n d /o r  th e  
i n s t r u c t o r ?

2. W hat d id  you  p a r t i c u l a r l y  d i s l ik e  a b o u t th e  c o u r s e  a n d /o r  
th e  i n s t r u c t o r ?

3. Do yo u  h ave  an y  s p e c i f ic  s u g g e s t io n s  f o r  im p ro v e m e n t  of 
th e  c o u r s e  a n d /o r  th e  t e a c h e r 's  m e th o d s  of p r e s e n t in g  th e  
c o u r s e ?
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A P P E N D IX  C 

C O M P U T E R  H O M EW O R K  A SSIG N M EN TS

H o m e w o rk  A s s ig n m e n t  1

I. U s in g  e a s t  a s  a n  a n g le  o f 0° an d  n o r th  a s  9 0 ° , u s e  th e

c o m p u te r  p r o g r a m  v e c to r  to  so lv e  p r o b le m s  1 an d  2 , c h a p te r  

1 (B u e c h e ) .

II. W ri te  a  c o m p u te r  p r o g r a m  to  a d d  t h r e e  v e c to r s .  T h is

sh o u ld  be a  m o d if ic a t io n  o f th e  p r o g r a m  to  ad d  tw o  v e c to r s ,

v e c t o r . U se  th e  p r o g r a m  to  s o lv e  p r o b le m s  9» 10, an d  17, 

c h a p te r  1 (B u e c h e) .

N o te :  In  a l l  a s s ig n m e n t s  t u r n  in  th e  p r o b le m  la b e le d  

p r o p e r ly  an d  a  co p y  of th e  p r o g r a m .  W rite  in  th e  a p p r o p r i a t e  

u n its  f o r  th e  a n s w e r .

H o m e w o rk  A s s ig n m e n t  2

I. W ri te  a  c o m p u te r  p r o g r a m  to  so lv e  p r o b le m  1, c h a p te r  3.

C h e c k  y o u r  p r o g r a m  b y  u s in g  th i s  s a m p le  d a ta .  If th e  w e ig h t of 

a c a r  = 1, 600  lb s ,  a n d  th e  r e q u i r e d  a c c e l e r a t io n  = 1 f t / s e c ^ ,  

th e n  th e  lo a d  w il l  b e  50 lb s .  S o lv e  p r o b le m  1, c h a p te r  3. F in d  

th e  a c c e l e r a t io n  in  p r o b le m  4 , c h a p te r  3, th e n  u s e  y o u r  p r o g r a m  

to  f in d  th e  f o rc e  r e q u i r e d .  (Y ou m a y  u s e  th e  p r o g r a m  f ro m  

p a r t  V I of th e  p r e v io u s  h o m e w o rk  to  f in d  a . )

84
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I I. W r i te  a  p r o g r a m  to  c o m p u te  th e  f o rc e  of g r a v i ta t io n a l

a t t r a c t io n  b e tw e e n  tw o  b o d ie s .  G iv en  th e  m a s s e s  of th e  b o d ie s  

a n d  th e  s e p a r a t i o n  of t h e i r  c e n te r s  of m a s s ,  u s e  y o u r  p r o g r a m  

to  f in d  th e  g r a v i t a t i o n a l  f o r c e  of a t t r a c t io n  b e tw e e n  th e  p ro to n  

a n d  e le c t r o n  if  th e y  a r e  s e p a r a te d  by  1 x  10"^ c m . (T h is  is  

a p p ro x im a te ly  th e  r a d iu s  of th e  B o h r  a t o m . ) U se  y o u r  p r o g r a m  

to  so lv e  p r o b le m s  1 and  2 , c h a p te r  4 . U se  y o u r  p r o g r a m  f ro m  

p a r t  I  a b o v e  to  f in d  th e  w e ig h t  of a  n e u tro n  a t  th e  E a r th 's  s u r 

f a c e .

H o m e w o rk  A s s ig n m e n t  3

I. W ri te  a  p r o g r a m  to  so lv e  I l l u s t r a t i o n  5 .6 ,  m e th o d  2

(p ag e  94). U se  y o u r  p r o g r a m  to  s o lv e  p r o b le m s  3, 10 ( f i r s t  

p a r t ) ,  an d  15, in  c h a p te r  5.

I I. W rite  a  p r o g r a m  to .in p u t  F , s ,  9, a n d  s o lv e  E q u a tio n  5 .2  

(p ag e  84). S o lv e  p r o b le m  1, c h a p te r  5, u s in g  y o u r  p r o g r a m .

If th e  te n s io n  in  th e  ro p e  in  F ig .  5 .3  i s  20 lb s  an d  9 i s  4 5 ° , how 

m u c h  w o rk  i s  d o n e  p u llin g  th e  s le d  100 f t?  (B e s u re  to  c o n v e r t  

d e g r e e s  to  r a d i a n s  in  y o u r  p r o g r a m  b e fo re  ta k in g  c o s in e .  )

I II . P r o b le m s  3, 4 a , a n d  5, c h a p te r  6» a r e  of th e  s a m e  ty p e ;  

one  b o d y  c o l l id e s  w ith  a  b o d y  a t  r e s t ,  th e  tw o  b o d ie s  s t i c k  t o 

g e th e r  a f t e r  th e  c o l l i s io n .  T h e  v e lo c i ty  of th e  f i r s t  b ody  is  

g iv e n , th e  c o m m o n  v e lo c i ty  of th e  b o d ie s  a f t e r  th e  c o l l i s io n  is
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r e q u i r e d .  W ri te  a  p r o g r a m  to  c o m p u te  f in a l  v e lo c i ty  g iv e n  th e  

m a s s e s  a n d  in i t i a l  v e lo c i ty .  S o lv e  th e  t h r e e  p r o b le m s .  In  

p r o b le m  3, u s e  1 g r a m  f o r  th e  m a s s  of b a l l  1. R e p e a t  u s in g

10 g r a m s .  D o e s  th e  m a s s  m a t t e r  i f  th e  b a l l s  a r e  id e n t ic a l?

In  p r o b le m  4, in p u t  m a s s e s ,  no t w e ig h ts .

H o m e w o rk  A s s ig n m e n t  4

A p r o je c t i l e  i s  s h o t  h o r iz o n ta l ly  (a t th e  E a r th 's  s u r f a c e )  

w i th  a  v e lo c i ty  v Q f r o m  a  h e ig h t h. W rite  a  p r o g r a m  to  c a lc u 

la te  th e  d is ta n c e  t r a v e l e d  s ^ , an d  t im e  of f lig h t  t .  (H in t:  

s ^  = v Qt  an d  h = 1 /2  g t^ )  C h e c k  y o u r  p r o g r a m  b y  so lv in g  th e  

e x a m p le  on  p a g e  7 7 . T h e n  u s e  y o u r  p r o g r a m  to  so lv e  p r o b le m s

11 (1 s t  p a r t )  and*12, c h a p te r  4 .
Vo ^  fttW T

P r o b le m  7 , c h a p te r  4 , c a n  b e  s o lv e d  b y  u s in g  E q u a tio n

4 . 7 to  f in d  th e  a c c e l e r a t i o n  an d  th e n  u s in g  E q u a tio n  2. lOd, S 

m a y  b e  c o m p u te d . W ri te  a  p r o g r a m  to  c o m p u te  a  a n d  th e n  S. 

N o te : F r ic t io n  a c t s  dow n th e  in c l in e ,  in  th e  o p p o s ite  d i r e c t i o n  

of th e  b lo c k  in  th e  e x a m p le  (p ag e  70), w h e r e  E q u a tio n  4 . 7 is  

d e v e lo p e d . T h e r e f o r e  th e  f r i c t i o n  f o rc e  is  n e g a tiv e  ( -2 0 0  lb ) . 

A lso  n o te  you  m u s t  u s e  e i t h e r  th e  n u m e r ic a l  v a lu e  o f s in  37° o r
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c o n v e r t  37° to  r a d ia n s  b e fo r e  ta k in g  th e  s in e  in  th e  p r o g ra m .

Y ou m a y  w is h  to  in p u t th e  a n g le  a s  p a r t  of y o u r  d a ta  so  th a t  

y o u r  p r o g r a m  c a n  s o lv e  p ro b le m s  of v a r io u s  a n g le s .

H o m e w o rk  A s s ig n m e n t  5

I. W r i te  a  c o m p u te r  p r o g r a m  w h ic h  w il l  so lv e  f o r  th e  p r e s 

s u r e  if  a  (0 ) i s  in p u t, v o lu m e  if  (1) is  in p u t, and t e m p e r a t u r e  if 

yo u  ty p e  in  a  (2). T h e  e q u a tio n  r e q u i r e d  is  .

U se  y o u r  p r o g r a m  to  s o lv e  I l lu s tr a t io n s  1 1 .3 , 1 1 .4 , 1 1 .5 , an d  

p r o b le m s  4 (in  a tm o s p h e re s  o n ly ), 5, 6 , an d  7, c h a p te r  11.

II. S e le c t  a  p r o b le m  f r o m  th e  s e t  a t  th e  en d  of c h a p te r  12.

W ri te  a  p r o g r a m  to  s o lv e  th e  p r o b le m .  C le a r ly  la b e l  th e  p r o b 

l e m  you s e le c te d ,  y o u r  a n s w e r ,  and  th e  a n s w e r  c o m p u te d  by 

h an d . If you c a n  f in d  an  i l l u s t r a t i o n  in  th e  c h a p te r  o r  a n o th e r  

p r o b le m ,  u s e  y o u r  p r o g r a m  to  so lv e  i t .  O th e rw is e  m a k e  up a  

s e t  of d a ta  an d  u s e  y o u r  p r o g r a m  to  so lv e  th e  p ro b le m .

H o m e w o rk  A s s ig n m e n t 6

I. W ri te  a  p r o g r a m  to  so lv e  E q u a tio n  1 3 .7 .  U se  y o u r  p r o 

g r a m  to  so lv e  I l l u s t r a t i o n  1 3 .2 . T h e n  s ta r t i n g  w ith  a  m a s s  of

1 . 0 kg an d  in c r e a s in g  by  1 kg e a c h  t im e ,  o b ta in  th e  p e r io d  of 

m a s s e s  f r o m  1 to  10 k g . P lo t  on a  g r a p h  t  v s .  m  (m  on th e  

x - a x i s ) .  C o m m e n t on  th e  r e l a t i o n s h ip  o f t  to  m .
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II. W ri te  a  p r o g r a m  to  so lv e  f o r  f '  ( th e  f re q u e n c y  o f so u n d

one h e a r s )  in  E q u a t io n  1 5 .2 .  U se  y o u r  p r o g r a m  to  s o lv e  

p r o b le m  19, c h a p te r  15.

III. S e le c t  a  p r o b le m  o r  i l l u s t r a t i o n  f r o m  c h a p te r  13, 14, o r

15. W rite  a  p r o g r a m  to  so lv e  th e  p r o b le m .  C o m p a re  th e  a n 

s w e r  f r o m  th e  p r o g r a m  to  th e  a n s w e r  o b ta in e d  b y  s o lv in g  th e  

p r o b le m  b y  han d . S e le c t  a n o th e r  p r o b le m  of th e  s a m e  ty p e  (o r  

m a n u f a c tu r e  a  s e t  o f d a ta )  a n d  u s e  y o u r  p r o g r a m  to  s o lv e  th is  

p r o b le m .  C le a r ly  l a b e l  th e  p r o b le m s  w h ic h  you  s o lv e .

H o m e w o rk  A s s ig n m e n t  8

I. In  I l l u s t r a t i o n  9 .7 ,  m g h  = 1 /2  m v ^  + 1 /2  Iw 2 . S in ce

I  = m K 2 w e f in d  m g h  = 1 / 2  m v 2 + 1 /2  m K 2w 2 ; m  d iv id e s  out 

a n d  w  = v / r .  T h is  g iv e s  g h = l / 2 v 2 + l / 2  K 2 —r- . S o lv in g  f o r

I k ZTv  = \  2 g h /  (1 + "JT2J. P u t t in g  in  K f o r  a  hoop, s o lid  d isk , o r  a  

s o l id  s p h e re  ( f ro m  T a b le  9 .1 ) l e a d s  to  t h r e e  e q u a tio n s .  W rite  

a  p r o g r a m  to  so lv e  th e  p r o p e r  e q u a tio n  (one of th e  t h r e e )  a f t e r  

ty p in g  in  a  0 , 1, o r  2 f o r  a  hoop , d isk , o r  s p h e r e  r e s p e c t iv e ly .  

(U se  th e  s a m e  te c h n iq u e  a s  in  p a r t  II, A s s ig n m e n t  7 . )  U se  y o u r  

p r o g r a m  to  so lv e  p r o b le m s  30 an d  31, c h a p te r  9. (You m u s t  

f in d  h f ro m  d a ta  in  th e  p r o b l e m . ) A lso  u s e  v a lu e s  of r  an d  h 

(w h ich  you s e le c t )  to  a n s w e r  Q u e s tio n  7, p ag e  185. (P lu g  in  

th e  s a m e  v a lu e s  f o r  e a c h  i te m  an d  s e e  w h ic h  r o l l s  f a s t e s t . )
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P a s t  e x p e r ie n c e  in d ic a te s  th a t  m o s t  d i f f ic u l t i e s  in  t h is  

a s s ig n m e n t  a r i s e  in  so lv in g  f o r  v  f o r  th e  hoop, d isk ,  o r  s p h e re .  

Y ou m a y  w is h  to  c h e c k  y o u r  t h r e e  e q u a tio n s  w ith  a  f r ie n d  o r  th e  

i n s t r u c t o r  b e fo re  w r i t in g  th e  p r o g r a m .

H o m e w o rk  A s s ig n m e n t  9

I. W rite  a  c o m p u te r  p r o g r a m  w h ic h  w i l l  s o lv e  f o r  th e  p r e s 

s u re  if  (0 ) is  in p u t, v o lu m e  if  ( 1 ) i s  in p u t,  and  t e m p e r a t u r e  if  

P i  V i T i
you ty p e  in  a  (2). R e q u ire d  is  = ' ^ Se ^ o u r  Pr ° g r a m

to  s o lv e  I l l u s t r a t i o n s  1 1 .3 , 1 1 .4 ,  1 1 .5 ,  and  p r o b le m s  4 (in  

a tm o s p h e re s  on ly ), 5, 6 , an d  7, c h a p te r  11. (N o te : 0 = z e ro )

II. S e le c t  a  p ro b le m  f r o m  th e  s e t  a t  th e  end of c h a p te r  12.

W rite  a  p r o g ra m  to  s o lv e  th e  p r o b le m .  C le a r ly  l a b e l  th e  p r o b 

le m  you s e le c te d ,  y o u r  a n s w e r ,  an d  th e  a n s w e r  c o m p u te d  by  

han d .

H o m e w o rk  A s s ig n m e n t  10

I. W rite  a p r o g ra m  to  so lv e  E q u a t io n  13. 7. U se  y o u r  p r o 

g r a m  to  so lv e  I l l u s t r a t i o n  1 3 .2 .  T h e n  s ta r t i n g  w ith  a  m a s s  of 

1 . 0 kg and in c r e a s in g  by  1 . 0 kg e a c h  t im e ,  o b ta in  th e  p e r io d  of 

m a s s e s  f ro m  1 to  10 kg . (Y ou w il l  n eed  to  r u n  y o u r  p r o g r a m  

te n  t i m e s . )  P lo t  a  g r a p h  of t  v s .  m  (m  on th e  x - a x i s ) .  C o m m e n t 

on th e  r e la t io n s h ip  of t  to  m .
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H o m e w o rk  A s s ig n m e n t  11

I . W r i te  a  p r o g r a m  to  so lv e  fo r  f ' ( th e  f re q u e n c y  of so u n d

one h e a r s )  in  E q u a tio n  1 5 .2 .  U se  y o u r  p r o g r a m  to  s o lv e  p r o b 

l e m  19, c h a p te r  15.
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