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,,\RE,\ I - N,IOTION IN ONE AND TWO DI\,TENSIONS

Ansuc r Solut ion

I ' hYs i cs  L l r t i t  J  S ( r l u1 i ( r ns

2.13 .

- 1  n t r l

t i r r r .  -  r l i . t r r r r , . r '  |  \ n \ ' e ( l  -  l l { t : 5 - l - 1  .

s i n0= l
r

0  =  s in  r

0  =  5 l . l l

bernnc =

I rc l r l ing t r i lng lc  l rhorc nrust  bc a 3 : -1 :  5  t r iar l

. .  \pecd rc l i l t i \c  to  f ivcr  bot to i r  is  - l  r I  s  l

, r l

r 5

l l JO  +  5 i  =  2 l l '

-10 s
t i n r r  =  r l i s l i i n c c  +  s P c c c l  =  l l 0 - 3  = 1 0  s

L r  t r ts t 'L l t t t t t l i t t l  rur . i r r l r ' .  1  l0  :  : rnsr , 'c r  - l

\  c l t i u l r l l r : L r  =  l 0  : i n  l 0 ' '  =  - 5  r n  s  l .  r ' =  0  t t ,  ,  '  ( , r l  t h c  t o p ) .

r r  =  l 0 n t s  r . : = l

2.25 nr

I .0  s

8.67 nr

, . 1

\  = L l  +  r l  \

0  =  5 l  l t ) s

l ( ) ,  =  l i
\  -  l . l - i  l |

hr i rh t  =  1 .15  *  1 .0  =  l . l . i  r r r

\  c l t i e r L l l r :  L r  =  5  r r r  .

0  =  5  l 0  t
l 0  r  =  5
t  =  0.5 \  t ( )  thc toP
. ' .  to t l i l  I ' l i ! r l r t  t inrc  = L0 s

Horizont i t l l r :  Lr  = l0 cos 10" = 1i .67 nr s '

s=  L r t= l J . 67x  1 .0=8 .67  n r

Once thr .  ca l  is  in  t l i rh t .  the onlv  l i r rces l rc t in : :  on i t  ure u i r  res is tunce
( r r c g l i g i h l e ) a n d  - s l a r i t l  d o t , r r u r r t l s  i n  d i r c c t i o n  [ : .

( a l  l h c t o p ) . r =  l 0 n r  t  t .  t =  l



-)
l ' h r  s i cs  t l n i t . l  So lu l i o l l \1 l  S  L \ \ ' I )L rb l i .h in !  l0 (X)

a
T

Ansn er Solut ion

l n e l

l { ) l(X) l--
c()n\1rr t  speed is  tc l tchcd r r l tc t t  t l r i r

l l ier  E0 nr .  l i ic t ior rL l  l i r lccs = 100 N

i n t  t o t c c  =  l l - i c t i o r t r t l  i o r . c '

= rh ' i r  i r ts  l i rcc

l l

t2

l - l

I J

l 5

Jx  lO j . f

2(Xm \\'

().625 m s :

\ \ 'ork dorrc =

(  (  rn  \ (q  L ! (  n t  id  I

r h  i r  i n s  l i r r c c  x  r l i s t i L t t e c  =  l ( X )  x  l ( X )  =  - 1 0 . ( l ( t o . l

r / / / r n f / .  i u t s \ \ c r  l 0  r  I ( X )

\ \ ( ' l  k
l \ ' r r , . r  = f f i -  l , t . t t t t t t  ,  : t '  r  l l ( r \ \

i )11 \ t ' t lL t ( t l l i u l  r / / r . r r r? i :  lL t l : \ \ c t  l0  +  l0

at 60 rr .  f l ic t ional  t i r recs = .150 \ .  d l i r  ing l i r rcc = -10(t  \

... I;,,,., = 100 -l-50 = 50 N

lLccclcr i t t io l  = [ ] , , , .  :  1 lu: :  = 50 -  f iO = 0 615

2.7.1 x  l0  
j

N k g '

('
I  h ( .  gn t \  i t l t t ion t l l  p t r l l  o l  t l r c  l :e r th  co l l l i l l l L tcs  t ( r  I r l (1 \  i ( l c  lhe  e .n t f ipc l i l l

i i r r e c  t c t l u i r c t l  t o  k c c p  t h e  u I c n c h  i t t  c i r c t l l l l r  l l l ( r t i L ) l l  r t t L r t t l l t l  l h c  l - l t r t l l

c r  c n  t l t o u g h  l l t c  t t e n e  l t  i r  n o  l t t t t g e r  i t l  c r t n t l t . l  \ \  l l l l  l l l i  l l \ l f o l l l t t l t

( ) I l  I

=  (6 .67  r  l 0  r r  > , .  - r . ( )S  r  l 0 r ' ) -  ( l . t i l  r  l l l ' r L r . t  , .  l 0

l 6 1.02 x I  ()r =  \ ( ( r . ( r 7  x  l 0  L ; < . 5 . 9 f i  r  l ( l  :  r . l . s l  x  l 0 ' ) )  =  l 0 l l . 3
r r ; l /

t7 l l  ms '

l )  -  n r , . ,  x  \ \ . r ,

consct t  l t l  io l t  o l

= 1100 . '  ta  +

l i r c t  p  =  p  =

)  r  =  i . l . ( X ) O

I  l 0  .  0  =  . 1 . 1 . ( X ) ( )  k g  r n  s

( l l l  + l l l . L l X \  r . \ . 1

- 1910=  l l . . l - 1

+  n l . , L j  x  \ .  r

1 l l  (  )  n t c l l t  L  
- l l

+  710 )x  \.1.1.0(X) = t l l00
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\\ ork done to ovcfcoDtc

l - r t , , , , , , ,  X  s  =  l / 2  I l . l  \ -

5(XX)  r  s  =  % x  l 9 l0  ><

s=  l l t 7 .  I 06 .6  +  l ( l l 0=

l l  ic t ion = loss ol  k inet ic energr

I  l . . l + l

-.17.1

Phr  s i es  I  Tn r t  ]  So lL r t i ons

r ( 's  i \ td lce of  60{)  O.

Ansn er

-17.;l m

AREA 2 -  F: I ,E( 'TRO\I ( 'S A\D PHOTO\ICS

Solut ion

R . . , , . r f  . .  = (-10 '  + -+0 '  )  = l7. l -1

R ' , , ' . , r=  I7 . I - {  +  l 0  =  17 . l ' 1

L:sing thc r  ol tugc dir  jc lc l  i i r lnrula u i th R r  = l0 O and

t7  t - t
\  _  t .  -  <  <  |  \ '

I t 0+17 . | . 1  r

(  t t t t s t t1 t t t  t t I i I I r l i r r rz r ' :  l0 - t . ( rS  :  l tns r lc r  I

S l t t t l t t t t t  t r t  l i k t , l v  t t )  u \1 ,  n lunr  l i l l t ' n t t l  r l l ( l l to l . \ .

0.32 r\

l :1  i s  lhc  \ i i r rc  i i \  lh r  c r - r l l cn t  l lou  i r tg  th loLrg l t  t l t c  t  l ro lc  c i l cLr i t .

| -n= l t - l 7 . l_1  =0 . t t l l

oR

V: ,=  l l  5 . -5 -1  = ( r . - l ( rV . ' .  I . , ,  =6 .+6-10=0 . . l l l

(o  . \ ( ( lu ( l t l i d l r r l r r r  c l - .  l l  - : -  ans$e t  l

(  on\ (qL!( t l l iu l  r r i r . r l r 'c r ' .  0 .191 x l  rs \ \er  l7  squared

l ieadin-u l l 'onr the graph. l0 lur corresl . ronds

v,", ,=er l  t""  l=,
i  l (X) + 6(X) l

. {nsrrcr

-t7 f2

5.5 \ '

Solution



Ansuer

( )  S  IAV Pt rh l i s l r in !  l lX ) ( r Phr  s i cs  [ ] n i t  I  So lL r t i o l s

Solut ion

- r i l I  
-  

. .  )  l \ . . . -  \ \  ' : l r i  = r , . l { n r -  l l l l l r r  V , ' t  l . l  \ .  c , l r r i r r r l . . r r r  1 1 , { { ) . { r V
\ \

. ' .  l  s lop inu l in t ' is  c l lawn on the qf t rph l i rn t  (  .1 .0.6)  to  (0. .1 .  { ) .6) l rcncc l l tv ing l  gn l . l ienr
o l  - l (X)  t  l i r l  inrer t ing.  anr l  2(X)  f i r r  thc gain) .  E i ther  s ic le  ot  the s lopin l  l inc a lc  r \ \o
hot- iu  o l t l t l  sect ior ts  / i r r r l  /?( , (  { ) \  \ . / / - \ '  l r t r  l l t l l  r t rurk .s) .

Voltage Ampli f  ier Characterist ic

Vort (V)
o.s 4

<-
-6 -5 3 4 5

>

- - v

-0.6 \'
For-an\
-0 .6  v .

input  \  o l t l lge r rbor . '  - l  nr \ '
-1  r t tV i :  her  ond t l tc  l i r tcur '
o l  t  t t t< t l l  ( ) r  \ ( t t t r r t t l i ( )n  i \

.  t l ' r r '  output  r  o l l r l r '  r r  i l l  Ic r ra in l t
opc lat inr  r . lLn! r  o l  thc . rnrp l i f ic r .  /No
/ra( 'c \  \ i / r ' \ '  l r t r  t t t l l  n tur / .s .  )

2.1mv

o u t p L r t  A C ' r o l t a - l r c s  u  i l l  h i r r c  t h c  \ r i n r .
pc k  \ ' l r lucs.

120 Ht,
lr)pLlt l lr)d

c l i l l e r e n I

l reqLlenc\ ' .  . jus l



i t )  S  l , \ \ '  t ' L rh l i . h i n !  l 0 (X ) [ ' h r  s  i c r  [ - n i t . ]  So lL r l i ons

-
a Anslrer Solut ion

Vo'-. (V)

L i n e  l i r l l o r i '  t h c  r  u r i s  l h l r  t h c  l c l t  u n t i l  u b o L r t  0 . 7  V  r i h c r c  i t  c u l r c s  u p n a r d s  i n d i c a t i n g
that  thc d iot lc  \ t ru1\  con(h lc t i l ls  u  hel  t l r is  r  o l t lgc is  appl icd l rcr ( )ss i t .

220 kQ
r  t t l l i igc t l rop rLe ross Rr = 6 -  0 .7 = 5. - l  V

R . =  \ '  - :  l  = 5 . . i - 1 1 + . l  x  l 0  " r = I l r ) . 9 l 7 ( ) = l l 0 k o

2.9 \'

3.1 v

I 100  I r=  100x  l - 1 . I  x  l 0  "  =  0 . (X ) l - l l  A

lR  =  0 . (X ) l -11  x  1 l ( ) ( )  =  l . l Jg l

l 2
\ " , ,  , = 6  \ ' . = 6  1 . t 1  = . i . 1

( ( )n. \ lL l l ta t l l i t l l  r , t  r r r  ( , r ' .  6  ansu et  l  I



i i )  S  IAV  l ' ub l i sh in r l  l (X ) ( r

Detailed study I - Einstein's special relativity

Ans* er Solut ion

N' larqel l  p lo l toscd tht t  l ight  \ \us e lect  rontasn! . t ic  \ \ i l \es thr t  t fa \e l lcJ rhr ' , ,1 . : : :  . .  t . . ' . l iLr11r
c l l lcc l  thc aet l ler  (or  c ther) .

l h r ' f t r l P r r r c  \ \ l r \  l r ,  t l l c i t \ l l l c  t l t c  ' P s s i , ' l  t h e  E r r l l t  | c l ; r t i r . .1() thc uether.

D)o\ cr))en1. Thc r l lot ion ol  l l t .Thc oLr tconrc ua\  th l l t  thc cxpcr i l ) ten l  l  i lcd to  nteasure anY
I iar th through thc acther  r l 'as unt le tectablc .

In  th is  instnncL'  "propcr '  rc lers to  thc lneasure l lcnt  takcn hy ln  ut rsen cr  u ho is  at  rcst
fe l l t ivc  to  the object  bc ing ohscl rcd.

t , ^ -

\ ' l  0.6

56m

The spacecl r l t  r i  i l l  bc
c l inrcnsion s ( rv  id th lnd

!  =1,*r . r .s=-56
),

t  t  n  t . s  t '  t  l  t  t  c  t  t  l  i  t  t  I  u  t  t . t  t r  t ,  r  : ' 1  0  +  a l t  s \ \  c f 1 ]

lc rqth cont factc( l  to  56 ln  (cOtr  scqLrc l t t  ia l  on Q-51.  
' fhc 

other
hc ight)  \ \  i l l  rernain thc sarr re.

!+ r , , =10 .0  &  r= l - 1 . . 1  )  ) / - t + t , , = l - 1 .1  - 10=1 . -13

9 l . l ' r  c
= r  ' 0 . 9 1 1 L , r ' 9 1  I ' ,  e

The |c l l t i re  rc loc i l ics  o l  d is taI l t  s l i t r \  l l td  i : lL lar ics 1()  t l lL .  ( )h \c ' r \e f  on I . . l r I lh  caLrsr .s  thc l ight
( t t i t v e l l r n g  r t  i r  f i r c d  r a l u c  o 1 ' c  i n  l L l l  l l r n r c s  ( ) 1  r L ' l e r e n c c ) l ( )  l l n ( l c r ! ( )  l l L - r p l e n c v  s h i l i s .  l ' h i s
l l lc l t l ls  t l la l  oh. jects  recedin-g l i r t t t  thc F-ar th r rnt lc lgo red shi l t  (kr r rscr  t i i rc ' le t r { : lhs) i tnd thosc
ct t t t t ins tout t rds thc Er | th  a |e h luc sh i t ied ( \hor tcr  \ \ r \c lc l )Sth5) l 'he l i lc l  th l t  l ) to \ t  ob jccts
i r lc  reeet l in t :  l lor r r  the [ :ar - th  ( r -c t l  sh i l tec l l  g i rcs crcdcncc to thc conccpt  of th t  crpuncl ing
L l n i r  c l s c  u r r d  t h e  b i s  b u n g  t h c o l r .

l , l - . . r r l

\ / '  
' t  r-{ '-

9

totl i l  l ]] i ls\-cncfl]\

=r , ' z  x  9 . l  r  l 0  
' r

, .  I  l=  
" ' 2  

n t , i \  +  I l t , , c

x (0 .9x i x  l 0 \  ) r  +  t ) .  I

+ t . 19x  l 0  1=  l . l 5 x

r  l 0  
r  r  ( - l  x  l 0 t )

l 0  r '

5(r nr

l o  ' 3 . f

lr
l . l 5  x

= .1. .1  l ( r (15 r  l0  r  I
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Detailed study

I ' l l \  s i . \  L , l i t  I  So lu l i ons

Ansn cr

2 -  l l t r  cs t iga t ing  nra ter ia lsand their use in structures

Solut ion

J L r s l i l i e r r l i i i n  i s  i n  Q l  h c l o u(l

Ins l : rh i l i t \  is  c luret l  I r r  i r  l r ish ecntrc  ot  n l rss ( ( ) r  cent fc  ot  g fav i t ] , )  rnd l r  narr .orv basc.
Obicc l  f  has l tn  c ' t lL t i t i l r  h i lh  e .o .nr .  l rs  ot r . icc ts  A & D.  hut  ob. jcct  C h l rs  a narroyucr  [1rsr . .

B r i t t l c  n t i i t c r i i r l r  l r r i l  1 r r s l  r r l r c r  t h e i r . c l l : t i c  l i t n i t .  . . .  B .

ToLrghcst  n. r i l tc t i lL l  l t i t \  l l l r '  l . l rgL.s t  n lcr  Lrndcr  i ts  graph.  . . .  A.
I

\ later ia l \ f t rst  br i t t  Ic ' I  
o t rghesl

( i r aph

l l t r '  t lLrut i l i t r  o l  n lL tc l i i r l  . \  is  ind icatcd on lhc ! r ' lph bv c . last ic  i rnd p last ic  leu ions.

. \ 1 r \  I  ( ) l  t h c  l i r l l o * i n g :

L Str in [ ' : ,s  s tcc l  h ts  i r  h i -uh tcns i lc  \ t r r .n .s th i l l  o f ( lcr  to  \ \  i th \ t l t rd  h ig l r  f i r rce s .

l .  St lL in lcss \ t rc l  Ic \ is ls  r t l \ t ing i r r )d so r r l in t r ins i ts  s t r -cngth then e. rposci l  to  thc r . le l rcnts
(  r . c .  f l l l l t  ) .

-1.  St r i i r le  ss s tcc l  t  i rc  pr-or  idr 's

l

goor l  lcns iorr  l i r r  :nra l l  n l tss u h ich is  i lnpor t ln l  f i r r  lL i r .u- l f t .

l . u  x  l0 r  N T=nrg=  l . t x  l 0 ' r  l 0=  l . l i  x  lO t

^ :  =  (  1 .8  x  l 0 r l -  ( n  x  ( 7 .0  x  l 0  
' ) r  +  J )

= ( l . l i  x  l 0 r r  :  t . l .NJs  x  l 0  i ) =  - 1 .677  r  l 0 r  =  J .7  x  l 0 \  N  n r  l (corrcct  to  I  s ig  l i - r . rs1
T

IJ
t0  )

r  l (XX) n l l r r  =  ( r . -5 f i  tnrn

Tl l t ' l . r t r ic i t t {  r r i rcs l tnc l  s l t tcar lcr r  l t r lp  to  s t i l lcn t l le  th in  l l l i rs t  i in( l  \ top i1  fnr r r r  l to l inL Lrndcr
thc t i r rcc o l  t l r t '  u  ind o l  lhc s tL i l .

I ' l  
he p l t r t rk  s  i l l  t ip  *  hcn i l  c rer ts  no l i ) rce on l l tc  L l l  t r .cst lc

Tl rkc tor t lLrcs i l l t ( )u t  lhc RH t r -cst le  c t  lc t  t l rc '  d is l i rnct '  Ol ' lhc ntan f j -orn
t h c  R I I  t l c s t l e  u  h c n  i l  s r i r l t s  t o  t i p  h c . r :

( 1 0  !  l 0 )  x  0 . 5  =  1 7 5  . . .  l { ) r  x  . r

1 0 0 =  7 5 0  i  )  r  =  1 0 0 -  7 5 0 = 0 .  l - t . t  r n  l l . o r l  r h c  R l l t r . c s t l e

. .  t l is l iurce l lor l  thc cnr l  o l  t l tc  l l l i lnk = I  -  0 .  l . l . l  =  L i l7  nt

l
l

I

I

.l

l

6.6 rnnr

ol,

I

=  -1 .7  r  l 0sx1 .8 . ( l x

= 0.(X)6-sS rn = 0.006.5E

t { ) l .lJ7 rn
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Detailcd stuclv 3 - Further electronics

Ans\r'er

P h r : i i s  L  n i t  . r  \ , , l L t i L r n '

Solut ion

A single dirr le t  i l l  producr.  a hal f  r r  rLr c
u i th c i t  her polrui t r , .

r c . l i l i c d  s i g n a l .  H a l l  \ \  i r \  r  \ i ! r . L r  ! . r n  r r !  r 1 t . 1 \ \  n

=  101 r

c')
, i  t o

I t= r - ( -
'+  

r  l 00  r  l 0  r ' )=  l (XX)  O =  I  k rz

l l r . . i u e  , ' i  l l r .  r r 1 ' 1 r i .  r ,  l l , r . - ' , ' i ; r t t  l r ( ' \ i , l ( l l i l l e ( l  h \ : rr, '. = t;21

= l  l { r  . l r r  : ' l { r r r  l  r t  l { ) ' l - U . - + \

oR

sincc T = 100 rns lLr td thc pc l io t l  o f  the s icnal  -  l0  nrs.  thcrc *  i l l  bc onl r  rL  srnal l  r - ipp lc
r o l t l g c  a r r t l  l h i \  ! l n  b c  t l r r u n  o n  t h c  r r a p h .

l le t t te t t thr ' t  th iL t  t l lc  ( l i ( )dc r i  i l l  takc orr l  i r t ror r t  0 .7 V.  lo , , re l in i . t  thc gf iLph s igni f icat r t l r .

l in lc  {  nrs  )



5 l A \  I ' L  h i l ' h r  s i e  :  Un i t  - l  So lu t i on :

o \  l ) r u  t r Solut ion

: l r  \ = l R ., . r  = I  r  l0 = l0

)  N \= l0x  l l (X ) - l - 10=  l (X )

I  t ) | t \ (L l I l ( t t I iu Id r r i r r t , l ' .  ans$c t .1  X  -5

P,,,t',,' = P,,,,r',,,= I'lrx /i = 20 r I = -10 W

(()r1.\((ltt(|1|i(tI(//t.\ l l  (,f. ans\\,cf -+ x l

I  l l l l  t u r n r

t  
- t
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