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D ata

acceleration of free fall g	  	����ௗPௗV – 2

VSHHG RI OLJKW LQ IUHH VSDFH c = 3 .00 × 108 ௗPௗV – 1

HOHPHQWDU\ FKDUJH e = 1.6 0 × 10– 19ௗ&

XQLILHG DWRPLF PDVV XQLW �ௗX	  	���� × 10– 27 ௗNJ

UHVW PDVV RI SURWRQ mS = 1.6 7 × 10– 27 ௗNJ

UHVW PDVV RI HOHFWURQ me = 9.11 × 10– 3 1ௗNJ

$YRJDGUR FRQVWDQW NA = 6 .02 × 1023 ௗPRO – 1

PRODU JDV FRQVWDQW R	  	����ௗ-ௗ. – 1ௗPRO – 1

%ROW]PDQQ FRQVWDQW k = 1.3 8 × 10– 23 ௗ-ௗ. – 1

JUDYLWDWLRQDO FRQVWDQW G = 6 .6 7 × 10– 11ௗ1ௗP2ௗNJ – 2

SHUPLWWLYLW\ RI IUHH VSDFH ε0 = 8 .8 5 × 10– 12ௗ)ௗP – 1

( 4
1

0rf
= 8 .99 × 109ௗPௗ) – 1)

3ODQFN FRQVWDQW h = 6 .6 3 × 10– 3 4ௗ-ௗV

6WHIDQ±%ROW]PDQQ FRQVWDQW σ = 5 .6 7 × 10– 8 ௗ:ௗP – 2ௗ. – 4

Formulae

XQLIRUPO\ DFFHOHUDWHG PRWLRQ	 s = ut + 2
1at 2

v 2 = u 2 + 2as

K\GURVWDWLF SUHVVXUH	 ∆p = ρg¨h

XSWKUXVW	 F = ρgV

'RSSOHU HIIHFW IRU VRXQG ZDYHV	 fo = v v
f v

V

V
!

electric current I = Anvq

UHVLVWRUV LQ VHULHV	 R = R1 + R2 + ...

UHVLVWRUV LQ SDUDOOHO	 R
1 = R

1
1
 +  R

1
2
 +  ...

PMT



3

97 02/ 04/ SP/ 22© UCLES 2019 [Turn over

JUDYLWDWLRQDO SRWHQWLDO	 ϕ	  	±ௗ r
GM

JUDYLWDWLRQDO SRWHQWLDO HQHUJ\	 EP	  	±ௗ r
GMm

SUHVVXUH RI DQ LGHDO JDV	 p = V
Nm

3
1 〈c2〉

VLPSOH KDUPRQLF PRWLRQ	 a	  	±ௗω2x

YHORFLW\ RI SDUWLFOH LQ V�K�P�	 v = v0ௗFRVௗωt

v = ±ω ( )x x0
2 2−

HOHFWULF SRWHQWLDO	 V = r
Q

4 0rf

HOHFWULFDO SRWHQWLDO HQHUJ\	 EP = r
Qq

4 0rf

FDSDFLWRUV LQ VHULHV	 C
1 = C

1
1
 +  C

1
2
 +  ...

FDSDFLWRUV LQ SDUDOOHO	 C = C1 + C2 + ...

GLVFKDUJH RI D FDSDFLWRU	 x = ex RC
t

0
-

+DOO YROWDJH	 VH = I
ntq
B

DOWHUQDWLQJ FXUUHQW�YROWDJH	 x = x0ௗVLQௗωt

UDGLRDFWLYH GHFD\	 x = x0e
– mt

GHFD\ FRQVWDQW	 m = .
t

0 693

2
1

LQWHQVLW\ UHIOHFWLRQ FRHIILFLHQW	 I
IR

0
=

( )
( )
Z Z
Z Z

1 2
2

1 2
2−

+

6WHIDQ±%ROW]PDQQ ODZ	 L = 4πσr 2T 4

'RSSOHU UHGVKLIW	
m
mD ≈ f

fD ≈ c
v
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1  ( a)  ([SODLQ KRZ WKH IRUFH�V� RQ D VDWHOOLWH FDQ UHVXOW LQ WKH VDWHOOLWH EHLQJ LQ D FLUFXODU RUELW DURXQG
D SODQHW�

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

( b)  7KH (DUWK DQG WKH 0RRQ PD\ EH FRQVLGHUHG WR EH XQLIRUP VSKHUHV WKDW DUH LVRODWHG LQ VSDFH�
7KH (DUWK KDV PDVV M� UDGLXV R DQG PHDQ GHQVLW\ ρ� 7KH 0RRQ� PDVV m� LV LQ D FLUFXODU RUELW
DERXW WKH (DUWK ZLWK UDGLXV nR� DV LOOXVWUDWHG LQ )LJ� ����

Moon
mass m

Earth
mass M
radius R

nR

Fig.  1 . 1

  7KH 0RRQ PDNHV RQH FRPSOHWH RUELW RI WKH (DUWK LQ WLPH T.
6KRZ WKDW WKH PHDQ GHQVLW\ ρ RI WKH (DUWK LV JLYHQ E\ WKH H[SUHVVLRQ

ρ =  
GT

n3
2

3r

  ZKHUH G LV WKH JUDYLWDWLRQDO FRQVWDQW�

[4] 
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( c )  7KH UDGLXV R RI WKH (DUWK LV ���� × 106 ௗP DQG WKH GLVWDQFH EHWZHHQ WKH FHQWUH RI WKH (DUWK
DQG WKH FHQWUH RI WKH 0RRQ LV ���� × 108 ௗP�
7KH SHULRG T RI WKH RUELW RI WKH 0RRQ DERXW WKH (DUWK LV ���� GD\V�

8VH WKH H[SUHVVLRQ LQ ( b)  to calculate ρ.

ρ =  ...............................................ௗNJௗP– 3  [3 ]

[Total:  9]
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2 $ F\OLQGHU FRQWDLQV ����ௗPRO RI DQ LGHDO JDV DW SUHVVXUH ���� × 105 ௗ3D DQG YROXPH ���� × 10– 2ௗP 3 .  

( a)  &DOFXODWH WKH WKHUPRG\QDPLF WHPSHUDWXUH RI WKH JDV�

WHPSHUDWXUH  .......................................................ௗ. >�@

( b)  7KH DYHUDJH NLQHWLF HQHUJ\ E. RI D PROHFXOH RI WKH JDV LV JLYHQ E\ WKH H[SUHVVLRQ

E. =  2
3 kT

  ZKHUH k LV WKH %ROW]PDQQ FRQVWDQW DQG T LV WKH WKHUPRG\QDPLF WHPSHUDWXUH�

	 	 7KH JDV LV KHDWHG DW FRQVWDQW SUHVVXUH VR WKDW LWV WHPSHUDWXUH ULVHV E\ ���ௗ.�

  ( i) 6KRZ WKDW WKH QHZ YROXPH RI WKH JDV LV ���� × 10– 2ௗP 3 .

[1]

( ii) &DOFXODWH WKH LQFUHDVH LQ LQWHUQDO HQHUJ\ RI WKH JDV� ([SODLQ \RXU ZRUNLQJ�

LQFUHDVH LQ LQWHUQDO HQHUJ\  ....................................................... ௗ- >�@

PMT



7

97 02/ 04/ SP/ 22© UCLES 2019 [Turn over

 ( c )  ( i)  8VH WKH LQIRUPDWLRQ LQ ( b) ( i) WR FDOFXODWH WKH H[WHUQDO ZRUN GRQH GXULQJ WKH H[SDQVLRQ RI
WKH JDV�

ZRUN GRQH  ....................................................... ௗ- >�@

( ii)  8VH WKH ILUVW ODZ RI WKHUPRG\QDPLFV WR GHWHUPLQH WKH WRWDO WKHUPDO HQHUJ\ WUDQVIHUUHG WR
WKH JDV LQ ( b) � ([SODLQ \RXU UHDVRQLQJ�

HQHUJ\  ....................................................... ௗ- >�@

[Total:  10]
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3 $ EDU PDJQHW RI PDVV ���ௗJ LV VXVSHQGHG IURP WKH IUHH HQG RI D VSULQJ� DV LOOXVWUDWHG LQ )LJ� ����

spring

magnet

coil

Fig.  3 . 1

7KH PDJQHW KDQJV VR WKDW RQH SROH LV QHDU WKH FHQWUH RI D FRLO RI ZLUH�
7KH FRLO LV FRQQHFWHG LQ VHULHV ZLWK D UHVLVWRU DQG D VZLWFK� 7KH VZLWFK LV RSHQ�

7KH PDJQHW LV GLVSODFHG YHUWLFDOO\ DQG WKHQ DOORZHG WR RVFLOODWH�

$W WLPH t  �� WKH PDJQHW LV RVFLOODWLQJ IUHHO\� $W WLPH t  ���ௗV� WKH VZLWFK LQ WKH FLUFXLW LV FORVHG�

7KH YDULDWLRQ ZLWK WLPH t RI WKH YHUWLFDO GLVSODFHPHQW y RI WKH PDJQHW LV VKRZQ LQ )LJ� ����

–2.0

–1.5

–1.0

–0.5

0

0.5

1.0

y / cm
1.5

2.0

0 2 4 6 8 10 12 14 16
t / s

Fig.  3 . 2
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( a)  )RU WKH RVFLOODWLQJ PDJQHW� XVH GDWD IURP )LJ� ��� WR GHWHUPLQH� WR WZR VLJQLILFDQW ILJXUHV�

  ( i) WKH IUHTXHQF\ f

f =  .....................................................ௗ+] >�@

( ii) WKH HQHUJ\ RI WKH RVFLOODWLRQV GXULQJ WKH WLPH LQWHUYDO t =  0 to t  ���ௗV�

HQHUJ\  ....................................................... ௗ- >�@		

( b) :KHQ WKH VZLWFK LV FORVHG� WKH RVFLOODWLRQV DUH GDPSHG�

  ([SODLQ� ZLWK UHIHUHQFH WR )LJ� ���� ZKHWKHU WKLV GDPSLQJ LV OLJKW� FULWLFDO RU KHDY\�

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [1]

[Total:  6 ]
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4 ( a)  6WDWH &RXORPE¶V ODZ�

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

( b)  7ZR FKDUJHG PHWDO VSKHUHV $ DQG % DUH VLWXDWHG LQ D YDFXXP� DV LOOXVWUDWHG LQ )LJ� ����

sphere Bsphere A
P

x

6.0 cm

Fig.  4. 1

  7KH VKRUWHVW GLVWDQFH EHWZHHQ WKH VXUIDFHV RI WKH VSKHUHV LV ���ௗFP�

  $PRYDEOH SRLQW 3 OLHV DORQJ WKH OLQH MRLQLQJ WKH FHQWUHV RI WKH WZR VSKHUHV� D GLVWDQFH x IURP
WKH VXUIDFH RI VSKHUH $�

7KH YDULDWLRQ ZLWK GLVWDQFH x RI WKH HOHFWULF ILHOG E DW SRLQW 3 LV VKRZQ LQ )LJ� ����

10 2 3 4 5 6

10

5

0

–5

–10

–15

x / cm

E / 103 Vm–1

Fig.  4. 2
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  ( i) 8VH )LJ� ��� WR H[SODLQ ZKHWKHU WKH WZR VSKHUHV KDYH FKDUJHV RI WKH VDPH� RU RSSRVLWH�
VLJQ�

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]

( ii) $ SURWRQ LV DW SRLQW 3 ZKHUH x  ���ௗFP�
  8VH GDWD IURP )LJ� ��� WR GHWHUPLQH WKH PDJQLWXGH RI WKH DFFHOHUDWLRQ RI WKH SURWRQ�

acceleration =  .................................................ௗPௗV– 2 [3 ]

( c ) 7KH HOHFWULF SRWHQWLDO JUDGLHQW LV UHODWHG WR WKH HOHFWULF ILHOG�

  8VH GDWD IURP )LJ� ��� WR VWDWH WKH YDOXH RI x DW ZKLFK WKH PDJQLWXGH RI WKH HOHFWULF SRWHQWLDO
JUDGLHQW LV PD[LPXP� *LYH D UHDVRQ IRU WKH YDOXH \RX KDYH FKRVHQ�

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

[Total:  9]
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5 $ VLQXVRLGDO DOWHUQDWLQJ SRWHQWLDO GLIIHUHQFH �S�G�� IURP D VXSSO\ LV UHFWLILHG XVLQJ D VLQJOH GLRGH�		
7KH YDULDWLRQ ZLWK WLPH t RI WKH UHFWLILHG SRWHQWLDO GLIIHUHQFH V LV VKRZQ LQ )LJ� ����

8

6

4

2

0
0

í2

í4

í6

í8

1 2 3 4 5

V / V

t / ms

Fig.  5 . 1

( a) ( i)  'HWHUPLQH WKH URRW�PHDQ�VTXDUH �U�P�V�� YDOXH RI WKH VXSSO\ SRWHQWLDO GLIIHUHQFH EHIRUH		
rectification.

U�P�V� SRWHQWLDO GLIIHUHQFH  .......................................................ௗ9 >�@

  ( ii) 6WDWH WKH W\SH RI UHFWLILFDWLRQ VKRZQ LQ )LJ� ����

...................................................................................................................................... [1]
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( b) 7KH DOWHUQDWLQJ SRWHQWLDO GLIIHUHQFH LV UHFWLILHG DQG VPRRWKHG XVLQJ WKH FLUFXLW LQ )LJ� ����

C R VOUT

Fig.  5 . 2

  7KH FDSDFLWRU KDV FDSDFLWDQFH C RI ��ௗµ) DQG WKH UHVLVWRU KDV UHVLVWDQFH R.

  7KH HIIHFW RI WKH FDSDFLWRU DQG WKH UHVLVWRU LV WR SURGXFH D VPRRWKHG RXWSXW SRWHQWLDO
GLIIHUHQFH VO UT� 7KH GLIIHUHQFH EHWZHHQ PD[LPXP DQG PLQLPXP YDOXHV RI VO UT LV ���ௗ9�

( i)  2Q )LJ� ���� GUDZ D OLQH WR VKRZ V O UT EHWZHHQ WLPHV t  ���ௗPV DQG t  ���ௗPV� >�@

( ii) 'HWHUPLQH WKH WLPH� LQ V� IRU ZKLFK WKH FDSDFLWRU LV GLVFKDUJLQJ EHWZHHQ WLPHV t  ���ௗPV
DQG t  ���ௗPV�

WLPH  ....................................................... ௗV >�@

( iii) 8VH \RXU DQVZHUV LQ ( b) ( i) DQG ( b) ( ii) WR FDOFXODWH WKH UHVLVWDQFH R.

R =  ...................................................... Ω [2]

[Total:  9]
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6 $ WKLQ VOLFH RI FRQGXFWLQJ PDWHULDO KDV LWV IDFHV 3456 DQG 9௘:;< QRUPDO WR D XQLIRUP PDJQHWLF
ILHOG RI IOX[ GHQVLW\ B� DV VKRZQ LQ )LJ� ����

Q R

X

YV

P S

W

direction of
motion of electrons

magnetic field
flux density B

Fig.  6. 1

(OHFWURQV HQWHU WKH VOLFH DW ULJKW�DQJOHV WR IDFH 65;<�

$ SRWHQWLDO GLIIHUHQFH� WKH +DOO YROWDJH VH� LV SURGXFHG EHWZHHQ WZR IDFHV RI WKH VOLFH�

( a) ( i) 8VH OHWWHUV IURP )LJ� ��� WR LGHQWLI\ WKH WZR IDFHV EHWZHHQ ZKLFK WKH +DOO YROWDJH LV
SURGXFHG�

  ��������������������������������������������������������������� DQG ����������������������������������������������������������������		>�@

  ( ii)  6WDWH DQG H[SODLQ ZKLFK RI WKH WZR IDFHV QDPHG LQ ( a) ( i) LV WKH PRUH SRVLWLYH�

...........................................................................................................................................

...................................................................................................................................... [2]

( b) 7KH +DOO YROWDJH VH LV JLYHQ E\ WKH H[SUHVVLRQ

VH =  I
ntq
B .

  ( i) 8VH WKH OHWWHUV LQ )LJ� ��� WR LGHQWLI\ WKH GLVWDQFH t.

...................................................................................................................................... [1]

PMT
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  ( ii) 7KH QHJDWLYH FKDUJH FDUULHUV �HOHFWURQV� DUH UHSODFHG E\ SRVLWLYH FKDUJH FDUULHUV PRYLQJ
LQ WKH VDPH GLUHFWLRQ WRZDUGV WKH VOLFH�

  6WDWH DQG H[SODLQ WKH HIIHFW� LI DQ\� RI WKLV FKDQJH RQ WKH SRODULW\ RI WKH +DOO YROWDJH�

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]

[Total:  6 ]
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7 ( a)  ( i)  'HILQH PDJQHWLF IOX[�

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]

( ii)  6WDWH )DUDGD\¶V ODZ RI HOHFWURPDJQHWLF LQGXFWLRQ�

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]
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( b)  $ VROHQRLG KDV D FRLO & RI ZLUH ZRXQG WLJKWO\ DERXW LWV FHQWUH� DV VKRZQ LQ )LJ� ����

coil C

solenoid

+

d.c. supply

–

Fig.  7. 1

  7KH FRLO & KDV �� WXUQV�
7KH XQLIRUP PDJQHWLF IOX[ Φ� LQ :E� LQ WKH VROHQRLG LV JLYHQ E\ WKH H[SUHVVLRQ

Φ =  6 .8  × 10– 6 × I

ZKHUH I LV WKH FXUUHQW� LQ $� LQ WKH VROHQRLG�

  &DOFXODWH WKH DYHUDJH HOHFWURPRWLYH IRUFH �H�P�I�� LQGXFHG LQ FRLO & ZKHQ D FXUUHQW RI ���ௗ$ LV
UHYHUVHG LQ WKH VROHQRLG LQ D WLPH RI ���ௗPV�

H�P�I�  .......................................................ௗ9 >�@

( c )  7KH G�F� VXSSO\ LQ )LJ� ��� LV QRZ UHSODFHG ZLWK D VLQXVRLGDO DOWHUQDWLQJ VXSSO\�

'HVFULEH TXDOLWDWLYHO\ WKH H�P�I� WKDW LV QRZ LQGXFHG LQ FRLO &�

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

[Total:  8 ]
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8  ( a)  'HVFULEH tw o SKHQRPHQD DVVRFLDWHG ZLWK WKH SKRWRHOHFWULF HIIHFW WKDW FDQQRW EH H[SODLQHG
XVLQJ D ZDYH WKHRU\ RI OLJKW�

1 ................................................................................................................................................

...................................................................................................................................................

2 ................................................................................................................................................

...................................................................................................................................................
[2]

( b)  7KH PD[LPXP HQHUJ\ EPD[ RI HOHFWURQV HPLWWHG IURP D PHWDO VXUIDFH ZKHQ LOOXPLQDWHG E\
OLJKW RI ZDYHOHQJWK m LV JLYHQ E\ WKH H[SUHVVLRQ

EPD[ =  hc
1 1

0m m
-

J

L

KK
N

P

OO

ZKHUH h LV WKH 3ODQFN FRQVWDQW DQG c LV WKH VSHHG RI OLJKW�

  ( i) ,GHQWLI\ WKH V\PERO m0.

...................................................................................................................................... [1]

( ii) 7KH YDULDWLRQ ZLWK 1
m

 of EPD[ IRU WKH PHWDO VXUIDFH LV VKRZQ LQ )LJ� ����

/ 106  m– 1
O
1

1.5 2.0 2.5 3 .0 3 .5 4.0
0

1

2

3

4

Emax / 10– 19 J

Fig.  8 . 1
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   8VH )LJ� ��� WR GHWHUPLQH WKH PDJQLWXGH RI m0.

m0 =  ...................................................... ௗP >�@

 ( iii) 8VH WKH JUDGLHQW RI )LJ� ��� WR GHWHUPLQH D YDOXH IRU WKH 3ODQFN FRQVWDQW h� 6KRZ \RXU
ZRUNLQJ�

h =  .....................................................ௗ-ௗV >�@

( c ) 7KH PHWDO VXUIDFH LQ ( b) EHFRPHV R[LGLVHG�
  3KRWRHOHFWULF HPLVVLRQ LV VWLOO REVHUYHG EXW WKH ZRUN IXQFWLRQ HQHUJ\ LV LQFUHDVHG�

	 	 2Q )LJ� ���� GUDZ D OLQH WR VKRZ WKH YDULDWLRQ ZLWK 1
m

 of EPD[ IRU WKH R[LGLVHG VXUIDFH�	 	>�@

[Total:  9] 
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9 'DWD IRU D QXFOHXV DQG VRPH SDUWLFOHV DUH JLYHQ LQ 7DEOH ����

Table 9. 1

QXFOHXV RU SDUWLFOH PDVVௗ�ௗX

La57
139 13 8 .95 5

n0
1 1.008 6 3

p1
1 1.007 28

e1
0

−
5 .49 × 10– 4

( a) 2QH QXFOHDU UHDFWLRQ WKDW FDQ WDNH SODFH LQ D QXFOHDU UHDFWRU PD\ EH UHSUHVHQWHG� LQ SDUW� E\
WKH HTXDWLRQ VKRZQ EHORZ�

  &RPSOHWH WKH HTXDWLRQ�

    ....................U n Mo La n energy292
235

0
1

42
95

57
139

0
1$+ + + + + . [1]

( b) ( i)  6KRZ WKDW WKH HQHUJ\ HTXLYDOHQW WR ����ௗX LV ���ௗ0H9�

[3 ]

( ii)  &DOFXODWH WKH ELQGLQJ HQHUJ\ SHU QXFOHRQ� LQ 0H9� RI ODQWKDQXP���� � La57
139 ) .

ELQGLQJ HQHUJ\ SHU QXFOHRQ  ..................................................ௗ0H9 >�@

PMT
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( c ) 6WDWH DQG H[SODLQ ZKHWKHU WKH ELQGLQJ HQHUJ\ SHU QXFOHRQ RI XUDQLXP���� � U92
235 � LV JUHDWHU�

  HTXDO WR RU OHVV WKDQ WKH ELQGLQJ HQHUJ\ SHU QXFOHRQ RI ODQWKDQXP���� � La57
139 ) .  

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

[Total:  9]
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1 0 ( a) ( i) 6WDWH ZKDW LV PHDQW E\ FRQWUDVW LQ DQ ;�UD\ LPDJH�

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [1]

( ii) $ SDUDOOHO EHDP RI ;�UD\ UDGLDWLRQ LV LQFLGHQW� VHSDUDWHO\� RQ VDPSOHV RI ERQH DQG RI
PXVFOH�

  'DWD IRU WKH WKLFNQHVV x RI WKH VDPSOHV RI ERQH DQG RI PXVFOH� WRJHWKHU ZLWK WKH OLQHDU
DWWHQXDWLRQ FRHIILFLHQWV μ RI WKH UDGLDWLRQ LQ ERQH DQG LQ PXVFOH� DUH JLYHQ LQ 7DEOH �����

Table 1 0. 1

xௗ�ௗFP μௗ�ௗFP– 1

ERQH 1.5  2.9 

PXVFOH 4.0 0.95

  &DOFXODWH WKH UDWLR

intensity of radiation transmitted through the muscle
intensity of radiation transmitted through the bone

.

ratio =  .......................................................... [2]

PMT
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( b)  ( i) ([SODLQ KRZ XOWUDVRXQG SXOVHV DUH XVHG WR REWDLQ GLDJQRVWLF LQIRUPDWLRQ DERXW LQWHUQDO
ERG\ VWUXFWXUHV LQ PHGLFDO GLDJQRVLV�

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

..................................................................................................................................... [3 ]

  ( ii)  'HILQH VSHFLILF DFRXVWLF LPSHGDQFH�

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]

( iii)  7ZR PHGLD KDYH VSHFLILF DFRXVWLF LPSHGDQFHV Z1 DQG Z2.

  6WDWH WKH DSSUR[LPDWH YDOXH RI WKH LQWHQVLW\ UHIOHFWLRQ FRHIILFLHQW DW WKH ERXQGDU\ EHWZHHQ
WKH WZR PHGLD ZKHQ�

  • Z1 LV DOPRVW HTXDO WR Z2

LQWHQVLW\ UHÀHFWLRQ FRHI¿FLHQW  ...............................................................

  • Z1 LV YHU\ GLIIHUHQW IURP Z2.

LQWHQVLW\ UHÀHFWLRQ FRHI¿FLHQW  ...............................................................
[2]

[Total:  10]
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1 1 ( a) 3RVLWURQ HPLVVLRQ WRPRJUDSK\ �3(7 VFDQQLQJ� PDNHV XVH RI D WUDFHU FRQWDLQLQJ D UDGLRDFWLYH
PDWHULDO WKDW GHFD\V E\ SRVLWURQ HPLVVLRQ�

  ( i) 6WDWH ZKDW LV PHDQW E\ D WUDFHU�

...........................................................................................................................................

...........................................................................................................................................

...................................................................................................................................... [2]

( ii) 6WDWH WKH QDPH RI WKH SDUWLFOHV WKDW DUH HPLWWHG IURP WKH ERG\ DQG GHWHFWHG E\ WKH
GHWHFWRUV GXULQJ 3(7 VFDQQLQJ�

...................................................................................................................................... [1]

( b) ([SODLQ KRZ WKH SDUWLFOHV LQ ( a) ( ii) DUH FUHDWHG IURP SRVLWURQV�

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [3 ]

( c ) 3RVLWURQV FDQ EH DUWLILFLDOO\ FUHDWHG E\ D SURFHVV LQ WKH ODERUDWRU\ WKDW LV WKH UHYHUVH RI WKH
SURFHVV LQ ( b) � 7KLV SURFHVV FUHDWHV ERWK D SRVLWURQ DQG DQ HOHFWURQ PRYLQJ DW WKH VDPH
VSHHG LQ RSSRVLWH GLUHFWLRQV�

  6XJJHVW ZK\ WZR RI WKH SDUWLFOHV LQ ( a) ( ii) DUH QHHGHG WR FUHDWH RQH SRVLWURQ�

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................. [2]

[Total:  8 ]
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1 2 ( a) $ VWDU KDV D OXPLQRVLW\ WKDW LV NQRZQ WR EH ��� × 1029ௗ:� $ VFLHQWLVW REVHUYLQJ WKLV VWDU ILQGV
WKDW WKH UDGLDQW IOX[ LQWHQVLW\ RI OLJKW UHFHLYHG RQ (DUWK IURP WKH VWDU LV ���ௗQ:ௗP – 2.

( i)  1DPH WKH WHUP XVHG WR GHVFULEH DQ DVWURQRPLFDO REMHFW WKDW KDV NQRZQ OXPLQRVLW\�

...................................................................................................................................... [1]

( ii) 'HWHUPLQH WKH GLVWDQFH RI WKH VWDU IURP (DUWK�

GLVWDQFH  ...................................................... ௗP >�@

( b) 7KH 6XQ KDV D VXUIDFH WHPSHUDWXUH RI ����ௗ.� 7KH ZDYHOHQJWK mPD[ RI OLJKW IRU ZKLFK WKH
PD[LPXP UDWH RI HPLVVLRQ RFFXUV IURP WKH 6XQ LV ���ௗQP�		

  7KH VFLHQWLVW REVHUYLQJ WKH VWDU LQ ( a) ILQGV WKDW WKH ZDYHOHQJWK IRU ZKLFK WKH PD[LPXP UDWH RI
HPLVVLRQ RFFXUV IURP WKH VWDU LV ���ௗQP�

( i)  6KRZ WKDW WKH VXUIDFH WHPSHUDWXUH RI WKH VWDU LQ ( a) LV DSSUR[LPDWHO\ ����ௗ.� ([SODLQ
\RXU UHDVRQLQJ�

[2]

( ii) 8VH WKH LQIRUPDWLRQ LQ ( a) DQG ( b) ( i) WR GHWHUPLQH WKH UDGLXV RI WKH VWDU�

UDGLXV  ...................................................... ௗP >�@

[Total:  7 ]
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