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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 = 1.60 × 10– 19ௗ&

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

UHVW PDVV RI SURWRQ mS = 1.67 × 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 = 6.67 × 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 = 6.63 × 10– 3 4 ௗ-ௗV

6WHIDQ±%ROW]PDQQ FRQVWDQW σ = 5 .67 × 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
 +  ...
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1 7KH VSHHG v RI D WUDQVYHUVH ZDYH RQ D XQLIRUP VWULQJ LV JLYHQ E\ WKH H[SUHVVLRQ

lv m
T=

ZKHUH T LV WKH WHQVLRQ LQ WKH VWULQJ� l LV LWV OHQJWK DQG m LV LWV PDVV�

$Q H[SHULPHQW LV SHUIRUPHG WR GHWHUPLQH WKH VSHHG v RI WKH ZDYH� 7KH PHDVXUHPHQWV DUH VKRZQ
LQ 7DEOH ����

Table 1. 1

TXDQWLW\ PHDVXUHPHQW XQFHUWDLQW\

T
l
m

���ௗ1
���ௗFP
���ௗJ

±ௗ��
±ௗ��
±ௗ��

( a) 8VH WKH GDWD LQ 7DEOH ��� WR FDOFXODWH WKH VSHHG v.

v =  .................................................ௗPௗV – 1 [2]

( b) 8VH \RXU DQVZHU LQ ( a) DQG WKH GDWD LQ 7DEOH ��� WR FDOFXODWH WKH DEVROXWH XQFHUWDLQW\ LQ WKH
value of v.

DEVROXWH XQFHUWDLQW\  .................................................ௗPௗV– 1 [2]

[Total:  4 ]
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2 ( a) Define acceleration.

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

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

( b) $ EDOO LV NLFNHG IURP KRUL]RQWDO JURXQG WRZDUGV D YHUWLFDO ZDOO� DV VKRZQ LQ )LJ� ����

28°

path of ball

ball wall

horizontal
ground

v

24m

Fig.  2. 1 �QRW WR VFDOH�

  7KH KRUL]RQWDO GLVWDQFH EHWZHHQ WKH LQLWLDO SRVLWLRQ RI WKH EDOO DQG WKH EDVH RI WKH ZDOO LV
��ௗP� 7KH EDOO LV NLFNHG ZLWK DQ LQLWLDO YHORFLW\ v DW DQ DQJOH RI ��� WR WKH KRUL]RQWDO� 7KH EDOO
KLWV WKH WRS RI WKH ZDOO DIWHU D WLPH RI ���ௗV� $LU UHVLVWDQFH LV QHJOLJLEOH�

  ( i) &DOFXODWH WKH LQLWLDO KRUL]RQWDO FRPSRQHQW vX RI WKH YHORFLW\ RI WKH EDOO�

vX  =  .................................................ௗPௗV – 1 [1]

( ii) 6KRZ WKDW WKH LQLWLDO YHUWLFDO FRPSRQHQW vY RI WKH YHORFLW\ RI WKH EDOO LV ���ௗPௗV
– 1.

[2]

( iii) &DOFXODWH WKH WLPH WDNHQ IRU WKH EDOO WR UHDFK LWV PD[LPXP KHLJKW DERYH WKH JURXQG�

WLPH  ....................................................... ௗV >�@
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  ( iv) 7KH EDOO LV NLFNHG DW WLPH t  �� $VVXPH WKDW WKH YHUWLFDO FRPSRQHQW vY RI WKH YHORFLW\ RI
WKH EDOO LV SRVLWLYH LQ WKH XSZDUGV GLUHFWLRQ� 2Q )LJ� ���� VNHWFK WKH YDULDWLRQ ZLWK WLPH t of 
vY IRU WKH WLPH XQWLO WKH EDOO KLWV WKH ZDOO�

0
0

5.0

–5.0

–10.0

10.0

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
t / s

vY /ms–1

    Fig.  2. 2 [2]

( c ) ( i) &DOFXODWH WKH PD[LPXP KHLJKW DERYH WKH JURXQG RI WKH EDOO LQ ( b) .

PD[LPXP KHLJKW  ...................................................... ௗP >�@

( ii) 7KH PD[LPXP JUDYLWDWLRQDO SRWHQWLDO HQHUJ\ RI WKH EDOO DERYH WKH JURXQG LV ��ௗ-�

   &DOFXODWH WKH PDVV RI WKH EDOO�

PDVV  ..................................................... ௗNJ >�@

( d) $ EDOO RI JUHDWHU PDVV LV NLFNHG ZLWK WKH VDPH YHORFLW\ DV WKH EDOO LQ ( b) . 
  $LU UHVLVWDQFH LV VWLOO QHJOLJLEOH�

  6WDWH DQG H[SODLQ WKH HIIHFW� LI DQ\� RI WKH LQFUHDVHG PDVV RQ WKH WLPH WDNHQ E\ WKH EDOO WR
UHDFK LWV PD[LPXP KHLJKW�

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

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

[Total:  13 ]
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3 ( a)  ( i) Define force. 

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

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

( ii) 6WDWH ZKDW LV PHDQW E\ ZRUN GRQH�

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

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

( b) $ EORFN RI PDVV ����ௗNJ VOLGHV LQ D VWUDLJKW OLQH ZLWK D FRQVWDQW VSHHG RI ����ௗPௗV– 1 DORQJ D
KRUL]RQWDO VXUIDFH� DV VKRZQ LQ )LJ� ����

0.3 0ms– 1
block

mass 0.4 0 kg

horizo ntal
surface

spring

Fig.  3 . 1

  $VVXPH WKDW WKHUH DUH QR UHVLVWLYH IRUFHV RSSRVLQJ WKH PRWLRQ RI WKH EORFN�

  7KH EORFN KLWV D VSULQJ DQG GHFHOHUDWHV� 7KH VSHHG RI WKH EORFN EHFRPHV ]HUR ZKHQ WKH
FRPSUHVVLRQ RI WKH VSULQJ LV ���ௗFP�

  ( i) &DOFXODWH WKH LQLWLDO NLQHWLF HQHUJ\ RI WKH EORFN�

NLQHWLF HQHUJ\  ....................................................... ௗ- >�@
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  ( ii) 7KH YDULDWLRQ RI WKH FRPSUHVVLRQ x RI WKH VSULQJ ZLWK WKH IRUFH ) DSSOLHG WR WKH VSULQJ LV
VKRZQ LQ )LJ� ����

0
0

8.0
x / cm

FMAX F

Fig.  3 . 2

  $VVXPH WKDW WKH HODVWLF SRWHQWLDO HQHUJ\ RI WKH VSULQJ ZKHQ LWV FRPSUHVVLRQ LV ���ௗFP LV
HTXDO WR WKH LQLWLDO NLQHWLF HQHUJ\ RI WKH EORFN�

  8VH \RXU DQVZHU LQ ( b) ( i) WR FDOFXODWH WKH PD[LPXP IRUFH FMAX H[HUWHG RQ WKH VSULQJ E\
WKH EORFN�

FMAX  =  ...................................................... ௗ1 >�@

( iii) &DOFXODWH WKH PD[LPXP GHFHOHUDWLRQ RI WKH EORFN�

GHFHOHUDWLRQ  .................................................ௗPௗV – 2 [2]

( iv) 6WDWH DQG H[SODLQ ZKHWKHU WKH EORFN LV LQ HTXLOLEULXP�

  •	 EHIRUH LW KLWV WKH VSULQJ

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

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

  •	 ZKHQ LWV VSHHG EHFRPHV ]HUR�

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

...........................................................................................................................................
[2]
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  ( v) 7KH EORFN LV QRZ UHSODFHG E\ DQRWKHU EORFN RI WKH VDPH PDVV� )ULFWLRQDO IRUFHV DIIHFW
WKH PRWLRQ RI WKLV EORFN VR WKDW LW KDV D VSHHG RI ����ௗPௗV – 1 ZKHQ LW PDNHV FRQWDFW ZLWK
WKH VSULQJ�

   $ VKRUW WLPH ODWHU� WKH EORFN KDV D VSHHG RI ����ௗPௗV – 1 DV LW ORVHV FRQWDFW ZLWK WKH VSULQJ
DQG PRYHV EDFN DORQJ LWV RULJLQDO SDWK�

  &DOFXODWH WKH PDJQLWXGH RI WKH FKDQJH LQ PRPHQWXP RI WKH EORFN�

FKDQJH LQ PRPHQWXP  .................................................... ௗ1ௗV >�@

[Total:  12]
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4 ( a) ( i) %\ UHIHUHQFH WR WKH GLUHFWLRQ RI WUDQVIHU RI HQHUJ\� VWDWH ZKDW LV PHDQW E\ D WUDQVYHUVH
ZDYH�

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

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

( ii) 6WDWH WKH SULQFLSOH RI VXSHUSRVLWLRQ�

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

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

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

( b) &LUFXODU ZDWHU ZDYHV DUH SURGXFHG E\ YLEUDWLQJ GLSSHUV DW SRLQWV 3 DQG 4� DV LOOXVWUDWHG LQ
)LJ� ����

Q

R

wavefront
P

44 cm

29cm

Fig.  4 . 1 �QRW WR VFDOH�

  7KH ZDYHV IURP 3 DORQH KDYH WKH VDPH DPSOLWXGH DW SRLQW 5 DV WKH ZDYHV IURP 4 DORQH�
'LVWDQFH 35 LV ��ௗFP DQG GLVWDQFH 45 LV ��ௗFP�

	 	 7KH GLSSHUV YLEUDWH LQ SKDVH ZLWK D SHULRG RI ���ௗV WR SURGXFH ZDYHV RI VSHHG ���ௗFPௗV – 1. 

  ( i) &DOFXODWH WKH ZDYHOHQJWK RI WKH ZDYHV�

ZDYHOHQJWK  .................................................... ௗFP >�@
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  ( ii) &DOFXODWH WKH SDWK GLIIHUHQFH DW SRLQW 5 RI WKH ZDYHV IURP 3 DQG 4�
   *LYH \RXU DQVZHU LQ WHUPV RI WKH ZDYHOHQJWK λ RI WKH ZDYHV�

SDWK GLIIHUHQFH  ....................................................... λ [1]

( iii) 'HVFULEH WKH PRWLRQ� LI DQ\� RI WKH ZDWHU SDUWLFOHV DW SRLQW 5�
   ([SODLQ \RXU DQVZHU�

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

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

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

[Total:  8 ]
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5 $ EHDP RI YHUWLFDOO\ SRODULVHG PRQRFKURPDWLF OLJKW LV LQFLGHQW RQ D SRODULVLQJ ILOWHU� DV VKRZQ LQ
)LJ� ����

polarising filter

transmitted light beam

direction of
transmission axis

vertically polarised
incident light beam

Fig.  5. 1

7KH WUDQVPLVVLRQ D[LV RI WKH ILOWHU LV LQLWLDOO\ YHUWLFDO DQG WKH WUDQVPLWWHG OLJKW EHDP KDV WKH VDPH
LQWHQVLW\ DV WKH LQFLGHQW OLJKW EHDP�

7KH ILOWHU PD\ EH URWDWHG DERXW WKH GLUHFWLRQ RI WKH OLJKW EHDP WR FKDQJH WKH DQJOH RI WKH
WUDQVPLVVLRQ D[LV WR WKH YHUWLFDO�

( a) 6WDWH RQH DQJOH RI WKH WUDQVPLVVLRQ D[LV WR WKH YHUWLFDO WKDW UHVXOWV LQ QR WUDQVPLWWHG OLJKW
EHDP�

DQJOH  ........................................................ � >�@

( b) 7KH ILOWHU LV QRZ SRVLWLRQHG ZLWK LWV WUDQVPLVVLRQ D[LV DW DQJOH θ WR WKH YHUWLFDO� DV VKRZQ LQ
)LJ� ����

transmitted light beam
θ

vertically polarised
incident light beam

transmission axis
at angle    to the verticalθ

Fig.  5. 2

  7KH UDWLR
intensity of transmitted light

intensity of incident light LV HTXDO WR �����

PMT



13

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

  ( i) &DOFXODWH DQJOH θ.

θ =  ........................................................ � >�@

  ( ii) &DOFXODWH WKH UDWLR

amplitude of incident light
amplitude of transmitted light

.

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

[Total:  5 ]
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6 ( a) 7KUHH UHVLVWRUV RI UHVLVWDQFHV R1� R2 DQG R 3 DUH FRQQHFWHG DV VKRZQ LQ )LJ� ����

R1

V

R2

R 3

I I1

I2

I3

Fig.  6. 1

  7KH FXUUHQWV LQ WKH UHVLVWRUV DUH I1� I2 DQG I3 � 7KH WRWDO FXUUHQW LQ WKH FRPELQDWLRQ RI UHVLVWRUV
LV I DQG WKH SRWHQWLDO GLIIHUHQFH DFURVV WKH FRPELQDWLRQ LV V. 

  6KRZ WKDW WKH WRWDO UHVLVWDQFH R RI WKH FRPELQDWLRQ LV JLYHQ E\ WKH HTXDWLRQ

R R R R
1 1 1 1

1 2 3
= + + .

[2]

( b) $ EDWWHU\ RI HOHFWURPRWLYH IRUFH �H�P�I�� ���ௗ9 DQG LQWHUQDO UHVLVWDQFH r LV FRQQHFWHG WR DQ
H[WHUQDO UHVLVWRU RI UHVLVWDQFH ��ௗΩ DQG D WKHUPLVWRU ;� DV VKRZQ LQ )LJ� ����

6.0 V

12Ω

X

r

Fig.  6. 2

  ( i) %\ FRQVLGHULQJ HQHUJ\� H[SODLQ ZK\ WKH SRWHQWLDO GLIIHUHQFH DFURVV WKH WHUPLQDOV RI WKH
EDWWHU\ LV OHVV WKDQ WKH H�P�I�

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

...................................................................................................................................... [1]
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  ( ii) $ FKDUJH RI ���ௗN& SDVVHV WKURXJK WKH EDWWHU\�

  &DOFXODWH�

  •	 WKH WRWDO HQHUJ\ WUDQVIHUUHG E\ WKH EDWWHU\

HQHUJ\  ............................................................ ௗ-

  •	 WKH QXPEHU RI HOHFWURQV WKDW SDVV WKURXJK WKH EDWWHU\�

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

( iii) 7KH FRPELQHG UHVLVWDQFH RI WKH H[WHUQDO UHVLVWRU DQG WKHUPLVWRU ; FRQQHFWHG LQ SDUDOOHO
LV ���ௗΩ. 

  &DOFXODWH WKH UHVLVWDQFH RI ;�

UHVLVWDQFH  ...................................................... Ω [1]

( iv) 8VH \RXU DQVZHU LQ ( b) ( iii) WR GHWHUPLQH WKH UDWLR

power dissipated in12 resistor
power dissipated in thermistor X

X
.

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

( v) 7KH WHPSHUDWXUH RI WKHUPLVWRU ; LV QRZ GHFUHDVHG�

   6WDWH DQG H[SODLQ WKH HIIHFW� LI DQ\� RI WKLV WHPSHUDWXUH FKDQJH RQ WKH WRWDO SRZHU
SURGXFHG E\ WKH EDWWHU\�

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

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

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

...................................................................................................................................... [3 ]
[Total:  12]
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7 ( a) $ QXFOHXV ; GHFD\V E\ HPLWWLQJ D β+ SDUWLFOH WR IRUP D QHZ QXFOHXV� Na11
23 .

  6WDWH WKH QXPEHU RI SURWRQV DQG WKH QXPEHU RI QHXWURQV LQ QXFOHXV ;�

QXPEHU RI SURWRQV  ...............................................................

QXPEHU RI QHXWURQV  ...............................................................
[2]

( b) State one VLPLODULW\ EHWZHHQ D β+ SDUWLFOH DQG D β– SDUWLFOH�

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

( c ) 6WDWH WKH TXDUN FRPSRVLWLRQ RI D PHVRQ�

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

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

( d) $ KDGURQ FRQVLVWV RI WZR GRZQ TXDUNV DQG D FKDUP TXDUN�

  'HWHUPLQH WKH FKDUJH RI WKH KDGURQ� 6KRZ \RXU ZRUNLQJ�

FKDUJH  ...................................................... ௗ& >�@

[Total:  6]
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