
26

!"#$%#&'(%)*%!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

!"#

! ! "

#

$

%

"
$%&'()*"

# $%&'()#*#+,-.+#/#+0)12,#-3#4/(1#-3#1,)#2'(5)###.%1,#)6'/1%-7

%#8# " "9

"
:7# 	−	2 "#;#<=# "#>#>

# ?,)#3%7%1)#()&%-7#$=#+,-.7#+,/@)@#%7#$%&'()#*=#%+#A-'7@)@#AB#1,)#2'(5)##=#1,)#:%7)#.%1,#
)6'/1%-7#"#8#!=#1,)#"C/D%+#/7@#1,)#:%7)#.%1,#)6'/1%-7#"#8#"

# ?,)#1/A:)#A):-.#+,-.+#2-(()+4-7@%7&#5/:')+#-3#"#/7@#%#.%1,#1,)#5/:')+#-3#%##
&%5)7#1-#*#@)2%E/:#4:/2)+#/+#/44(-4(%/1)F

" ! !F< 9 9F< "

% " 9F">*! !FG9*9 !FG>HG 9F9G<H

# I/J# K+)#1,)#1(/4)L%'E#(':)=#.%1,#/::#1,)#5/:')+#-3#%#%7#1,)#1/A:)=#1-#-A1/%7#/7#)+1%E/1)#3-(##
1,)#/()/#-3#$=#&%5%7&#B-'(#/7+.)(#1-#"#@)2%E/:#4:/2)+F

+,-

# IAJ#MD4:/%7#,-.#1,)#1(/4)L%'E#(':)#2-':@#A)#'+)@#1-#-A1/%7#/#E-()#/22'(/1)#)+1%E/1)#3-(#
1,)#/()/#-3#$F

+!-

# I2J# N,-.#1,/1#1,)#)D/21#/()/#-3#$#2/7#A)#.(%11)7#%7#1,)#3-(E# &
'
#;#:7#(=#.,)()#&=#'#/7@#(#

/()#%71)&)(+#1-#A)#3-'7@F#
+.-

# )*+,-&./,(0#1234/52+1,'&167,6+/5.63%,2+,8.&-95(&3,2.,+4:6.5(&3,:6/9271,&.6,+2/,&((6-/&'36FJ
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

)' !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

a-gg.in?E-EtBoqq.' 12 '12 '

- - -

→ a- = :www.aia-m-i.an.iz-r.peziumrue ⑨µA = I✗£[ (3 + 2.2958) + 2 ( 2 . 3on / + 1 . 9242 + 1 . 9089)] = 4
.39255f,"""÷÷÷÷÷*qoB@qd

PhysicsAndMathsTutor.com

michellewright
Text Box
1.



26

!"#$%#&'(%)*%!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#

! ! "

#

$

%

"
$%&'()*"

# $%&'()#*#+,-.+#/#+0)12,#-3#4/(1#-3#1,)#2'(5)###.%1,#)6'/1%-7

%#8# :7# 	−	2 "#;#<=# "#>#>

# ?,)#3%7%1)#()&%-7#$=#+,-.7#+,/@)@#%7#$%&'()#*=#%+#A-'7@)@#AB#1,)#2'(5)##=#1,)#:%7)#.%1,#
)6'/1%-7#"#8#!=#1,)#"C/D%+#/7@#1,)#:%7)#.%1,#)6'/1%-7#"#8#"

# ?,)#1/A:)#A):-.#+,-.+#2-(()+4-7@%7&#5/:')+#-3#"#/7@#%#.%1,#1,)#5/:')+#-3#%##
&%5)7#1-#*#@)2%E/:#4:/2)+#/+#/44(-4(%/1)F

" ! !F< 9 9F< "

% " 9F">*! !FG9*9 !FG>HG 9F9G<H

# I/J# K+)#1,)#1(/4)L%'E#(':)=#.%1,#/::#1,)#5/:')+#-3#%#%7#1,)#1/A:)=#1-#-A1/%7#/7#)+1%E/1)#3-(##
1,)#/()/#-3#$=#&%5%7&#B-'(#/7+.)(#1-#"#@)2%E/:#4:/2)+F

+,-

# IAJ#MD4:/%7#,-.#1,)#1(/4)L%'E#(':)#2-':@#A)#'+)@#1-#-A1/%7#/#E-()#/22'(/1)#)+1%E/1)#3-(#
1,)#/()/#-3#$F

+!-

# I2J# N,-.#1,/1#1,)#)D/21#/()/#-3#$#2/7#A)#.(%11)7#%7#1,)#3-(E# #;#:7#(=#.,)()#&=#'#/7@#(#
/()#%71)&)(+#1-#A)#3-'7@F#

+.-

# )*+,-&./,(0#1234/52+1,'&167,6+/5.63%,2+,8.&-95(&3,2.,+4:6.5(&3,:6/9271,&.6,+2/,&((6-/&'36FJ
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

27

!"#$%#&'(%)*%! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#$%&'()*+),'(%&("#-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)&!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

µµµµ-A-_____A-
b) • h is the width of intervals

=) Option 1 : decrease h (width of the strips) 1µµ option a : increase the number of strips

A- =)
n"

- 2×+5 dx Integration by parts : 1Ggg:÷÷÷÷÷÷÷÷::÷"=±
:*:* "

let fix, = Y toy = ¥ ⇒ / "¥dx= KINKY -1¥. ± dx '

µµ⇒a=fñ; - a. + so. = " """ ¥ " "

*µ .÷⇒,÷⇐÷÷⇒÷÷÷÷÷⇒pp⑥Bh= > A =/31h13) + 5) - (107/27)
* alnlb) = In (b)

=) A = 31h (3) + 22?µµf= > " '""" ¥ " "
'

" " a" " "
'

=

--___zBB___-I@f-___g

PhysicsAndMathsTutor.com



4

*P58354A0448*

 

2. The speed of a small jet aircraft was measured every 5 seconds, starting from the time it 
turned onto a runway, until the time when it left the ground. 

 The results are given in the table below with the time in seconds and the speed in m sí1.

Time (s) 0 5 10 15 20 25

Speed (m sí1) 2 5 10 18 28 42

 Using all of this information, 

 (a) estimate the length of runway used by the jet to take off. 
(3)

 Given that the jet accelerated smoothly in these 25 seconds, 

 (b) explain whether your answer to part (a) is an underestimate or an overestimate of the 
length of runway used by the jet to take off.

(1)
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!⇒ A = 415m

⇒ length of runway is 415=-1
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a) Trapezium Rule : £
.

f- (x1 dx = E- h + Yn ) -121 Y , + yz + . .. + yn . .))

"o 3 ↳

What is h ? his the difference
between each value of x .

=3 h = 0.5 I

=

Yo Y, Yz % 74

2. 5

=3 £
,
¥Ñ dx =

'-2×0.5/(0.5774+0.8452) + 2/0.7071+0.7746+0.8165)] 1

= 1.50475
. ..

2.5

= > f IT dx = t.IO '

0.5
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• mm.
2. 5

yb) From part a :|
,
,! dx = 1.50

2.5
, 2.s

this is a

constantge
can take it out the integral.

Xg 9x die =) FYI die =

dx
I -1k

0.5 0.5 0.5

1 this is the same

as we had in part a

2.5

⇒ f 91€ dx = 3×1.50=4.5-0-1
0.5

µ mama
c) Estimate from part b :[

'

5) ¥,, dx = 4.50
o estimate

( ✓ retune
The accuracy of the answer in part b is high , since he -50=4.535 1
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11.
y

R

O x2 4

Figure 2

 Figure 2 shows a sketch of part of the curve with equation 

y = (ln x)2    x > 0

 The finite region R, shown shaded in Figure 2, is bounded by the curve, the line with 
equation x = 2, the x-axis and the line with equation x = 4

 The table below shows corresponding values of x and y, with the values of y given to 4 
decimal places.

x 2 2.5 3 3.5 4

y 0.4805 0.8396 1.2069 1.5694 1.9218

 (a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for 
the area of R, giving your answer to 3 significant figures.

(3)

 (b) Use algebraic integration to find the exact area of R, giving your answer in the form

y = a (ln 2)2 + b ln 2 + c

  where a, b and c are integers to be found.
(5)
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Question 11 continued
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Question 11 continued
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