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Q1a   20 litres in and 10 litres out per minute. The volume increases by 10 litres per minute. At time t minutes, the volume of solution in the tank 
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Q1b   Rate of inflow of chemical 
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Rate of change of chemicals = rate of inflow ( rate of outflow

i.e. 
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Q1ci   
[image: image9.wmf](

)

(

)

2

1

1

log

1

20

1

40

t

t

t

Tan

t

x

e

+

+

+

+

=

-

,

[image: image10.wmf](

)

(

)

(

)

(

)

2

2

2

2

1

2

1

2

1

20

1

log

1

20

1

1

1

40

1

40

t

t

t

t

t

t

t

t

Tan

t

dt

dx

e

+

´

+

+

+

+

-

+

´

+

+

+

-

=

-

,


[image: image11.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

2

2

1

2

2

1

log

1

20

1

40

1

1

1

40

t

t

t

Tan

t

t

t

t

e

+

+

-

+

-

+

+

+

=

-



[image: image12.wmf](

)

(

)

(

)

(

)

(

)

2

2

1

2

2

1

log

1

20

1

40

1

40

t

t

t

Tan

t

t

e

+

+

-

+

-

+

=

-

.

Q1cii   
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x satisfies the differential equation.

Q1d   Sketch and find stationary points by graphics calculator.
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Q1ei   Sketch 
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(horizontal line) on the last graph, find the first intersection 
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Q1eii   Find the second intersection 
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Q2aiii and Q2b
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Q2ci and ii
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Q2ciii   Complex numbers 
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Equate the numerators: 
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Q3c   Area 
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Q4b   
[image: image60.wmf](

)

c

j

t

gt

i

t

dt

r

v

+

-

-

-

=

=

ò

2

2

05

.

0

05

.

0

&

&

.
At 
[image: image61.wmf],

0

=

t



 EMBED Equation.3  [image: image62.wmf]j

i

v

3

6

6

+

=

, 
[image: image63.wmf]j

i

c

3

6

6

+

=

\

.

Hence 
[image: image64.wmf](

)

j

i

j

t

gt

i

t

v

3

6

6

05

.

0

05

.

0

2

2

+

+

-

-

-

=



[image: image65.wmf](

)

(

)

j

t

gt

i

t

v

2

2

05

.

0

3

6

05

.

0

6

+

-

+

-

=

\

.

[image: image66.wmf]d

j

t

gt

t

i

t

t

dt

r

r

+

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

=

=

ò

3

05

.

0

2

3

6

3

05

.

0

6

3

2

3

&

.
At 
[image: image67.wmf],

0

=

t


[image: image68.wmf]0

=

r

, 
[image: image69.wmf]0

=

\

d

.

[image: image70.wmf]j

t

gt

t

i

t

t

r

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

=

\

3

05

.

0

2

3

6

3

05

.

0

6

3

2

3

 or

[image: image71.wmf](

)

j

t

gt

t

i

t

t

t

r

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

=

\

60

2

3

6

60

6

3

2

3

, where 
[image: image72.wmf]T

t

£

£

0

.
Q4c   At 
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Q5b   In this situation it is the force of friction that accelerates the package up the belt. If the acceleration is greater than 
0.8 ms-2, the package will slip. This indicates that the friction force is at its maximum value
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Solve (1) and (2), 
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Solve (1) and (2), where 
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