[LaS‘S‘ 2

Integration Rates of Change

Sample paper

Raindrops grow as they fall, their surface area increases and therefore the resistance to
their falling increases. A raindrop has an initial downward velocity of 10ms™ and its
downward acceleration is given by :

_ (9-0.9t if Ostslo}
G(T) - { 0 for t>10

The raindrop is initially 500m above the ground.

(i) Find the velocity function V(t) of the raindrop after t seconds, 0< t < 10.

(i) Find V(10) and hence, write down the speed at which the raindrop hits the
ground.

(iii)  Find S(t), the distance travelled by the raindrop in t seconds, 0< t < 10.

(iv)  How long does it take the raindrop to fall?
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Question 9 (50 marks)

(@) Let f(x)=-05x"+5x—098, where xe R.
(i)  Find the value of f(0-2).

(i) Show that fhas a local maximum point at (5, 11-52).

(b) A sprinter’s velocity over the course of a particular
100 metre race is approximated by the following
model, where v is the velocity in metres per second,
and ¢ is the time in seconds from the starting signal:

0, for0<r<02
v(t) =4-05¢* +5t-098, for02<r<5
1152, fort=>5

Note that the function in part (a) is relevant to v(f) above.

Photo: William Warby. Wikimedia Commons. CC BY 2

()  Sketch the graph of v as a function of ¢ for the first 7 seconds of the race.
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(ii) Find the distance travelled by the sprinter in the first 5 seconds of the race.
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(iii) Find the sprinter’s finishing time for the race. Give your answer correct to two decimal
places.
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Question 9 (50 marks)

The approximate length of the day in Galway, measured in hours from sunrise to sunset, may be
calculated using the function

. 27
1)=12-25+4-75sin| —t¢
o (2

2
where ¢ is the number of days after March 21% and (%f ) is expressed in radians.

(a) Find the length of the day in Galway on June 5™ (76 days after March 21%). Give your
answer in hours and minutes, correct to the nearest minute.

(b) Find a date on which the length of the day in Galway is approximately 15 hours.

(c) Find f’(r), the derivative of £(2).
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(d)  Hence, or otherwise, find the length of the longest day in Galway.

(¢)  Use integration to find the average length of the day in Galway over the six months from

March 21* to September 21 (184 days). Give your answer in hours and minutes, correct to
the nearest minute.
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Que,@ﬂjggn 8 _ (55 marks).
{a) i}a.'fihe 100-metre ;acé,, sprinters typically.reach their top speed y
about halfway through the race and try to maintain that speed
for aslong as possible.
A studént ana_ly‘séd’ééprih‘tfer% performance over the course
~ of a particular race and determined that the speed of the
sprinter can be approximated by the following model: -

: oo fo, 0<¢<0-15
CY(t)=4-0:6i2 +5-4t ~k, 015 <45
11-3535, . t245

“where v is the speed in metres per second, T is the time in seconds from the starting signal
“and k is a constant. :

(i)  Findthe value of k.

- {ii}  Sketch the _gréph of v as a function of  for the first 7 seconds of the race.
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() Find the distance trfa\)elled_.by.the sprinter in the first 4-5'seconds of the race.

(iv) Hence, find the sprinter’s finishing time for the race. Give youf answer correct

to three decimal places.
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Question 8' 4 {55 marks)
(@ mn the 100-metre race, sprinters typacaﬂiy reach thear top speed
about halfway through the race and try to maintain that speed
_ for as long as possible.
A student analysed a sprinter’s performance over the course
of a particular race and determined that the speed of the
sprinter can be approximated by the following model:

0, - . 0<t<015
. (g{)e;w"') vit) = {~0-6t2 + 5.4t ~k, 0155t <45
11-3535, t24-5

where vis the speed in metres per second, t is the time in seconds from the starting signal

and kis a constant.

(i) Findthevalue of k.  whem ¢ =

u(k): “ffgr ‘frum aboue .
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(i)  Sketch the graph of v as a function of t for the first 7 seconds of the race. -
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{iis) Find the distance traVe!led by the sprinter in the first 4-5'secqnds of the race.
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(Iv) Hence find the sprinter’s finishing time for the race lee your answer correct

to three decimal

places.
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