IB Questionbank Maths SL

SL Differentiation Kinematics

279 min
264 marks

The velocityv m stofa particle at timéseconds, is given by= 2t + cos2, for 0<t < 2.

(@) Write down the velocity of the particle when O.
)

Whent =k, the acceleration is zero.

() @) Showthak:%

(i)  Find the exact velocity whetn= % .

(8)

(c) Whent<£,y>0andwhem>£,y>0.
4 dt 4 dt

Sketch a graph af against.
4)



(d) Letd be the distance travelled by the particle farto< 1.
(i)  Write down an expression fot

(i) Representd on your sketch.

The following diagram shows part of the graph guadratic functioff.

y

240

)
(Total 16 marks)

Thex-intercepts are at (—4, 0) and (6, 0) andyth@ercept is at (0, 240).

(@)  Write dowrf(x) in the formf(x) = —10& — p)(X — Q).

(b)  Find another expression fifk) in the formf(x) = =10k — h)2 +k.

2

(4)

(c)  Show thaf(x) can also be written in the forffx) = 240 + 2& — 10¢.

@)



A particle moves along a straight line so thavé®city,vm s ! at timet seconds is given by
V=240 + 20— 1G? for 0<t<6.

(d) () Find the value of when the speed of the patrticle is greatest.

(i)  Find the acceleration of the particle whendfeed is zero.

(7)
(Total 15 marks)

The acceleratiora m s2, of a particle at timeseconds is given by

a=

~ 1

+ 3sin 2, fort > 1.

The particle is at rest wher 1.

Find the velocity of the particle wher 5.
(Total 7 marks)



4,

The velocityy m s of an object aftet seconds is given by(t) = 15/t -3, for 0<t< 25.

(@) On the grid below, sketch the grapltvotlearly indicating the maximum point.

wit)
0

& |

10+

0 5 10 15

Let d be the distance travelled in the first nine sesond
(b) ()  Write down an expression fdr

(i)  Hence, write down the value df

20

b
=y

3)

(4)
(Total 7 marks)



5. The following diagram shows the graphs of digplacement, velocity andacceler ation of a
moving object as functions of time,
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(Total 6 marks)

(@) Complete the following table by noting whictagh A, B or C corresponds to each
function.
Function Graph
displacement
acceleration
(b)  Write down the value dfwhen the velocity is greatest.
6. In this question s represents displacement in metres and t represents time in seconds.

The velocityv m s of a moving body is given by= 40 —at wherea is a hon-zero constant.

(@)

(i)
(ii)

If s= 100 whert = 0, find an expression farin terms ofa andt.

If s=0 whent = 0, write down an expression fein terms ofa andt.

(6)



Trains approaching a station start to slow dowemithey pass a point P. As a train slows down,
its velocity is given by = 40 —at, wheret = 0 at P. The station is 500 m from P.

(b)

(©

A train M slows down so that it comes to a sadphe station.

()  Find the time it takes train M to come to apstgiving your answer in terms af

(i)  Hence show that =

U] oo

(6)

For a different train N, the value afs 4.
Show that this train will stopeforeit reaches the station.

©)
(Total 17 marks)

A particle moves along a straight line so thavékcity,v m s at timet seconds is given by

v = 66"+ 4. Whert = 0, the displacemers, of the particle is 7 metres. Find an expressiors f
in terms oft.

(Total 7 marks)

Letf:x a sirx.

(@)

(b)

(©

(i)  Write down the range of the functibn

(i)  Considerf (x) =1, 0< x < 21t Write down the number of solutions to this eqorati
Justify your answer.

(5)

Findf’ (x), giving your answer in the formsirP x cos! x wherea, p, q 0 Z.
2

1
Letg (X) = \/?%sinx(cosx)2 for 0< x< —. Find the volume generated when the curve of

T
2
g is revolved through12about thex-axis.
(7)
(Total 14 marks)



10.

11.

The acceleratioam s of a particle at timeseconds is given by = 2t + cod.

(@) Find the acceleration of the particle atO.
(2)

(b)  Find the velocityy, at timet, given that the initial velocity of the partice2 m st
()

3
(c) Find jovdt , giving your answer in the form— g cos 3.

(")

(d)  What information does the answer to part (e gibout the motion of the particle?

)
(Total 16 marks)

The velocityv m s of a moving body at timeseconds is given by= 50 — 16.

(@) Find its acceleration in m%s
)

(b)  The initial displacemergtis 40 metres. Find an expressiongan terms oft.

(4)
(Total 6 marks)

The velocityv of a particle at timeis given by = e+ 12 The displacement of the particle at
timet is s. Given thats = 2 whent = 0, express s in terms of
(Total 6 marks)



12.

13.

14.

15.

The velocity,, in m s of a particle moving in a straight line is giveynb= €2, wheret is the
time in seconds.

(@) Find the acceleration of the particle atl.
(b) At what value of does the particle have a velocity of 22.371Ps

(c) Find the distance travelled in the first second
(Total 6 marks)

The velocityv m st ofa moving object at timeseconds is given by= 43 - 2.
Whent = 2, the displacemerd, of the object is 8 metres.

Find an expression farin terms oft.
(Total 6 marks)

The displacement s metres at tingconds is given by
s=5cos 8+1% + 10, fort > 0.

(@)  Write down the minimum value sf

(b)  Find the acceleration, at timet.

(c) Find the value of when themaximum value ofa first occurs.
(Total 6 marks)

The velocityv in m s of a moving body at timeseconds is given by= €. Whent = 0 5. the

displacement of the body is 10 m. Find the dispteese whert =1.
(Total 6 marks)



16.

17.

18.

The velocityv m stofa moving body at timeseconds is given by= 50 — 1@.

(@) Find its acceleration in m%s

(b)  The initial displacemergtis 40 metres. Find an expressiongan terms oft.
(Total 6 marks)

A particle moves with a velocitym s given byv = 25 — 4% wheret > 0.

(@) The displacemens,metres, is 10 whenis 3. Find an expression feiin terms oft.
(6)

(b)  Findt whens reaches its maximum value.
®3)

(c) The particle has a positive displacementfiaz t < n. Find the value of and the value
of n.

©)
(Total 12 marks)

A car starts by moving from a fixed point A. Itslacity, v m s aftert seconds is given by
v=4t+5— 58" Letd be the displacement from A wher 4.

(@) Write down an integral which represedts

(b) Calculate the value of

Working:

Answers:

(@)
(b)

(Total 6 marks)



19.

20.

The displacemerg metres of a cat,seconds after leaving a fixed point A, is given by
s=1a-0.5°

(@) Calculate the velocity when= 0.

(b) Calculate the value ofwhen the velocity is zero.

(c) Calculate the displacement of the car from Aemvthe velocity is zero.

Working:

Answers:

(@)
(b)
©)

(Total 6 marks)

An aircraft lands on a runway. Its velocityn s at timet seconds after landing is given by the
equationv = 50 + 50&°%, where (< t < 4.

(@) Find the velocity of the aircraft
()  when it lands;

(i) whent=4.
4

(b)  Write down an integral which represents théadiise travelled in the first four seconds.
©)

(c) Calculate the distance travelled in the fimtrfseconds.
)



21.

After four seconds, the aircraft slows down (decdks)yt a constant rate and comes to rest
whent = 11.

(d) Sketch a graph of velocity against time fo<® < 11. Clearly label the axes and mark on
the graph the point whetes 4.
©)

(e) Find the constant rate at which the aircrafidgsving down (decelerating) between 4
andt = 11.

(2)
()  Calculate the distance travelled by the aircbetweert = 4 andt = 11.

)
(Total 18 marks)

In this questions represents displacement in metres, tamgbresents time in seconds.

a) The velocity m s* of a moving body may be written as g = 30 —at, wherea is a
dt

constant. Given that= 0 whent = 0, find an expression farin terms ofa andt.
©)

Trains approaching a station start to slow dowemithey pass a signal which is 200 m from the
station.

(b)  The velocity of Train 1 seconds after passing the signal is givem 530 — 5.
(i)  Write down its velocity as it passes the signal

(i)  Show that it will stop before reaching thetgta.
()



(c) Train 2 slows down so that it stops at theigtatlts velocity is given by

V= E = 30 —at, wherea is a constant.

dt

()  Find, in terms of, the time taken to stop.
(i)  Use your solutions to parts (a) and (c)(ifital the value of.

©)
(Total 15 marks)

22. A ball is dropped vertically from a great heiglts. velocityv is given by
v=50-508"%t20
wherev is in metres per second anid in seconds.
(@) Find the value of when
@ t=0;

(i) t=10.
2

(b) () Find an expression for the acceleratmmas a function of.

(i)  What is the value oh whent = 0?
©)

(c) () Astbecomes large, what value deespproach?
(i)  Ast becomes large, what value deespproach?

(i) Explain the relationship between the answerparts (i) and (ii).
©)



23.

(d)

Lety metres be the distance fallen atteeconds.

()  Show thaty = 5a + 250&%2 + k, wherek is a constant.
(i)  Given thaty = 0 whent = 0, find the value ok

(i)  Find the time required to fall 250 m, giviygur answer correct twur significant
figures.

(7)
(Total 15 marks)

A ball is thrown vertically upwards into the althe heighth metres, of the ball above the
ground aftett seconds is given by

(@)

(b)

(©

(d)

h=2+20-5%°t>0

Find thenitial height above the ground of the ball (that ishigyht at the instant when it
is released).
2

Show that the height of the ball after one sdae 17 metres.
(2

At a later time the ball iagain at a height of 17 metres.
()  Write down an equation th&must satisfy when the ball is at a height of 1Trese

(i)  Solve the equationlgebraically.
(4)

. ., dh
i Find —.
(i) m

(i)  Find theinitial velocity of the ball (that is, its velocity at thestant when it is
released).

(i)  Find when the ball reaches its maximum height.

(iv)  Find the maximum height of the ball.

(7)
(Total 15 marks)



24,

The main runway &foncordville airport is 2 km long. An airplane, landing@bncoradville,
touches down at point T, and immediately startsldav down. The point A is at the southern end
of the runway. A marker is located at point P amrinway.

As the airplane slows down, its distargdrom A, is given by
s=c+10Q - 4%,

wheret is the time in seconds after touchdown, antktres is the distance of T from A.
(@) The airplane touches down 800 m fromi&c(= 800).
()  Find the distance travelled by the airplanéiafirst 5 seconds after touchdown.

(i)  Write down an expression for the velocity bétairplane at timeseconds after
touchdown, and hence find the velocity after 5 sdso

The airplane passes the marker at P with a vglotiB6 m s'. Find

(i) how many seconds after touchdown it passestirker;
(iv) the distance from P to A.

(b)  Show that if the airplane touches down befesehing the point P, it can stop before
reaching the northern end, B, of the runway.

2

3)

2

3)

()

(Total 15 marks)



25.

A rock-climber slips off a rock-face and falls treally. At first he falls freely, but after 2
seconds a safety rope slows him down. The h&éighttres of the rock-climber afteseconds of
the fall is given by:

(@)

(b)

(©)

(d)

(€)

()

h=50 - %, 0<t<?2

h =90 — 40 + 5, 2<t<5

Find the height of the rock-climber when 2.

Sketch a graph ¢fagainst for 0<t <5.

dh
Find p for
(i) O=<st<g2
@iy 2<t<5

Find the velocity of the rock-climber when 2.

Find the times when the velocity of the rodkabler is zero.

Find the minimum height of the rock-climber fo t < 5.

1)

(4)

2

2

3)

©)
(Total 15 marks)



