IB Questionbank Maths SL

SL Differentiation Kinematics

0 min
0 marks
(@ v=1 Al N1
. d

0 O —(a)=2 Al

dt

d .

m (cos2t)=-2sin2t A1AL

Note: Award Alfor coefficient 2 and Afor —sin 2t.
evidence of considering acceleration = 0 (M1)
e.g. ﬂ =0,2—-2sin2t=0
dt
correct manipulation Al

e.g.sin2k=1,sin2t =1

2k = gtaccepﬁt = gj Al
Kk =% AG NO
(i)  attempt to substituté =E intov (M1)

o {3k

v=" Al N2
2



(©)

=34

1 /'./
A1A1A2 N4

Notes: Award Alfor y-intercept at (0, 1), Afor curve having

zero gradient at P% , A2for shape that is concave down to
the left of > and concave up to the right e% . If a correct

curve is drawn without indicating t =Z— do not award the

second AZor the zero gradient, but award the final A2 if
appropriate. Sketch need not be drawn to scaley @séential
features need to be clear.

(d) (i) correct expression A2
sin2t ' sin2
+
2

1+

1 1
e.g. _[0(2t+c032t)dt,[t2 0 T’.[ont

(ii)

e

. @"’

i

EaE

Al

Note: The line att = 1 needs to be clearly after%.

(@) f(x) =-10&+ 4)(x— 6) AIAl N2

[16]



(b)

(©

(d)

METHOD 1

attempting to find the-coordinate of maximum point
e.g.averaging the-intercepts, sketcly’ = 0, axis of symmetry
attempting to find thg-coordinate of maximum point
e.g. k=-10(1+ 4)(1- 6)

f (x) = —10& —1) + 250

METHOD 2

attempt to expanfl(x)

e.9.—100¢ — 2 — 24)

attempt to complete the square

e.9.—10(k —1Y —1— 24)

f (x) = —10& —1) + 250

attempt to simplify

e.g.distributive property, —1&(-1)(x—1) + 250
correct simplification

e.9.—100¢ — 6x + 4x — 24), —10¢ — 2 +1) + 250
f (x) = 240 + 26 —10¢

() valid approach
e.g.vertex of parabola/(t) = 0
t=1

(i)  recognizinga(t) = v'(t)
a(t) =20 - 20

speed is zere=> t= 6

a(6) = -100 (M &)

(M1)

(M1)

AlAl

(M1)

(M1)

AlAl

(M1)

Al

AG

(M1)

Al

(M1)

A1A1
(A1)

Al

N4

N4

NO

N2

N3

[15]



evidence of integrating the acceleration function (M1)
1 ,
e.g. || -+3sin2t [dt
o [[frmnal

correct expression ln— g cos2+c AlAl

evidence of substituting (1, 0) (M1)

eg.0=In1 —g CoS 2 +C
3 3
c=-0.624 :ECOSZ_ InlorE cos2 (A1)

v=Int-— gcosm - 0624 (z Int —gcosm +gc0520r Int —gCOSZt +gcosz— Inlj (A1)

v(5) = 2.24 (accept the exact answer In 5 — 1.51608 1.5 cos 2) Al N3
[7]

20+

| | | e

0 5 10 15 20 25 f A1A1A1 N3

Note: Award Al for approximately correct shape, Al faghti
endpoint at (25, 0) and Al for maximum point ircler




(b) () recognizing thadl is the area under the curve

e.g. Iv(t)

correct expression in termstfwith correct limits

eg.d= jog A5Vt - )t d = jjvdt

(i) d=148.5(m) (accept 149 to 3 sf)

(@)

Function Graph
displacement A
acceleration B

() t=3

Note: In this question, do not penalize absence of units.
@ () s= j (40— at)dt
s= 4 —%at2 +C

substitutings = 100 whert = 0 (¢ = 100)
s= 4 —%atz +100

(i) s=a4a —%atz

(b) () stops at station, so=0

t= 40 (seconds)
a

(M1)

A2 N3
Al N1
[7]
A2A2 N4
A2 N2
[6]
(M1)
(A1)(AL)
(M1)
Al N5
Al N1
(M1)
Al N2



(©

(i)  evidence of choosing formula ferfrom (a) (ii) (M1)

substitutingt = 40 (M1)

a
2
e.g.40 40 —la 400
a 2 a?
setting up equation M1
2
£.0.500 =5, 500 = 40 x 21 ax 4% 500= 1090_59O
a 2 a’? a a
evidence of simplification to an expression whitiviously
leads toa = 8 Al
5
e.g.50( = 800, 5 _8 , 100G = 3200 — 1600
a
a=8 AG
5

METHOD 1
v = 40 — 4, stops whew =0
40-4=0 (A1)
t=10 Al
substituting into expression fer M1

s=40><10—;><4><16

s=200 Al

since 200 < 500 (allow T on theirs, if s < 500) R1
train stops before the station AG

METHOD 2

from (b)t = 4—;) =10 A2

substituting into expression fer

e.g.s= 40 x 1o—% x 4 x 16 M1

s=200 Al

since 200 < 500, R1

train stops before the station AG

NO

NO

NO



METHOD 3

ais deceleration

458
5

S0 stops in shorter time
so less distance travelled
so stops before station

evidence of anti-differentiation
e.g.s= I(Ge” + 4)dx

s=28"+4+C
substitutingt = 0,
7=2+C

C=5
s=28+ 4t +5

(@ (@) rangeofis[-1,1],F1<sf(X)<1)

(i) sin®x=1=sinx=1
justification for one solution on [0,

T e .
eg. xzz , unit circle, sketch of sir

1 solution (seen anywhere)

(b) f'(x) = 3 sirfx cosx

A2

Al

(A1)

R1

AG
(M1)
A2A1
(M1)
Al

Al N3

A2 N2
Al
R1

Al N1

A2 N2

NO

[17]

[7]



b
(c) usingV = j Tty2dx (M1)

s 1 2
\% =I02 n{\/_Ssinx cos? XJ dx (A2)
n
=T[IO2 3sin® x cosxdx Al
u n
% =1'[[sin3 x]g [zr{sin3 (Ej -sin® OD A2
evidence of using SiHZT—[Zl andsin0=0 (A1)
eg. mM1-0)
V=T Al N1
[14]
(&) substituting =0 (M1)
e.g.a(0) =0 + cosO
a0)=1 Al N2
(b) evidence of integrating the acceleration florcti (M1)

e.g. I (2t +cost)dt

correct expressioﬁ +sint+c A1A1
Note: If “+c” is omitted, award no further marks.

evidence of substituting (0, 2) into indefinitéeigral (M1)
eg.2=0+sin04,c=2
v(t) = t? + sint + 2 Al N3
t3
©) j (t2 +sint + 2)dt = —cost+ 21 ALALAL
Note: Award Alfor each correct term.
evidence of using(3) —v(0) (M1)
correct substitution Al

e.g.(9 —cos3 + 6) — (0 — cosO + 0), (15 —cos 3)B (-
16 — cos 3 (accem= 16,9 = -1) Al1A1 N3



10.

11.

12.

(d) reference to motion, reference to first 3 selson
e.g.displacement in 3 seconds, distance travelledsec®nds

_dv

€)) a—E
=-10(m &)

(b) s=|vdt
=50 —5°+c

40 =50(0) - 5(0) € = c=40
s=50 - 5° + 40

Note: Award(M1) and the firstAl in part (b) if c is
missing, but dmot award the final 2 marks.

Evidence of integration
s=-05e%+@°+c
Substitutingg = 0,s= 2
eg2 =-0.5+c

c=25
s=-05€*+a°+25

(@)  Evidence of usingza—d\t/

eg3et?
a(l)=3e (=8.15)

(b)  Attempt to solve®™2=22.3
eg(3t-2) (Ine) =1In 22.3, sketch
t=1.70

R1R1 N2

(M1)

Al

(M1)
Al
Al

Al

(M1)
A1A1
(M1)

(A1)
Al N4

(M1)

Al N2

(M1)

Al N2

N2

N2

[16]

[6]

[6]



13.

14.

(c) Evidence of using= jvdt (limits not required) M1

eg. J‘eat—z dt,%[ea—z]g

}(el —e‘z) {zl(e—e‘z)z 0861} Al
3 3
Finding anti-derivative oft — 2t (M1)
s=t'-t*+c A1AL
Substituting correctly 8 =2- 2% + ¢ Al
Note:  Exception to thé&T rule. Allow fullFT on
incorrect integration.
c=-4 (Al)
s=t'-t?-4 Al
(@ Synin=6.05 (accept (1, 6.05)) Al
ds .
(b) —=-15sin3t+2t Al
dt
d’s
a=— M1
e (M1)

2
a= % =-45cos 8+ 2 (Exception t&-T rule : allowFT

from E) Al
dt

N1

(6]
N3

(6]
N1
N2



15.

16.

(c) EITHER
Maximum value ofa when cos 8is minimumie cos 3 = -1
OR

At maximum% =0 (135sin 3=0)
THEN

T
t=

3 (accept 1.05; doot accept 60)

szjvdt

s=lertic
2
Substitutingt = 0.5
1+c=10
2
c=95
Substituting = 1

s= %e+ 95(= 109t03s.f.)

—av
=-10
() s=|vdt
=50t - % +c

40 = 50(0) — 5(0) €= c =40
s=50 - 5 + 40

(A1)

(A1)

Al

(M1)

AlAl

(A1)
M1

Al

(M1)

Al

(M1)
Al
Al

Al

Note: Award (M1) and the first (Al) in part (b) if ¢ missing,

but do not award the final 2 marks.

N2

N3

[6]

[6]

[6]



s=28- 2t34c
3

Note  Award no further marks if “c” is

missing.
Substitutings= 10 and = 3

10 = 25x 3 - %(3)3+c

10 =75-36 +c

METHOD 1

sis a maximum whew = $ = 0 (may be implied)

25— 4t° =0

2= 2

4

t:E
2
D

METHOD 2
Using maximum of (12% , may be implied)

25t — ft3 —29=12E
3 3

t=25
4

25 - §t3 -29>0 (accept equation)

m=1.27,n=3.55

d= 44t+5—5e—t dt
= JJass- g

(M1)(A1)(A1)

(M1)

(A1)

(A1) (N3)

(M1)

(A1)

(A1) (N2)

(M1)

(A1)

(A1) (N2)

(M1)

(AL)(A1l) (N3)

(M1)(A1)(A1) (C3)

Note: Award (M1) for/, (A1) forboth limits, (A1) for 4t + 5 —

5et



(b)

19. (@

(b)

(©

20. (a)

(b)

d=[2t> +5t+5%"];

Note: Award (A1) for 2 + 5t, (A1) for 56",

= (32 + 20 + 5¢) — (5)
= 47 + 58 (47.1, 3sf)

Velocity is§ .
dt

910t
dt

10 (m §Y

The velocity is zero when(;—f =0

10-t=0

t =10 (secs)

s = 50 (metres)
Note: Do not penalize absence of units.

()  Whent =0,v=50 + 508
=100 ms

(i) Whent =4,v= 50 + 508&
=56.8ms

vzﬁ =Ss= Ivdt
dt

[ loo+ 500

(AL)(AL)

(A1) (C3)

(M1)

(A1)

(A1) (C3)

(M1)

(A1) (C2)

(A1) (C1)

[6]

(A1)
(A1)

(A1)
(Al) 4

(AL)(AL)(AL) 3

Note: Award (A1) for eachlimit in the correctpositionand

(A1) for thefunction.



4
(c) Distance travelled in 4 seconds I 0=(50+ 50204 )dt

= [50t — 100€°%] 3 (A1)
= (200 — 100€) — (0 — 1008
=286 m (3 sf) (A1)

Note: Awardfirst (A1) for [50t — 100€°°Y, ie
limits not required.

OR
Distance travelled in 4 seconds = 286 m (3 sf) (G2)2

(d)

100

velocity

50

S
rd

1
12 t

time

Notes: Award (Al) for the exponentiapart, (A1) for the

straightline through(11, 0),

Award (A1) for indication of time on x-axisand velocityon
y-axis,

(A1) for scaleon x-axisand y-axis.

Award (A1) for markingthe pointwheret = 4.

(e) Constant rate =5$—8 (M1)

=8.11 m% (A1) 2
Note: Award(M1)(AO)for —8.11.



()  distance % (7)(56.8) (M1)

=199 m (A1) 2
Note: Do notawardft in parts (e) and(f) if candidatehasnot
useda straightline for t = 4 tot = 11 or if theycontinuethe

exponentiabeyondt = 4.
[18]

2
21. (a) % =30-at=>s=30- a% +C (AL)(AL)(AL)

2
Note: Award (A1) for 30t, (Al) for%—, (A1) for C.

2
t=O:>s=30(O)—a£%)+C:O+C:>C:0 (M1)
1
:>s:3(1—§a12 (Al) 5
(b) () vel=30-5(0)=30m$ (A1)
(i)  Train will stop when 0 = 30 —t5>t=6 (M1)

Distance travelled = 36- % at®

= 30(6)% 5) (&) (M1)

=90m (A1)
90 < 200 => train stops before station. (R1D)(AG) 5



22.

(©)

(@)

(b)

(©)

(d)

(ii)

(i)
(ii)

(i)

(ii)
()

(if)
(i)

(i)

(ii)

0=30-at => t=£)
a

2
30 (@j _L () (@j =200
a 2 a

(A1)

(M1)(M1)

Note: Award (M1) for substituting?ﬁ, (MI) for setting equal
a

to 200.

_, 900_450_450_,
a a a

Note: Do not penalize lack of units in answers.

v(0) = 50 — 50%=0
V(10) = 50 — 50¢ = 43.2

a= - —50(-0.28"%)
dt

= 10e°2

a(0) = 108 =10

toow=a-0

whena = 0,vis constant at 50

y = Jvdt
—-0.2

=50 -2 +k
2

=50 + 2508°2 + k

0 = 50(0) + 2508+ k = 250 +k
= k=-250

(A1)

(A1) 5

[15]

(A1)
(A1) 2

(M1)

(A1)

(A1) 3

(A1)
(Al)
(R1) 3

(M1)
(A1)

(AG)

(M1)
(A1)



23.

(@)

(b)

(©)

(d)

(i) Solve 250 = 50+ 250€%2 — 250
= 50t + 25062 - 500 = 0
—t+56%2_-10=0
—t=9.207s

Whent = 0,
h=2+20x0-5x9=2 h=2

Whent = 1,
h=2+20x1-5x4
=17

() h=17=17=2+20-5°
(i) 5t°-2a+15=0

- 5t?—4+3)=0
- (t-3)t-1)=0

(M1)

(G2) 7
[15]

(M1)

(A1) 2

(M1)
(A1)
(AG) 2

(M1)
(M1)

(M1)

Note: Award (M1) for factorizing or using the formula

=t=3o0r1l
Note: Award (Al) fort=3

() h=2+20-5°

:>d—h =0+20-10
dt

=20-10
@iy t=0
:>d—h =20-10x0=20
dt
dh
ili — =0
(i) ™
= 20-10=0-=t=2
(iv) t=2

=h=2+20%x2-5x%2=22=>h=22

(A1) 4

(A1)(A1)

(MO)
(A1)

(M1)
(A1)
(M1)

(Al) 7
[15]



24. (a)

(b)

25. (a)

() t=0s=800
t=5s=800+ 500 — 100 =1200
distance in first 5 seconds = 1200 — 800
=400 m

. ds
=— =100-8
@iy v @

Att =5, velocity = 100 — 40
=60 m &t

(i) Velocity =36 m §t= 100 — 8 = 36
t = 8 seconds after touchdown.

(iv) Whent = 8,s= 800 + 100(8) — 4(8)
= 800 + 800 — 256
= 1344 m

If it touches down at P, it has 2000 — 134456 & to stop.

Tocometorest, 10048 0=t=125s

Distance covered in 12$5= 100(12.5) — 4(12.%)
= 1250 - 625
=625

Since 625 < 656, it can stop safely.

t=20h=50-5()=50-20
=30

OR

h=90-40(2) + 5%
=30

(M1)

(Al) 2

(A1)

(M1)
(A1) 3

(M1)
(A1) 2

(M1)
(AL)
(A1) 3

(M1)
(M1)

(M1)

(A1)
(R1) 5
[15]

(A1)

(A1) 1



(b)

© 0

(ii)

(d)  Whent =2 (j) dn
=-20
(e) % = 0= -1 =0(0<t<2)
t=0 or
M Whent=4
h =90 - 40(4) + 5(3
=90 - 160 + 80
=10

1 2 3 4 5

(A4)

Note: Award (Al) for marked scales on each axis, (Al) for

each section of the curve.

@:5(50 - 59
dt o

=0-10=-10a

@:5(90—4% 52)

dt ot
=0-40+10= —40 + 10

— =-10(2) or dnh _ —40+10x%x 2
dt dt

=-20

or —40 + 1@=0(2<t<5)

t=4

(A1)

(A1)

(M1)
(A1)

(M1)
(AL)(AL)
(M1)
(M1)

(A1)

[15]



