(2)

(b)

(a)

(b)

(a)

(b)

Integrate acceleration to find velocity: v = [ (4t — 8)dt = 2t> — 8t + C (M1)
Use initial conditions v = 6 whent = 0 to find C = 6 (M1)
State final expression: v = 2t?> — 8¢ + 6

Setv = Oandsolve fort:2t> — 8t +6 =0 = > —4t+3=0 = (t —3)(t —
1) =0 (M)

Identifyt =landt =3

Integrate velocity to find displacement: s = [ (2t*> — 8t + 6) dt = %t3 — 42 +6t+C

CD)

Evaluate s att = 3: s(3) =
Evaluate s att = 1: 5(1) —
Calculate difference: (% +C

~ 8
Final answer 3 m

8§-36+18+C=C (M)
—4+46+C=%+C (M0
0=} @@

winy =

~—

(Total for question 1 is 10 marks)

Integrate velocity: s = [ (6t — 2) dt = 3t> — 2t + C' (M1)
Uset=5,s="75:75=3(5)>—2(5)+C = 75=65+C (M1)
Find C = 10 and state s = 3t* — 2t + 10

Substitute ¢ = 10 into displacement formula: s = 3(10)* — 2(10) + 10 (M1)
s =300 — 20+ 10 = 290 m

(Total for question 2 is S marks)

Integrate a for 0 < ¢t < 3:v = [ (4t — t?) dt = 2t* — 33 + C (M1)
Uset=0,v=0 — C=0
Substitute t = 3:v =2(3)2 - 3(3)’ =18 ~9=9ms!

Integrate a fort > 3:v = [ 27t 2dt = —27t ' + C (M1)

Use continuity att = 3: v = 9 whent = 3 (M1)

9=-24+C = 9=—9+C = C=18
Substitute t = 6:v = —21 +18 = —4.5+ 18 =13.5ms™"

(Total for question 3 is 8 marks)




(a)

(b)

Differentiate v for 0 < ¢t < 5:a = % =7-2t (M1)
Substitute t = 4:a =7 — 2(4) (ML)

a=—1ms?

Integrate v for 0 < ¢t < 5: 5, = [%t2 — %t3]8 (M1)

= (25) — Ja2e) = 2P — 13— M Ty

Fort > 5,v =10 — 2t. v = 0 when t = 5. For 5 < t < 10, v is negative. @
Distance for 5 < ¢ < 10: |f510(10 — 2t) dt| = |[10t — ¢?];°| (MD)

|(100 — 100) — (50 — 25)| = | — 25| = 25m

Total distance = % + 25 = &61"—50 = % m

(Total for question 4 is 10 marks)

* Differentiate velocity to find acceleration: a = % =6 —4t (m1)
e Seta=10:6—-4t=0 (M1)
e Solvefort:t=1.5s

(a)

(b)

(Total for question 5 is 3 marks)

Integrate acceleration: v = [ (6t — 24) dt = 3t> — 24t + C (M1)
Uset=0,v =60 = C =60,s0v = 3t> — 24t + 60

Complete the square or find minimum: v = 3(¢* — 8t + 20) = 3[(t — 4)* + 4] (M1)
Minimum v = 12 at t = 4. Since v, > 0, v is always positive.

Integrate velocity: s = [ (3t> — 24t + 60) dt = t3 — 12t + 60t + C (M1)
Uset=0,s=0 — C=0
Substitute t = 10: s = (10)® — 12(10)? + 60(10) = 1000 — 1200 + 600 = 400 m

(Total for question 6 is 7 marks)




(a)

(b)

(©)

(a)

(b)

(a)

(b)

Integrate velocity: s = [ (12 — 2t2) dt = 12t — §t3 +C (M1)
C -

Uset=0,s=0 — 0 (BL)
Substitute t = 1: s = 12(1) — %(1)3 =12 — % = %m

Setv=0:12—2t2 =0 (M1)
=6 — t=+/6s

Set displacement s = 0: 12¢ — %t?’ =0 (M1
t(12 - 282) =0 — 22 =12 (M1
t? =18 — t =118 = 3v/25s

(Total for question 7 is 8 marks)

. . . . _ d o
Differentiate displacement: v = % = 3¢* — 30t + 62
Substitute t = 0: v = 62 ms~!

Differentiate velocity: a = % =6t — 30 (M1)

Seta=0:6t—30=0 = t=5s

(Total for question 8 is S marks)

Differentiate displacement: v = 6¢2 — 36t 4 48 (M1)
Setv = 0: 6(t> — 6t +8) =0 (M1)
Solve: (t —2)(t—4)=0 = t=2,t=4

Calculate displacement at key times:

o t=0,z=0

t=2,2=2(8) —18(4) +48(2) =16 — 72+ 96 = 40 (m1)
t=4,x =2(64) — 18(16) + 48(4) = 128 — 288 + 192 = 32 (M1)
t =5,z = 2(125) — 18(25) + 48(5) = 250 — 450 + 240 = 40 (M1)

(o]

o

o

Calculate distances between turns:

o 0to2: |40 — 0| =40

o 2t04:(32—-40| =8

o 4t05:]40 — 32| =8 (M1)

Total distance =40 + 8 + 8 = 56 m

(Total for question 9 is 8 marks)




10

11

12

Integrate acceleration: v = [ (3t + 5) dt = 3t2 + 5t + C (mM1)
Uset=0,v=2 — C =2

Setv=6att=T:3T? +5T +2=6 (M1)

Rearrange to quadratic: 372 + 107 — 8 = 0 (m1)

Factorise: (3T — 2)(T +4) =0 (M1)

Since T' > 0,T = 2

(Total for question 10 is 6 marks)

Expand s = t* + kt? and differentiate: v = 3t> + 2kt
Usev=0att =4:0=3(16) +2k(4) — 48 +8k =0 (M1
Findk = —6

Differentiate v to find a: a = 6t + 2k = 6t — 12
Substitute t = 10: @ = 6(10) — 12 = 48 ms 2

(Total for question 11 is 8 marks)

Setv =0:6t —2t> =0 = 2¢(3—¢) =0 (M1)

Identify ¢ = 3 (as t = 0 is start)

Integrate velocity: s = [ (6t — 2t%) dt = 3t? — %t?’ +C (M1)
Uset=0,s=0 — C=0

Substitute t = 3: s = 3(3)? — (3)3 =27 - 18 =9m

(Total for question 12 is 5 marks)




13

14

(a)

(b)

(a)

(b)

(©)

Expand x = %t‘l — §t3 + %t2 (M1)

Differentiate: v = 33 — 4t2 + ¢

Setv = 0: ¢(3t> — 4t + 1) = 0 (M1)

Factorise: t(3t — 1)(t —1) =0 = t=0,t = 3,t =1

Calculate displacement at turning points and endpoints:
ot=0,5s=0
o t=1/3,5=3(5)(9(5) —16(3) +6) = (1 — 3 +6) = 15 (3) = 33

Ne)
—~
=
~—
|
—
(=]
—~~
[\)
~
_|_
(=]
—_ =

Wl

v
°ot=2,5=1 (36 —32+6) = 2 (M1
Calculate distances:

o 0to1/3:5/324
o 1/3to1:|—1/12 —5/324| = | — 27/324 — 5/324| = 32/324
o 1t02:|10/3 — (—1/12)| = [40/12 + 1/12| = 41/12 (m1)

5+32 _|_41_37 +1107_1144 353m.

Total distance = 57 + 557 — 31 T 34 324

(Total for question 13 is 8 marks)

Factorise the expression: z = t*(2t — 1) (M1)
Since both ¢ and (2t — 1)? are squares, they are always > 0, so z > 0.

Expand z = 4t* — 48° + > (M1)

Differentiate: v = 16¢3 — 12¢% + 2t

Setv = 0:2t(8t* — 6t +1) =0 (M1)

Factorise: 26(2t —1)(4t — 1) =0 — t=0,t = 3,t = 1

Calculate displacement at turning points:

o t=0,s=0

o t=1/4,5 = (1/16)(4(1/16) — 4(1/4) + 1) = (1/16)(1/4 — 1 + 1) = 1/64
o t=1/25=(1/4)(4(1/4) — 4(1/2) +1) = (1/4)(1—-2+1) =0 (1)
Calculate displacement at endpoint:

o t=>5,5=25(4(25) — 4(5) + 1) = 25(100 — 20 + 1) = 25(81) = 2025 (M1)
Total distance = (1/64 — 0) + (1/64 — 0) + (2025 — 0) = 2025 + 2/64 = 2025 +
1/32 = 64801 m

(Total for question 14 is 10 marks)




15

16

(a)

(b)

(a)

(b)

Setv =0:16+6t —t* =0 = t* — 6t — 16 =0 (M1)
Factorise: (¢t — 8)(t +2) =0 = t = 8 (since t > 0)
Differentiate v to find a: a = 6 — 2t (M1)

Substitute t = 8:a = 6 — 2(8) = —10 (M1)

Magnitude is 10 ms 2

Check for turning points in 0 < ¢ < 5: v = 0 att = 8, so no turns. (M1)
Integrate velocity: s = [ (16 + 6t — t2) dt = 16t + 3t> — 35 + C (M1)

: _ _ 125 _ 125 _ 125 _
];)615stzir215ce = 54(05) —5(0) =16(5) +3(25) — 5> =80+ 75 — 5> = 165 — =5 =
TEo=hm

(Total for question 15 is 8 marks)

Differentiate v to find a: a = 3 — 4t
Seta =0:3 -4t =0 (m1)

t=0.75s

Setv =0:3t+5—-2t°=0 — 2¢t* -~ 3t —5=0 (M1)

Factorise: (2t —5)(t+1) =0 = t =255

Integrate velocity: s = [ (3t + 5 — 2t%) dt = 3t* + 5t — 2t + C (M1)
Uset=0,s=0 — C=0

Substitute t = 2.5: s = 2(6.25) + 5(2.5) — 2(15.625) = 9.375 + 12.5 —
10.4166... = 11.4583... m

Final answer % m or 11.5 m (3sf)

(Total for question 16 is 9 marks)




