EdExcel Mechanics 2

Kinematics of a particle

Section 2: General motion

Solutions to Exercise

1. s=t>4+2° +3t+4

ds N
V=—=3t"+4t+3
dt

dv
a=—=06ct+4
dt

When t=2, v=3x2°+4x2+3=23
A=6X2+4 =16

2. (1) when t=0, s = -2, sothe initial displacement = -2 m.

S=2t%*4+3t-2

s
V=""=4t+3
dt

when £ = 0, v= 3 so the initial \/eLoa'Ltg s 3 ms,

(L) v=0 =4t+3=0 =Dt=—-07%5
Since this is negative, there are no times for which the veloeity is zero.

(i) whenws =0, 2t +3t—2=0
(2t-1)(t+2)=0
=%or —2

The particle is at the origin whew ¢ =%

P

2 (1) s=et*—t>=t(6-t)
40 T s
30 7
20 7

10 7

ds 5
V=— =12¢t -3t =3t(4 —t)
dt
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(i) Theparticle is at © whew £ = 0 and when ¢ = &.

(iil) The greatest displacement is when the velocity is zero.

zt{4—-t)=0
t=0o0ort=4

Frow the graph, the greatest displacement is when t = 4

s=4%*(6—-4)=32
The greatest displacement s 32 me.

(lv) The greatest positive speed is when the acceleration is zero

dv
a=—=12 -6t
dr
whenwa =0,t=2

whenw t=2, v=3x2(4-2)=12

The greatest negative speed in the time tnterval is when £ = & (from the

graph).
whenw t=6, v=3x6(4—-6)=-36

So the greatest speed Ln the time interval is 36 mst.

v =2t - ot*

s=[(at® - 9 )dt =5t* —zt 40
Whent =0, =20 >20=¢
s=it*—-zt*+20

dv N
4=— =06t —1Qt
at
Whew acceleration Ls zevo, 6t —18t =0

6t(t—3)=0
t=0ort==3
The acceleration s zevo when £= 0 and whew £ = =.
a=6—-2t

V:I(e—Qt)dt:et—t2+a
whew t=0, v=0 =¢=0
V=6t—t*=t6-t)
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The vehicle comes to rest again whew £ = &, so it reaches polnt B when ¢ = 6.

s=[(et—t)dt =3t* —2t>+4k
When t=0,s =0 > k=0
s=3t7—1¢®

Whew t=6, s=3%x6"—1x6
The distance AB is 26 w.

*=z6

At greatest speed, acceleration is zero > € =3
whent =3, v=3(e-3)= 9
The greatest speed is 9 ms™.

6. 1) a=et—4
v:j(et—4)dt:3t2—4t+c
whew t=0, v=0 =c¢ =0
vV =3t — 4t
s=[(st?—at)de =t -2t +k
Wwhenw t=0,s =0 => k=0
s=t%—2F

(i) whens =0, t*—2t*=0
t3(t—-2)=0

t=0 or t=2
The particle is at the origin when t = 0 and when t = 2.

(iit) The particle changes divection when v=0 = 3t* —4t =0
=t(at—4)=0
=>t=0or t=2%

The particle does not change divection in the first second.
whent =1, s=1°-2x1%*=—1
so the distance travelled Lin the first second is 1 m.

F. a=k(1+3t7)
Whewn t =3, 4 =14 = 14 = k(1 +3x37?)
= 14 =282k

> k=%

a==31(1+3t7)

v=[ta+att)dt =2t +16% 40
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When t=3, v=25 >25 =4ixz23+%ix3°+¢
=25 =15 +¢

=c¢=10
v==%it+it7+10
Initial \/eLoc’L‘cg =10 ms™,

r =2t +3¢t7 ]
dr o, .

v=—==0t"] +ot]
dt =
dv . ,

a=—==12t +6]
dt =

Whent =3, v=6x3"1 +6x3 ] =541 +18 |

V| =547 +18% = 56.
v/ =+ 9

Whent =3, a=12x3l +6 =361 +6 |

la|=vze® +6* =z6.5

Whent =3, r =ix3%L +(3x3" +5x3) |

= 9L +28.5 |
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10. ¥ =6t —4t” |

v:d—ﬁzéi—gz.j
T C
a:d—!=—2\j
- dt =

Magnitude of acceleration is g.

11. () £=(2t—1)£—t2i'

jSE

——L—zi—:z{j
t- - =

<

(it) whent =0, v =21, so the initial direction of motion is tn the L
divection.

(tit) v=21 — :2£j
a= A 2]
e
The acceleration is constant since it is independent of t.
(iv) Since the acceleration is zero in the L dirvection, the speed in the ©
divection is constant. The direction of motion can never be in the J

direction, since the speed tn the [ divection (s never zero.

12. a=11L+5 ]
zzjgolt=11t’£+5g'+g
whenwt =0, v=0 = =0
V=11t +5¢
gzjydt:%t2£+%tj+g

whent=0, r=3] =k=3]

r %t2£+%t24+3i

L2+ (567 +3)
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