R Velocity-time graphs

ROBINSON Worked solutions

This topic online

n A car starts from rest and accelerates uniformly to a velocity of 24 m/s in 8 seconds.
It then travels at a constant velocity of 24 m/s for a further 20 seconds.
a. Work out the acceleration of the car during the first 8 seconds.

b. Work out the total distance travelled by the car in the 28 seconds.

30
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Velocity (m/s)

10

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time (s) (3 marks)

o) Acceleration = ""‘“‘3" in \/e.(.oca.ty divided bJ time = 2% . 3

%
m/ s*

b) Oasto.l\oe. = area Under the \/L(.ooitd-time. Sro.pk
First 2 seconds ({:riou\ﬁ(.e)

l x8x2w = U m
y

Next 20 seconds (re.otunat.e.)
20 x 24 = 40 m

Total distance = € + 480 = STe m
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n A velocity-time graph shows a cyclist who accelerates uniformly from rest to 12 m/s in 8 seconds,
then travels at a constant 12 m/s for 10 seconds.

a. Work out the acceleration during the first 8 seconds.

b. Work out the total distance travelled in the 18 seconds. (3 marks)

m) Sro.d.:.e.n{:

12 = s
%

2
.S m/’s
b) Area under the 3ro.ph

tﬁMg“ = % X 8x12 =43

rzotou\a(.z = 12 X10 =120
42 + 120 = 148

16D m

B A runner's velocity-time graph is a smooth curve. The table gives her velocity v m/s at time ¢
seconds.
t0,10,20,30 v:0,4.2,66,7.8

Use the trapezium rule with 3 strips of equal width to estimate the distance the runner travels in the
first 30 seconds. (3 marks)

o:.sto.nce. is the area vader the ve.(.oo:.‘kj-‘k:.mc Sro.pk. Use 3

trapezia °f width 10
Ferst strip

%xle(O'}H‘.Z) = 2

Second strep

| -
— .x.\O.z('-}.?.-l'C.C) = S4

2
Therd strep

% .x.lO.x.(G.é*'?.&) = T2

Eetimate = 21 4+54 4+ T2 =\47Tm

\%T7 m
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n A train travels at a constant velocity of 20 m/s for 30 seconds. It then brakes uniformly and comes to
rest after a further 8 seconds.

a. Work out the deceleration of the train while it is braking.

b. Work out the total distance travelled by the train.

o.) ve.(.ood::) J:o.(.(.s 20 wn @ seconds

10 = 25
:

2
2.5 m/s deceleration

(3roulae.at =-2.5)
b) Areo under the 3“Ph

20X 30 = (OO

lx%xzo = 80
y A

00 + 20 = €80

¢8O m

B A cyclist accelerates away from traffic lights. Her speed-time graph is a smooth curve that gets less
steep as time increases. The table gives her speed v m/s at time t seconds.

t:0,5 10,1520 v:0,3.6,54,64,7.0

a. Use the trapezium rule with 4 strips of equal width to estimate the distance travelled in the first
20 seconds.

b. State, with a reason, whether your answer to part (a) is an underestimate or an overestimate of
the actual distance.

(4 marks)

(4 marks)

m)Aer=lex(O+3.6)+— JLS:&(3.$+5’.‘+)+lxSJ!.(S.H-'!’G.%)*L xS x

2 2 2 2
(¢4 +7.0)

= 94225 4+2954+433.5 =94.5 m

(Eq uivalently
1'0 Vvo. ()} j 2
2.5 2378 = 1'-}.5'.)

xS x(0+2x36+2 xS 4+2x64+T.

o) =

b) The aro.pk s o curve that Sets less stu.p (coﬂcmve.), s0 each chord Lies below

the curve and each trapezivm messes some of the area. The estimate s an

vnderestimate
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n A cyclist's velocity increases uniformly from 4 m/s to 10 m/s over 12 seconds.
a. Work out the acceleration of the cyclist.

b. Work out the distance travelled in the 12 seconds.
o)
\O-4% = o.s
12

0.9 M/sz

(4 marks)

b) Tropezium area

- |

= —x(4+10)x12
2

= 7Tx\2

24 m
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The speed-time graph for a car is a smooth curve for 0 < t < 12, where t is the time in seconds and
the speed is in m/s.

A tangent drawn by eye to the curve at t = 6 passes through the points (2, 8) and (10, 32).
a. Use the tangent to estimate the acceleration of the car at ¢t = 6.

b. Explain why your answer is only an estimate.

45
40

3 (10, 32)

30 z

25

gent
20

Speed (m/s)

15

10 (25°8)

0 2 4 6 8 10 12

Time (s) (4 marks)

m) Pcceleration ak £ = ¢ s the 3(‘0.&:.2.1\‘(5 °f the tu\au\t at t

=46
Gradient = ¥2-8 _ 24 _
10 -2 %

So the acceleration is o.ppro.z:.mo.te.(.:, 3Im/s?
b) The '(:o.aaent ws drawn by eye to a curved gro-ph, so ts gradient (and khercocore,

the mor.'.(.c.ro.t:.on) is oALJ on estimate
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n A car accelerates uniformly from rest to a velocity of V m/s in 10 seconds. It then travels at a
constant velocity of V' m/s for 20 seconds, and then decelerates uniformly to rest in 5 seconds. The
total distance travelled is 440 m.

a. Work out the value of V.

b. Work out the acceleration of the car in the first 10 seconds. (4 marks)

s'ta.ae.\:%xloxv 3 SV

$k°~3° 2:20xV % 20V

sto.se. 2: !l xsxyv F 2.5V

2
27.SV ¥ 440
+27.5 Vv T 14 27.5
b)
ﬁ = L6
\O
\.é m/sz
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n A train travels at a constant velocity of 30 m/s for 40 seconds.

It then decelerates uniformly, coming to rest in a further 25 seconds.

a. Work out the deceleration of the train.

b. Work out the total distance the train travels in the 65 seconds.

35

30

25

20

15

Velocity (m/s)

10

o.) Oeceleration

b) Distonce

30 40 50 60 70

Time (s)
30

22 = 1.2 m/?
25

area vnder the szoca{:y-‘timz gro-ph

Conskant phase (re.cto.ns(.e.)

4O x 30 = 1200 m

Oeoe.(.e.ro.{::.na phase ({:riu\ate)

%xZSxSO = 37Sm

Totoal = \200 + 375 =\S75 m
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m The velocity, v m/s, of a runner is measured every 2 seconds.

Time, t (seconds) | 0 | 2 4 6 8

Velocity, v (m/s) 0|6 |10 | 12 | 13

a. Use the values at t = 2 and t = 6 to estimate the acceleration of the runner at t = 4.
b. Use the trapezium rule with 4 strips to estimate the distance run in the first 8 seconds.

c. Is your answer to part (b) an overestimate or an underestimate? Give a reason. (5 marks)

o) Gradeent betweent =2 and £t =¢

- = 6
u- —_=\.9
¢-2 9

2
.5 m/s

b) Trapezium rule, strep wedth 2

= Ixzx[(o+l3)-&z(6+l0+ll)1

= 13+ 56

¢I m

o) Curve s above the strmiak‘k tops °of the ‘kro.pbz'm.

vaderestimate

m Car A travels at a constant velocity of 15 m/s. Car B starts from the same place at the same time. Car
B accelerates uniformly from rest to 20 m/s in 10 seconds and then continues at a constant 20 m/s.

a. Work out the distance travelled by each car after 10 seconds.

b. Work out the time at which car B catches up with car A. (5 marks)

o.) Al.‘ke.r 10 s
A:\sx10 = ISO
6. % X 10 x 20 = \00

b) For t > 10
1 Aist
®: 100 4+ 20(t -10) % 20t - 100
20t -100 #F ISt

nist st-100 § 0 nist
+100 s’k £ \00 +100
= £ T 20 15

£ = 20 seconds
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m A motorbike accelerates from rest. Its speed-time graph is a smooth curve that gets less steep
throughout the first 12 seconds. The table gives the speed v m/s at time t seconds.

t:0,4,8 12 v:0,7,11,13
a. Use 3 strips of equal width to estimate the distance travelled in the first 12 seconds.

b. Amir says, "The acceleration at t = 8is 11 + 8 = 1.375 m/s2." Explain why Amir is wrong. (4 marks)

\ \
m)Tro.pzz'wmstripsoocwz.d.‘kk'-ll —_— .z'-lx(0+7)+ I x'-l.z(7+\\)+ L x4 x(n+
2 2

\3)

= 4 +36+48 =10 m
b) Wl devided b Yy % s the gradeent op the stracqht Lene prom the origen to (3, W) the
average acceleration over the J.:.rsk 8 seconds
The acceleration ot the tnstant € = 2 ts Ehe Sro.iie.nt of the {:o.nburl: to the curve
at t =8 Becavse the curve s Sd:{:'ma Less steep, this ko.nau\t Sro.d.iud: s smaller
than 1.37S m/s%, so Amcr's method is wrong
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m A lorry starts from rest and accelerates uniformly for 10 seconds until it reaches a velocity of 20 m/s.

It then travels at a constant velocity of 20 m/s for T seconds.
The lorry travels a total distance of 700 m.

Work out the total time of the journey.

20

Velocity (m/s)

0 10 Time (s)
< >

T seconds

Diagram NOT accurately drawn

Ocstance wn £he J.:.rst 10 seconds (‘krums(.e.)

! x\w0x20 = \0Om
2

Ocstance rbmo.im.l\b ot constant \/e.(.oc.itj
700 = 100 = (00O m

Time ot 20 m/ s

600 = 30 seconds, so T = 30
20

Total time = \O + 30 = 4O seconds

4O seconds
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m A ball rolls down a slope. Its velocity-time graph is a smooth curve. The table gives the velocity v m/s
at time t seconds.

0,246 v:0,2252,90

a. A tangent drawn to the curve at t = 4 passes through the points (1, 0.1) and (6, 8.6). Use the
tangent to estimate the acceleration of the ball at t = 4.

b. Use the trapezium rule with 3 strips of equal width to estimate the distance the ball travels in the
6 seconds.

10

awn tangent

Velocity (m/s)

Time (s) (5 marks)

o) Acceleration at £ =4 s the Sro.&:.e.nt °of the tau\se.nti (%.¢ - O.I) +(¢-1)=85=:S5
=\.7 m/s"

b) Tro.pbz;um str:.ps °f width 2:

l -
—x2x(o+22) = %2
2

x2x(22+52) = T4

\
2
%xlx(S.l'l"l.O) = w2

Estimate = 2.2 + 7.4+ 142 =238 m
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m A car makes a journey in three stages.
Stage 1: it accelerates uniformly from rest to a velocity of V. m/s in 12 seconds.
Stage 2: it travels at the constant velocity V m/s for 48 seconds.
Stage 3: it decelerates uniformly from V m/s to rest in 20 seconds.
The total distance of the journey is 960 m.
a. Work out the value of V.

b. Work out the acceleration of the car during stage 1.

A
V
| |
Velocity ( s] :
| |
| |
| |
| |
| |
| |
1 1 >
0 12 Time (s) 60 80

Diagram NOT accurately drawn (6 marks)

a) Tokal distance = area vnder the ve.(.or.:.ty-'kame. 3ro..p|-\ (o trapezium made of o
truu\sl.t., o N.cto.ns(.e. oand o ‘krw.l\a(.z)

5'&0.3(. |
! x\2xV = ¢V. 5'(:0.32. 2: 48V, Sta.ae. 3 ! xX20xV =
2 2
oV
6V + 48V + IOV = €4V = 160,50V = IS

Check
¢(15) + 4+2(15) +10(1IS) = 90 + 720 +150 = %O

b) Aooe.(.e,ra‘t:.w\ N s‘ko.ae. = :i = 1.25 m/s‘
2
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A drone accelerates from rest. Its velocity-time graph is a smooth curve that gets less steep
throughout the first 12 seconds. The table gives the velocity v m/s at time t seconds.

t:0,3,6,9 12 v:0,45,7.8,99, 108

a. Use the trapezium rule with 4 strips of equal width to estimate the distance travelled by the
drone in the 12 seconds.

b. A tangent drawn to the curve at t = 6 passes through the points (0, 2.4) and (12, 13.2). Use the
tangent to estimate the acceleration of the drone at t = 6.

c. Is your answer to part (a) an underestimate or an overestimate of the actual distance? Give a
reason.

14
12 PR

10 ”

n tangent

Velocity (m/s)

0 2 4 6 8 10 12
Time (s) (7 marks)

o.) Tropezium skrt.ps °f width 3:
% xdx(0+us) = 675

% xdx (4.5 + 7.%) = 19.45

%:x.?»x(?.‘b-t‘l.‘i) = 245§

% x3x(19+108) = 305

Estimate = £.75 +18.45 + 2¢.55 + 21.0S = 328 m
b) Gradient op the tangent = (132 = 2.4) 3 (12 - 0) =10.8 £ 12 = 0.9, 30 the
acceleration ot € = 6 cs abovt 0.9 m/ s
¢) The guestion states that the curve gets Less steey {:krouakout the wunterval.
Each skrmak{: top edge of o tropezium Lies below the curve, so the trapezia miss
some area: the estimate ts an underestimate. The table values alone would not

prove thes shape between the recorded times
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