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Gradients of curves

You can estimate the gradient of a curve at a given point by drawing a tangent to the curve
at that point. This distance-time graph shows a runner accelerating at the start of a race.
This straight line

: _/-is the tangent to
sl the curve at £ = 3.
~ Drawa large triangle

o .to make your estimate
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On a distance-time graph At |
the gradient tellsyou &1
theﬁpﬂed. “I'her,'e if} W EENENINN
more about this on G-
page 30. |

Distance (m)

2 4.6 _
Pay attention to thf’/ e e e .
scale when you 0= SEEENRNRAimAESNRSESsNRASENBSEESES so after 3 seconds the runner was

calculate the gradient. 0 1 2 3 4 5 travelling at approximately 2.3 m/s.

Time (£ seconds)

'@; Problem (a) To work out the average
- O DL rate of change between t = O

Worked example

This graph shows the voltage across a phone and t = 30 draw a straight line between
battery as it charges from empty. these points on the graph and find

" itcj qradient-ThiE 15 the Same 35 Workin@ OUt

i Change in voltage
O N I s ; —Change in time
553 S G B e (b) You need to find the point on the curve
B e with the same gradient. That means you
;E il euur _su E §3 6 need to flﬂd - tangent to the clirve
e that is parallel to the first line. Slide 2
e iR R 3 transparent ruler across the grapr until
o [P S it just touches the curve. You can show

0 S 10 15 20 25 30 how you got your answer by drawing
Time (¢ minutes) the tangent to the curve at this point.

(a) Work out the average rate of increase of
voltage between ¢ = 0 and 1 = 30. (2 marks)

3.6 .
20 0.12 V/min

Amir wants to stop charging his phone when Read scales carefully. On the horizontal axis 10
the rate of increase of voltage drops to this small squares represents 5 minutes, so | small
average level. square represents 0.5 minutes.

(b) After how long should Amir stop charging«
his phone? You must show how you got
your answer. (2 marks)

11 minutes

A container 1s filling with water. This graph shows the depth
of water in the container.
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(a) Work out the average rate of increase of depth
between 1 = 0 and 7 = 40. (2 marks)

(b) Use the graph to estimate the rate of increase 0 0 i

0 20 30 40
of depth of water at ¢t = 10. (2 marks) Time (¢ seconds)
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