Answering Exam Questions: 2. Relative Velocity
Calculate the length of time for which the objects are less than or equal to 10 km apart.
Calculate the time it takes to get to the shortest distance point

A common mistake here is to divide the shortest distance by VAB instead of dividing the relative distance travelled by VAB. Can you see why this would be wrong?
2008 (a)
Straight-forward “Two-Independent-Bodies” type question.

(i) Ans: VCD = 1.5i – 2 j.
(ii) See 2003 (b). Draw a relative velocity diagram keeping D at the junction. To find out how long it takes C to get to the shortest distance position divide 100 Cos ( by VCD to get 24 secs. 

Once you have the time from this relative velocity diagram, you then apply this to the real-world situation to ascertain how far C has travelled and from this how far C would be from the intersection at this stage.

Ans: Distance of C from intersection = 64 m.
2008 (b)
This is a “Wind Appears to Blow” type question, but with a twist.
Usually for “wind appears” type questions you are told the velocity of the man and the velocity of the wind relative to the man, and from this you get an expression for the velocity of the wind. Then repeat this for the second scenario.
In this question you are told the velocity of the wind at the beginning (Vw = xi – 3j), along with the direction in which the man is travelling (Vm = ai). Now put these together to get an expression for the velocity of the wind relative to the man (Vwm).

In this case we get Vwm = (x-a)i – 3j.
Now because you are told that the wind appears to come from a direction North α° West where tan α = 2, you use this to say Tan ( = (Vj/Vi), i.e. 2 = Vj/Vi, i.e. 2 = 3/(x-a).
Repeat for the second scenario to get two equations and solve.

Note that there is an extra twist to this question: We usually say “Tan ( = (Vj/Vi)”, but this only applies where the angle is given with respect to the x-axis. In this case the angle was given with respect to the y-axis (North α° West means first go North, then go α° towards the left). So instead of saying “Tan ( = (Vj/Vi)”, we need to say that “Tan ( = (Vi/Vj)”. Can you see why? This gives us for the first scenario above: 2 = (x-a)/3. Use the same approach for the second scenario.
Ans: direction of the wind is North 71.60 West
2007 (a)
Straight-forward “Two-Independent-Bodies” type question.

(i) Easy peasy. Ans: VAB = 24 i + 32 j.
(ii) “Calculate the length of time for which the boats are less than or equal to 8 km apart” (see also 2002 (a)).

Draw a diagram, then draw a circle of radius 8, with the centre at A, and use geometry to solve.
Ans: time = .39 hours or 24 minutes.

2007 (b)
Body-and-carrier type question. First draw an accurate diagram putting in all relevant information. Next find how long it takes to cross (30 ( 3 Sin 30) and put this off to the side. Now from the diagram the net velocity will be 5 – 3 Cos 30. Distance is then = vel × time.
Ans: Distance = 48.04 m. Note that you must give it to 2 decimal places.
2006 (a)
(i) Fairly straight-forward body-and-carrier type question. Make sure to draw a diagram to help you.
Remember when it asks for speed it means magnitude.

Ans: v = 163.2 km/hr

(ii) Ans: Magnitude = 282.4 km/hr, direction is due west.

2006 (b)
This was a very difficult question. Just drawing the diagram representing all the available information was in itself ‘non-trivial’ (as maths people like to say).
(i) Easy peasy; boy travelled 8 m, girl travelled 4 m.

(ii) Use geometry to show that 8 = 10 Cos 60 + 4 Cos (
Ans: ( = 41.410.
(iii) Draw in the VGB line and use geometry again to find any necessary angles.

Ans: Shortest distance = 5.3 m.

2005 (a)
Fairly straight-forward body-and-carrier type question

You are told that crossing the river in the shortest time takes 10 seconds. Use this to get d = 10 u.

Now draw an appropriate diagram and label it, then use Pythagoras to get the velocity straight across as (u2 – v2.

Ans: Time = 10u / (u2 – v2.

2005 (b)
“Two-Independent-Bodies” type question.

(i) Straight-forward. Ans: p = 10(2.

(ii) Find out how long it takes A to reach the intersection then find out how far B has travelled in this time and from that how far B is from the intersection. Now draw a relative-velocity diagram and use the adjacent to find how long it took A to get to the shortest distance point. Now that you know the time you can apply this to the real-world situation and combine it the real-world velocity to get the actual distance of A from the intersection. 
Ans: 11 m.

2004 (a)
(i) Fairly straight-forward body-and-carrier type question.

Ans: direction = 550 North of East.
(ii) Straightforward. Time = 8.16 secs
2004 (b)
Straightforward “Two-Independent-Bodies” type question.
(i) Vqp =  i – 8 j
(ii) Shortest distance = 25 m.
(iii) Time = 4.6 secs.
2003 (a)
Very straightforward “Wind Appears to Blow” type question.
Ans: Vw = 20 i + 10 j
2003 (b)
(i) Straightforward. VAB = 2.5 i - 5(3 j.
(ii) Draw a relative velocity diagram keeping B at the junction. To find out how long it takes A to get to the shortest distance position divide 375 Cos ( by VAB. 
Once you have the time from this relative velocity diagram, you then apply this to the real-world situation to ascertain how far each has travelled and from this how far each would have travelled from the intersection at this stage.

Ans: Distance of A from intersection = 288 m, distance of B from intersection = 115 m.

2002 (a)
(i) Straightforward.

Ans: Shortest distant = 8,660 m
(ii) “Calculate the length of time for which the boats are less than or equal to 9 km apart” (see also 2007 (a)). Draw a diagram, then draw a circle of radius 8, with the centre at A, and use geometry to solve.

Ans: Time = 8,660 secs.

2002 (b)
This one was particularly nasty.
You were given Vpw and Vqw and asked to find Vpq.

Here you must use the fact that 

Vpw = Vp – Vw, so Vp = Vpw + Vw
Vqw = Vq – Vw, so Vq = Vqw + Vw
Now because Vpq = Vp – Vq, when you use the expressions above for Vp and Vq, the Vw cancels out in each and you are left with just the Vpw and the Vqw to work with.
Don’t forget about the magnitude and direction.

Ans: Magnitude = 26 km/hr and direction is 610 North of East.
2001 (a)

Straightforward

2001 (b)
Fairly straightforward body-and-carrier type question.

The last part is a bit tricky; if total time taken is two hours, it means d/v1 + d/v2 = 5.
Ans: d = 388 km.

