Answering Exam Questions: 3. Projectiles
Know the keys – if you know the correct key you should get most of the marks even if you go wrong somewhere, but if you don’t know the correct key you will get very few marks for the question regardless of what you do.
Sometimes you will have an expression for Sx and Sy at the same time t. 
If Sy = 0 then use this to get an expression for t and sub it into the Sx equation. This way you are finished with the trickier of the two equations and the substitution is more straightforward.
If however Sy does not equal zero (either because the projectile is launched from a cliff or if it hits a target high up) then it’s probably as well to get an expression for t from the Sx = 0 equation and sub this into the Sy expression (see 2008 (a)).
“The plane of projection is vertical and contains the line of greatest slope.”

Put a line through this sentence when it appears on the paper – it just means that the projectile goes straight up the hill and doesn’t affect how you answer the question.
Target questions
A wall is 3 m from the point of projection and is 4 m high. The projectile just clears the wall. 

This means that Sx = 3 when Sy = 4, so get an expression for t (from the trickier equation – usually Sy) and sub it into the simpler equation.

2008 (a)

2001 (a)

A particle is projected down an inclined plane

Remember that the component of g in the x-direction (g sin() is positive.
Example 2008 (b)

2008 (a)

This is a ‘Target question’.

Get expression for Sx and let it equal a, then get expression for Sy and let it equal b. Get t on its own from Sx = a equation and sub this into Sy = b.
Use this to get an expression for u2, then set this aside for later.
Now use your normal approach for ‘greatest height’; let Vy = 0 to get an expression for t, then sub this into the expression for Sy and when you find that you have a u2, just sub in the expression which you got at the beginning.

2008 (b)

Range: Straightforward, but there is a bit of playing with trigonometric expressions.
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Note that becomes 
Ans: k = 4
2007 (a)

Straightforward, but note that if sin 2( is ½, then 2( = 300 or 1500.
Ans: ( = 150 and 750.
2007 (b)

Straightforward, see the key that corresponds to the phrase: “the particle is moving horizontally when it strikes the inclined plane”.
2006 (a)

(i) [image: image3.emf][image: image4.emf]Straightforward
Ans: 

(ii) Straightforward (tan ( = vy/vx)

Ans: Direction = 3-t

(iii) This one is quite tricky: “Find the two times when the direction of the particle is at right angles to the line joining the particle to o”.
The phrase “the direction of the particle” should read “the direction in which the particle is moving”, which we have already worked out from part (ii) as being 3-t.

The phrase “the line joining the particle to o” should read “ the line joining the position of the particle to o”; the slope of this line corresponds to the inverse tan of Sy/Sx.
If both lines are perpendicular then the products of these two slopes equals -1.

Ans: t = 4 s and t = 5 s.
2006 (b)
Easy peasy.

Ans: Range = 2u2/3g
2005 (a)

Okay, but it does combine projectiles with a concept from collisions.

Note that the ball is projected horizontally so Ux = 2 and Uy = 0.
Use this information to get the initial velocity for the second stage (Uy here will be in terms of e).

Ans: e = ¾.

2005 (b)
(i) [image: image5.emf]Straightforward except that it seem that the final expression is a bit unwieldy and you might be tempted to spend a bit of time playing with trigonometric expressions to tidy things up when in fact this gets you nowhere.
Ans: Range =

(ii) Remember that for maximum range you will need to differentiate the expression for the range in terms of (, and then let this = 0, i.e. dR/d( = 0.
2004 (a)
For greatest range the projectile would pass through the highest point of the tunnel, i.e. Sy = 8 when Vy = 0. Solve to find t and (.
Ans: Greatest range = 40 m.

2004 (b)
Straightforward, see the key that corresponds to the phrase “the particle strikes the inclined plane at right angles”.
2003 (a)
Straightforward: Use Sy = 0 to get an expression for t.
Sub into expression for range, and sub t/2 into expression for maximum height. 
Then use the equation: Range  =  5 (Maximum height).
Ans: ( = 38.70
2003 (b)
Straightforward in principle, but there is a bit of playing with trigonometric expressions. In fact this was so messy that the marking scheme indicates that full marks were allocated for corrected substitution without any further simplification.
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Ans: Range = 
2002 (a)
(i) Straightforward, note that when you use Sy = 14.7, you end up with a quadratic and therefore two answers for t. It’s still a little tricky to get the final expression, but you can do it!
(ii) Easy peasy. Ans: ( = 450.
2002 (b)
(i) Straightforward, see the key that corresponds to the phrase “the particle strikes the inclined plane at right angles”.
(ii) Straightforward, use the previous expression to get a value for tan β, then draw a small right-angled triangle to get values for cos β and sin β. Sub these into the expression for range to obtain the required expression.

2001 (a)
Straightforward example of a ‘Target question’: Sy = 1 when Sx = 21.
Ans: u = 14.7 m s-1.
2001 (b)
Not too bad, but it does combine Projectiles with Collisions.

There are two stages; use equations of motion to find the particle’s velocity just before it hits the plane, break this up into the i and j direction.  Multiply the j-component by – e to get Uy for stage two. Ux for stage 2 will be the same as Vx from stage one.
Ans: Sx = 3h/2.
