Motion of a Projectile 2 MS

Q1.
5(a) Quote trajectory equation from MF19 and use cos@=1/secé B1 | Must include step with sec’ @
o’ ) Allow derived from first principles
y=xtan@—=—(1+ tan" @) AG
2u
1
5(b) 16220 10><1200 (1+4) M1 | Substitute into result (a)
2u
u? =625, (u=25) Al
10x324 M1
Use equation again: 30=18tan&— (l +(tan @)’ )
2x625
2.592(tan 8)%)— 18tan 0+ 32.592 =0 Al | 3 term quadratic.
Alternatives include: 541> —3751+679=0,
32477 22501 + 4074 =0
Discriminant = 324 —4x2.592x32.592 =-13.91 M1 | Discriminant for alternatives:
—6039 and 217404
As this is less than 0, no real solutions for € Al | CWO
6
T(a) At greatest height 0 =100sin 8 — gt M1
=8 Al
Therefore times at height H are =3 (and 1 =13) B1
R M1
Substitute into H = lOOsinﬂrfég.r‘
H=195 Al
Alternative method to question 7(a)
M1
TH= lOOsinBr—%grz
Al
And H :1005in9(t+10)7%g(t+10)2
M1
Subtract: 1000sin & = % g(207+100)
t=3 B1
H=195 Al
7(a) Alternative method to question 7(a)
Bi
T H =100sin 9!—%;312
, J100singY —2H M1 Al
Difference between roots = I E—
58’
Equate to 10 and rearrange to find H M1
H =195 Al
5
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7(b) Time to required point = 15 s B1
Tv=101)sint9—10><15(:—70) B1 | Both components.
—v=100cosd=60
Magnitude = 92.2 B1
Angle below horizontal = tan ™' (70/60) = 49.4° Bl
4
Qs.
T(a) N . R M1
» = 0in trajectory equation:  Rtanf—-g————=0
2u* (cos8)
2u* sin@cos @ Al [ Any equivalent single term expression, for example:
(R :)7 only #’sin2¢  2u’ tand@
g ————. ———5 . at least one intermediate line of
g g sec
working, not just quoting a result.
SC BI using SUVAT.
2
7(b) u” sin@cos & M1 | Or use SUVAT.
X =their——————— and substitute in trajectory equation.
u? (sin 3)2 Al | Single term.
H=—
2g
2
() Use R:ﬂ and simplify: tan 8 = /3, 8 =60° BI | AG
NG
1
Q4.
5 Atd: Tusind-8g  —ucos@ M1 | Both.
iné— Al
tana = usind@—8g
ucost
AtB: Tusind-32g —ucosf M1 | Both.
ing - Al
tan A= usind—-32g
ucos @
using—8g » usin@-32g I B1 | Perpendicular directions, so tanarxtan §=—1.
ucos@ ucos®
u? —320u+25600=0 M1 | Simplify to a quadratic in .
u =160 Al
"
Q5.
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1(a) Velocity: = ucosa B1
Tusineg—gT B1 | Allow 10 for g. Must be 7.
2
1(b) ucosa _ sina M1 FT | Allow missing minus sign on RHS for M1.
using—gT'  cosa FT from (a)-
__u Al
- gsina
2
1(c u Bl | AG
© sinez <1 giving T'>—
1
Q6.
T(a) Coordinates of A: x=asin60, y=a—acos60 B1
5 . . . . .
(aﬁ) M1 | Substitute their (x, ) into correct trajectory equation.
£ 5
a_ali g L2
2 2 oyt L
4
Rearrange to find ¥2. M1
>3 3 Al
V-==ag, V=, |-a
2% 2%
4
7(b N M1 | Energy equation.
®) lmu'—lmlﬂ:mga(H—coséO) gy equ
2 2
Al | uis the speed at P.
u ==ag
) M1 | N2L
T—-mg=—u
a
11 Al
T'=—m
3 g
4
Q7.
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7(a) For O: x=ucos T B1
B1
For P: x=§c050¢(2’"+])
M1 | Equate and attempt to rearrange.
Collision, so E;—Scoso:(l"ﬂ):ucosﬁ?" au P &
353 2 Al | AG
5 E(TJr]):”‘x ﬁr Shown convincingly.
4uT =2145(T+1)
4
7(b) Vertical motion to collision: M1 A1 | M1 for both expressions, one correct.
For 0: y= usinﬁT—%gTz
For P: y= %sina(]"ﬂ)f%gﬂ"ﬂ):
M1 | Equate and attempt to solve
Equate: ux—=T—~gr? =3, 3 (ro1)-Loqr 1y au priosolv
52 25 2
1 fn o 21
14(T+1)-—g(T? +2T +1-T>)=2(T +1
(T+1)- e )=5(T+1)
16T +36=21T+21, 15=5T Al
T=3
4
7(c) x=42 BI
=24 mi
y=-24 (or 24 m below Q) Al | Correct sign or in words.
3
Q8.
3(a) Components of velocity : — 25cosé T 25sin0 - 2g Bl

Speed = y[(25c0s0)” +(25sin0 - 2g)’

M1 Al | Expression for speed or square of speed.

(25‘:059)3 +(25sin@ - zgf =15° M1 | Attempt to solve and find value for sing
625-100g sind + 4g2 =225
Al
sind = @ = E
1000 5
5
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3(b) i B1
Time of flight = [M] —4(s)
Range = 2x 25sind % 250088 M1 | Any equivalent method.
8
Range = 60 (m) Al | CWO

Alternative method for question 3(b)

yzgx_%xz B1 | Equation of trajectory..
Substitute y =0 and solve M1
60 (m) Al

3
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