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QUESTION ONE: ACCELERATION
o
A rugby player accelerates uniformly from rest at 0.680 m s ? and runs 22.0 m.°\

Source: https://www.odt.co.nz/sport/rugby/black-ferns-sevens-win-cape-town

i
(a) How long did it take to run the 22.0 m?

WPANVP . Vgt = Vit t2ad

VpsVivat _u.,..\/c il
Slea-oroesc Vo= 54684

& GBR b~ %..OL.\ seconds

(b) While stopping, a player runs into a tackle bag at speed v. The tackle bag compresses a distance x
like a spring as the player comes to a stop.

Source: https://www.canterburysports.co.nz/product/silver-fern-tackle-bag-junior/

i Assuming all the player’s energy is transferred to the bag, state and justify what would happen to
the distance the bag was compressed if the player was moving at twice the speed.

S\WCHCP/MV "’,@fhwfbfeoc@"%
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(¢) To take a penalty shot, the ball is placed on the ground and kicked towards the goal posts. To
make the penalty shot, the ball must go over the crossbar, which is 3.00 m above the ground and

45.0 m from where the ball is kicked.

-
-
~
.
’
’
Z

4
3.00 m
v

Diagram is
NOT to scale

« 45.0m

A player taking a penalty shot kicks the ball at 25.0 m s ' at 34.0° to the ground.

Diagram is
NOT 10 scale

250ms’!
i 34.0°

By performing appropriate calculations, decide whether the ball makes it over the crossbar

before hitting the ground.
259n34 = At Vy
1528p Cos3U= 0.7 V=
V(’L - \it ¥ 204
2%°= 0%+ Zx9.8) v d
o = 3. 8% » mox he{cjl/d
Dlex*: 203
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(d)

4

The player from part (¢) replaces the ball with one from a different manufacturer. The new ball is

heavier.
———

The player kicks the new ball towards the posts so that it leaves the ground at the same speed and
angle as before.

—_—

Ignoring any effects from air friction and without using calculations compare the path of the new
ball to that of the original ball. ;

Your answer should consider:

. the time in the air
. the acceleration of the balls in the air
. the initial vertical and horizontal speeds

«  the horizontal distances travelled.
The fuwo lalls will havwe the same rme in
o s d@‘DI\Q one bejag heavier than te other
T igronng A esistance . The balls  will b nawr
U some % nhal ega@d  erical and Wowozonkal
Speeds , as ot lalls MR e oue Wicked wikh
Ue sSame s?ezc\ and a{q\e.'ﬂf\e heavier ool will
hove \ess  accelleration éﬁ" e \;%{u ball dwin
Ieir @& upwords wohon oul fhe Weavier ball B i)
have wove occeleahon C\wir\cj e dopnwds Mohion
eq,um’rinq o e ume hme in aur. 'ﬂ/\L heavier loall
will & tawvel a shoerter Worizonta\ distance @ than
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Physics 91171, 2025 00733




QUESTION TWO: MOMENTUM

A 80.0 kg player moves at 4.30 ms'.

(a) Calculate the player’s momentum and give the correct unit.

P=MV  g0xhB = PHQ

Momentum: 244 Unit: K% MmsS )

(b) Explain why using momentum to study collisions is more useful than using kinetic energy.
Kinehc Energy Mmeasures Now mMuch WorR in done
n ™Mohon., Momentum & how e combinded
ok of mass and velacity  determinds the
&nd/ MOVQMQ/\).’ ow\d Porce Po\\ooo;f\cg a
collision. Momentum (g more accurate thgn
Kineh'c enegy Mgry 1n describing  nuotion
Qo\\ow;/\q o colliglon
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(¢) The mass of the All Black scrum is 883 kg. The mass of the Argentinian scrum is 850 kg.

As the scrum is set, the All Blacks move forward at 0.354 m s, and the Argentinians move

forward at 0.378 m s°!. The two scrums collide and stick together.

Argentina: 850 kg, 0378 ms'  All Blacks: 883 kg, 0.354 m 5!
Source: htlps://www.ﬂomgby.oomlanicleslmt’:Z-mund-S-in—the-mgby-championship-looms

<

sticktogethcr
QM,)(VQD* Cragidlo) (]
P (3&3)( el C85O><O 378')
, ?s\’L \'98‘2 A
- Zaa 3\2531_~/
W
 8T0-883 = -23

-22x ~0.074= 0797 ~O. 57 +0,35

Calculate the speed and direction of the combined scrums immediately after they collide and

~ ~0G.0724
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(d) The ball comes out of the scrum and a player sprints towards the line. The player is tackled and
brought to a stop by colliding with thick pads (cushions) that are on the bottom of the goalpost.

Source: https://www.perennial.co.nz/products/rugby-post-pads
Explain how having these pads on the post help protect a player when they collide with the post.
Hoving pads on e post pretect o player during
collisions oy increosing {u Hme of collision .
Since Op=FOL, F="¢E-  as time increases,

The amaunt of fore within the collsion decrecges,

Less force in bhe colision results in less
?ome octed onteo a p\agef/ This means e
EW Yperenc@s \es fore |, therforr re less
ely o e Wt dunng He coliision . . e
Player = protected.
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QUESTION THREE: ENERGY

When warming up, players run up the stairs.

Source: hitps://www.abe net.awnews/2016-10-07op-
three-exercises-youre-probably-doing-wrong/7909150 ;

(a) Calculate the work done by a 68.3 kg player who runs up the stairs once.

W= Fd

W= (@sssmsz)xzs

) el
W=2376e4 - 23400, 03 230

(b) Another warm up activity is short sprints.

During one sprint, the 68.3 kg player accelerates from rest to
7.52ms'in4.35s.

Calculate the a\}erage power produced by the player during this sprint.
P - .Eé's_ L e e
P . = £ - P8R

e YOOy 3 se
P- L4 A5
Pz a0 555
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(¢) While waiting to play, two players sit on a uniform bench.

The bench is 621 N and 3.21 m long. A 669 N player sits 0.110 m to the left of support A, and a
769 N player sits 0.240 m to the right of support A.

If you need to
redraw your
response, use the
diagram on page 11.

Source: https://www.gettyimages.co.nz/detail/news-photo/england-womens-rugby-players-
celia-quansah-and-megan-jones-news-photo/1248571622

(i) Add labelled arrows to the above diagram, to show all the forces acting on the bench.

(ii) By calculating torques about support A, calculate the value of the forces acting on the
bench at A and B. ¥

202 x 1245 = F35,205
0 > 66a%0M0 = 7359
&= 76Q ¥ 0.240= 1%4.56

forces up = Forces dow

Q\OBC\: SA'\’ SE’ 20%9-245 = SA
Sh - Bh4u
TOY QAR c\eckwise fofOLuQ ank SA=\34ON

7 7359 15056+ 56 = CW/F35.145 | 36= 215N
258.15 + s¢9 - R25.2U5

= 57’7’,0‘\5
571.095+* 2.= 2145

Question Three continues
on the following page.
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(d) Just before the players enter the game, they use one more warm-up activity, where two players
hold hands and move around in a circle at constant speed.

If you need to
redraw your
response, use the
diagram on page 11.

Figure A Figure B

(i) Add an arrow to the Figure B above to show the direction of acceleration on one of the
players.

(ii) Explain how it is possible for the players to be moving at a constant speed yet accelerating.
Acceleaion s fesulting on the vedor vy quanity
AV :
Veloaty as =T, Veloaity is & WQor quonity
as T requines ot magnituke and Aireckion
. A M \ \,‘ \
M= KE . 3X direckion dfcwg,eé
{lhen \/&\od\«j will change, Since .
accelerabion 1S a vake abr which ve,locc‘k)z\ changes

and eloc'ty s constantly ehanging as
hrave\\  {n o circ\e Cdicechion \s df\ar\qﬁng) z n‘ly
Cwe COnS)faV\ﬂj accz\erq\’.‘nq despite He
speed ARV dw/rg.‘ng,
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Subject: L2 Physics
Standard: 91171

Total score: 13

Achievement

Q JEls Marker commentary
score
Candidate made a very basic error in reverting to incorrect value of
One M5 speed in the projectile calculation and had showed limited
understanding of acceleration in the descriptive question.
In (c) the candidate crossed out a partially correct answer, but
Two Ad . -
otherwise showed understanding of momentum concepts.
In (a), the candidate made the very common error of failing to use
the distance in the direction parallel to the force. The lengthy
Three Ad : . . . -
calculation typical of a torque question proved challenging, while in
(d), correct ideas were insufficiently specific to the question.




