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2024 PhysicsBowl Answers and Solutions

v =T Ax = vAt + vAt = (8.0 T)(125) + (- 6.0 T)(16 5)=

96m + 96 m=192 m. Speed is a scalar quantity so, Vg, = % = 122:1 =69 %

Velocity is a vector quantity. The displacement is 96 m + -96 m=0, s0 V4,4 = 0.
T =71Fsin® = (0.8 m)(15N) =12 Nm

Total mechanical energy for this situation is KE + PEg and since energy is
conserved, it stays constant.

p = mv; Apbefore = Apafter; (60 kg) (2-0 %) = (40 kg)v,

) o) Gaans) () =772 1078
1609 m

mile

(3963 miles) ( ) = 638x 106 m: A = 4mr?2 = 5.1 x 104 m?

vZ = v + 2alx;a = —1.0%;Ff = uFy; ma = umg; u = 0.10

Statement III is not correct because there is no force directed vertically upward.
Statements I is correct if the normal force is considered & Statement II is correct
if it is not considered.

vs = vi + 2alx; Ax = 20.0m

v=Afi L= f B= it o = 438

V2

Ax = vyt + %atz; t for dive from 16.0 m is 1.79 s. After 1.59 s (leaving the

fish 0.2 s to take evasive action) the pelican has dived 12.63 m. Therefore,
16.0 m — 12.63 m = 3.37 m above the surface of the water.

Momentum is conserved in this collision, so
myv, + myv, = mlvlf + mzvzf; 0.5 = 0.5(171]-‘ + szf); 1= vlf + ZVZI‘
And since kinetic energy is conserved in elastic collisions

lmlvlz + lmzvzz = 1‘rn]_',]]_fz + 17’",2".72f2; 1= Vq 2 + 2”2 2
2 2 2 2 ! /

Solving this system of two equations (in bold) gives -3.3 ? and +6.7 %
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See: http://oisc.net/Speed_of Light.htm

The period of a simple pendulum is given by T = 21 \g; Decreasing the moment

of inertia (statement 1) and the torque (statement 2) both lead to a decrease in the

period of the pendulum.
See: https://bigthink.com/hard-science/dark-matter-evidence

Fyormar = 500 N — Tsin30°

Fyorizontar = 0.500(500 N — Tsin30°) = Tcos30°; T = 224 N

Open both ends: f; = %; L=0.394m

%
Closed oneend: f; = - 216 Hz; Fifth harmonic = 5f; = 1080 Hz

See: https://en.wikipedia.org/wiki/Orbital speed

sinf = M; hypotenuse = sin6°(120 m) = 1148 m

hypotenuse
m
W =mgh = (80 kg) (10 %) (120 m) =96,000 J

1148mm = 234.3 revolutions; 360907 _ 409.7 L

49— 234.3 rev rev
rev

Ax =nd = 1.07m;W = FAx ; F = 383 N

Mgh =~ Mv? + - lw?

For disk:
M h—lM 2+1<1MR2) 2
g —% v % 5 w
Mgh = EMUZ + ZM(R(UZ)
Mgh = %Mv2 + iMUZ (rolling without slipping implies v = Rw)
3
Mgh =ZMUZ
4
§gh =2

For solid sphere:

Mh’—1M2+1(2MR2) 2
gh =51V 7515 @

1 1
Mgh’ = EMUZ +§M(Ra))2
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Mgh' = %Mv2 + %Mv2 (rolling without slipping implies v = Rw)

Mah' = M2
g =10M"

Mgh' = 7M(4 h)
gt =107 \39
14

h =Egh

In an isothermal process, the temperature of the gas remains constant. Since
internal energy, U, of an ideal gas depends only on its temperature, and the
temperature is constant throughout the process, the change in internal energy AU
is zero. However, heat, Q, can still be transferred to or from the gas during the
process. This transfer of heat is necessary to maintain the constant temperature.
Therefore, Q is not zero.

my: (myg) — T =mya;50 — T = 5a
my: T — (myg) =mya; T —70=7a
a=1.67 5; T=58.4 N

m
k

F = —kAx; k = 400 %;T=2n\f=0.444s;f=§=2.25Hz

F — GmMa‘r'::‘;anTSOTL — 244 N

1
PE, at top = KE on mat; mgh = Emvz
In an inelastic collision, momentum is conserved but kinetic energy is not.

Sonar relies on reflection to detect an object and uses the Doppler Effect to
determine both the speed and direction of the object.

_ KAAT _ (0.1)(10)(10) _
T oa 0.02 -

500 w

Q
q = (90)G)°

Speeding up: v2 = v + 2alx; v, = 116.9 %

m
After 350 m of slowing: v = vi + 2alx; v, = 96.9 "

See: https://en.wikipedia.org/wiki/Relativistic_mechanics

V is the same across all branches of a parallel circuit and V=IR, so [ =2 A.
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200 x 107® m3 need to be displaced by wood. p,,gter = 1000 %.
This means that 200 g of water needs to be displaced.

Mass of the wood must equal the mass of water displaced.

. . Tsind v2  Tsin@ TLsin@
r = Lsin@; F,,; = ma = Tsinf;a = e == ;U= / -

Choose appropriate speeds and accelerations and solve.
v1=2?; v2=1?; a1=1522; a2=2522; ve =v;+al
Vif =V 2+ 1T =14+ 2T;T =15

1 1
Ax, = v T+ EalTZ =2.5m; Ax, = v,T + Easz =2m

Ax, 2m
— =——2=4:5
Ax; 25m

When the average speed of the gas molecules increases, the kinetic energy of the
molecules also increases. This corresponds to an increase in the temperature of
the gas. According to the ideal gas law (PV = nRT), when the temperature of a
gas increases while the volume remains constant (as in the case of a rigid
cylinder), the pressure of the gas also increases. Therefore, both the temperature
and the pressure of the gas increase when the average speed of the gas molecules
increases.

We know that the electric potential due to a point charge is directly

proportional to the magnitude of the charge and inversely proportional to the

distance from the charge as shown by: V' = kTQ; We also know that the electric

potential due to a charged spherical shell is constant at all points outside the shell,
and it's zero inside the shell. So, the order is Vw < Vx =Vy =Vz

For the smaller box: Tinrope=ma; For the larger box: F-Tin rope=2ma;

Solve equations simultaneously to get F=3ma, so Tin rope= g

When the original circuit reaches steady state, the voltage drop across the resistor
and capacitor are both equivalent to the emf of the source. When the switch is

opened, we have an RC discharging circuit. Taking a Kirchhoff loop around this
circuit (where the only devices are the capacitor and the resistor), the voltage
gained across one device must always be equivalent to the voltage lost across the
other device.

According to Wien's displacement law, the wavelength of electromagnetic
radiation emitted by a black body is inversely proportional to the temperature of
the black body. So as temperature increases, the wavelength decreases.
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Conservation of Energy: KE; + PE; = KE; + Wir gesistance

3500 m
WAir Resistance — FAX; Ax = sin 10°
1 1, /3500m
Emv1 +mgh = Emv2 + F(sin 100)

t =27.3days =2.36x10%s;7 =3.84x10°km = 3.84x 108 m
2nr m 1%

v=—=1022 —; a, = —
t s r

As the object is moved from point P to point Q, the size of the image

produced by the concave mirror will initially increase. This is because the object
moves closer to the focal point of the mirror, resulting in the image moving
further away from the mirror and becoming larger. However, as the object moves
past the focal point and closer to the mirror, the image size will then decrease. At
this point, the image will become larger than the object, virtual, and erect.

rev rev rad

f = 401E: 6683;, w = 27Tf = 427

1 2 1 2
I'=5ml% KEo = (2) (EIw )

v=F_0018V

T

4 4 1
If R is radius of new drop, then §7TR3 = ngnr3; R=n3r= 126x10"3m

kQ
V=—=00143V

LiL ) - _ .
= —”02;; ; Uo 1S permeability of free space,l is current in each
wire, L is length of wire and d is distance between wires.F = mg,

Hol1 1oL
so:mg =

2ud

After one time constant of decay, there are 3678 particles of gas in the sample

Using: N = Noe_t/f =(10000)e~1 = 3678. Then, adding 10000 more gas

particles gives a total of 13678 particles, meaning:
t/, _ 10000 10000

10000=13678¢ /7 = 10000 ,=t/r.; _ —Tln(
13678 13678

) = (0313)r



