Question 1: Version J

1. Water exits the nozzle of a fountain at an angle 6,) above the horizontal.

At time 7 = 0, a droplet of water exits the nozzle and follows the path shown in Figure 1. The
droplet reaches a maximum height #; above the nozzle.
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Note: Figure not drawn to scale.

At t=t;, the droplet returns to the same height at which the droplet exited the nozzle.

Part A

i. On the axes shown in Figure 2, sketch graphs of the horizontal and vertical components
of the velocity of the water droplet as functions of t from =0 to 7= ¢,.

Figure 2
Horizontal Vertical
Velocity Velocity
Component Component
A A
@) —1 O —
Ly Ly

ii. Derive an expression for the speed of the water exiting the nozzle. Express your
final answer in terms of 6,), 4, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference
information.

iii. The nozzle has a circular cross-section with radius 7,. Derive an expression for the
volume flow rate of the water exiting the nozzle. Express your final answer in terms
of 8, iy, ry, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

PartB

The fountain nozzle is replaced with a new nozzle with a radius smaller than #,. The water exits
the new nozzle at the same angle 6, above the horizontal. The volume flow rate of the water
exiting the new nozzle is equal to the volume flow rate of the water exiting the original nozzle.
A water droplet exiting the new nozzle reaches a maximum height %, above the nozzle.

Indicate whether #, is greater than, less than, or equal to 4; by writing one of the following.

. >y
. hy<hy
. hzzhl

Justify your answer. In your justification, include qualitative reasoning beyond mathematical
derivations or expressions.



