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1. Invent yourself: Pinhole sunglasses (自主发明：针孔太阳镜)
Investigate the optimal arrangement of pinholes in an opaque film to produce sunglasses that reduce light intensity and help correct short-sightedness.  研究在不透明薄膜上针孔的最优排布方式，以制作一种既能降低入射光强，又能通过针孔效应辅助矫正近视、改善视力清晰度的太阳镜。
[image: https://i-blog.csdnimg.cn/direct/d01635edfd10497bb931e601f03d226a.png]
2. Disc spectrometer (光盘光谱仪)
Data tracks on optical media (e.g. CDs / Blu-ray discs) behave as high-quality reflection-diffraction gratings. When illuminated, these discs can disperse light into its spectral components. Construct a spectrometer using a digital optical disc. Optimise the design to maximise the resolving power and minimise optical aberrations.  光学存储介质(如 CD、蓝光光盘)上的数据轨道可作为高质量的反射式衍射光栅。当受到光照时，这些光盘能够将入射光色散为不同的光谱成分。利用数字光盘制作一台光谱仪，并对其结构设计进行优化，以提高光谱分辨本领并减小光学像差。
[image: https://i-blog.csdnimg.cn/direct/debd27d8c1184bbcbba0982b242fde00.png]
3. Snail ball (蜗牛球)
A hollow sphere contains a heavy ball and some viscous fluid. The rolling motion of such a sphere down an inclined plane is uneven and surprisingly slow. Explain and investigate this effect.  一个中空球体内部装有一个高密度小球和一定量的黏性流体。当该球体沿斜面向下滚动时，其运动呈现出明显的非匀速性，且滚动速度出乎意料地缓慢。解释并研究这一现象。
[image: https://i-blog.csdnimg.cn/direct/81f00ed420f94b6ca376243529bf9f6a.png]
4. Singing capacitor (发声电容器)
Certain types of ceramic capacitors emit an audible sound when an alternating voltage is applied across them. Investigate the characteristics of the sound produced and how they depend on relevant parameters, such as voltage, frequency, and capacitor properties.  某些类型的陶瓷电容器在其两端施加交流电压时会产生可听声。研究所产生声音的特性，并分析其对相关参数的依赖关系，例如外加电压、驱动频率以及电容器自身的结构与材料特性。
[image: https://i-blog.csdnimg.cn/direct/d7e38e89196943ae96f60d6a2ae91ab1.png]
5. Y-shaped pendulum (Y形摆)
Construct a Bowditch pendulum (a pendulum whose strings form a “Y” shape). Investigate how the Lissajous patterns generated by the bob depend on the relevant parameters.  搭建一个鲍迪奇摆(其悬线呈“Y”形结构的摆)。研究摆球运动所形成的李萨如图形如何随相关物理参数的变化而变化。
[image: https://i-blog.csdnimg.cn/direct/ea84ab242f5c4dabaea429be21dec2f4.png]
6. Seeing sound (声音的可视化)
A thin rubber membrane is stretched over a circular frame and driven into vibration by a loudspeaker. A small mirror is attached to the membrane, and a laser beam is reflected off it onto a distant screen. Under certain conditions, the laser spot traces out complex, steady, or evolving geometric patterns. Investigate the relationship between the driving parameters, the membrane’s properties, and the resulting light patterns.  将一层薄橡胶膜张紧并固定在圆形框架上，利用扬声器驱动其振动。在膜面上安装一块小型反射镜，使激光束经反射后投射到远处的屏幕上。在特定条件下，激光光斑会描绘出复杂的、稳定或随时间演化的几何图样。研究驱动参数、振膜的物理性质与所形成光学图样之间的关系。
[image: https://i-blog.csdnimg.cn/direct/e90c7134931544a2a625c48173bc3803.png]
7. Sinking funnel (下沉漏斗)
When a long-stemmed and sufficiently heavy funnel is released vertically into water with the stem pointing downward, it undergoes a series of damped vertical oscillations while gradually sinking. Investigate the motion and stability of the sinking funnel and the conditions under which the funnel tips over.  将一个具有长管颈且质量足够大的漏斗，以管颈竖直向下的姿态释放入水后，漏斗会在逐渐下沉的同时产生一系列受阻尼的竖直振荡。研究漏斗下沉过程中的运动特性与姿态稳定性，并确定其发生倾覆的条件。
[image: https://i-blog.csdnimg.cn/direct/36db8578b2d4448f998d16eaa25c28dc.png]
8. Upward-driven disc (向上驱动的圆盘)
A circular disc is suspended from the point where it is sandwiched between two wheels, making it free to oscillate as a pendulum. One of the wheels is driven by a motor and thus exerts an upward driving force on the disc. Investigate the motion of the disc.  一个圆盘由其夹持在两个滚轮之间的接触点悬挂，从而能够像摆一样自由振荡。其中一个滚轮由电动机驱动，并因此对圆盘施加向上的驱动力。研究该圆盘的运动特性。
[image: https://i-blog.csdnimg.cn/direct/a8788f68234548cdb197c9250e885678.png]
9. Photographic bokeh (摄影散景)
Bokeh is an effect observed in photographs that show objects at different distances from the camera and have both sharp and out-of-focus areas. If a slit is placed in front of the lens of the camera, the image may have unusual anisotropic distortions in out-of-focus areas, while in-focus areas remain undistorted and sharp. Investigate how the properties and sharpness of resulting images depend on relevant parameters.  散景是摄影中常见的一种成像现象，通常出现在画面中存在不同物距的物体、因而同时包含清晰区域与离焦区域的情况下。若在相机镜头前放置一条狭缝，离焦区域的图像可能出现异常的各向异性形变，而合焦区域仍保持清晰且基本不发生畸变。研究所得图像的形态特征与清晰度如何依赖于相关参数。
[image: https://i-blog.csdnimg.cn/direct/8cdaf3b53a034457892836dfc7f583b7.png]
10. Air vortex (空气涡旋)
Place a small rod-shaped magnet on the bottom of a vessel filled with liquid and set it into rotation using a magnetic stirrer. Above a certain rotation speed, a thin air channel forms, extending from the liquid surface down to the rotating magnet itself. Investigate and explain this phenomenon.  在盛有液体的容器底部放置一根小型棒状磁体，并利用磁力搅拌器使其旋转。当转速超过某一临界值时，液体中会形成一条细长的空气通道，自自由液面一直延伸至旋转磁体附近。研究并解释这一现象。
[image: https://i-blog.csdnimg.cn/direct/33c1c4ddec5c429cbfcb853c5fb69291.png]
11. Sound isolation (隔声)
The sound isolation of a room may become breached if the door is not shut properly, even if the gap is negligibly small. Investigate how the shape and size of a small opening affect the transmission of sound.  即使门缝极其微小，若房门未完全关闭，房间的隔声性能仍可能显著下降。研究小孔隙的形状与尺寸对声波透射特性的影响。
[image: https://i-blog.csdnimg.cn/direct/416f081aa4c041fa8e43df71f2623363.png]
12. Dotted line trick (点线效应)
Under certain conditions, when a piece of chalk is dragged across a blackboard, the resulting trace is not a continuous line but a periodic sequence of dots, even though the motion is uninterrupted. This can happen with other writing materials and surfaces. Investigate the physical parameters that govern this phenomenon.  在特定条件下，当粉笔在黑板表面连续划动时，留下的痕迹并非连续线条，而是一系列具有周期性的离散点状印迹。类似现象也可能出现在其他书写材料与表面组合中。研究支配该现象的相关物理参数。
[image: https://i-blog.csdnimg.cn/direct/c8c4f7d75bea4070bbc7b5871ecf8250.png]
13. Vortex pendulum (涡激摆)
A pendulum with a vertically oriented cylindrical bob is suspended above a channel of flowing water. When the bob is partially submerged, the flow may cause the pendulum to oscillate in a direction perpendicular to the flow. Explain this phenomenon and determine how it depends on relevant parameters.  一个摆的摆锤为竖直放置的圆柱体，并悬置于水流通道上方。当摆锤部分浸没于流动的水中时，水流可能诱发摆锤沿垂直于来流方向的横向振荡。解释这一现象，并研究其对相关物理参数的依赖关系。
[image: https://i-blog.csdnimg.cn/direct/29aadf0993a44aef9de96c36b6ac3b8b.png]
14. Non-Newtonian worms (非牛顿流体“蠕虫”)
If a dilatant non-Newtonian fluid (e.g. a suspension of water and cornflour) is vibrated vertically in a reservoir. When certain conditions are met, wormlike structures that rise from the surface may form. Explain and investigate this phenomenon.  将剪切增稠型非牛顿流体(例如水与玉米淀粉形成的悬浮液)置于容器中并施加竖直振动。当满足一定条件时，流体表面可能形成向上突起的蠕虫状结构。解释并研究这一现象。
[image: https://i-blog.csdnimg.cn/direct/5de464332f4141f58e7dc24475eba9b3.png]
15. Cold drink (饮料冷却)
A can or bottle of drink at room temperature can be cooled in a cooler containing ice. Adding salt and alcohol to the ice can increase the rate of cooling and affect the drink’s final temperature. Investigate how the relevant parameters affect the lowest achievable temperature and the maximum cooling rate.  将处于室温的罐装或瓶装饮料置于装有冰的保冷容器中，可使其降温。向冰中加入盐和酒精能够提高饮料的冷却速率，并影响其最终温度。研究相关参数对最低可达温度和最大冷却速率的影响。
[image: https://i-blog.csdnimg.cn/direct/9b7af6c2d99c4a298ad83a6745926ef5.png]
16. Magnetic carousel (磁力转盘)
Several neodymium magnets are attached to a horizontal disc, with adjacent magnets oriented in opposite directions. A fixed non-magnetic plate is placed horizontally above the disc. When the disc rotates about its vertical axis and a steel ball is placed on the plate, the ball may move either in the same direction as, or opposite to, the rotation of the disc. Investigate this phenomenon and determine how the motion depends on relevant parameters.  在一个水平圆盘上安装若干钕磁体，并使相邻磁体的磁化方向彼此相反。在圆盘上方水平放置一块固定的非磁性薄板。当圆盘绕其竖直轴旋转，并在薄板上放置一颗钢球时，钢球可能沿圆盘旋转方向运动，也可能沿相反方向运动。研究这一现象，并确定钢球的运动如何依赖于相关物理参数。
[image: https://i-blog.csdnimg.cn/direct/01855856dc644b708df3d3fb680cc87a.png]
17. Falling book cover (下落的书封)
A book is placed horizontally, and the partially open cover is allowed to fall. Investigate the motion of the falling book cover.  将一本书水平放置，使其部分张开的封面自由下落。研究书籍封面在下落过程中的运动特性。
[image: https://i-blog.csdnimg.cn/direct/bfbf16379938489680b7fca13267fef7.png]
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Sinking Oscillations and Tipping of a Funnel

A long-stemmed, heavy funnel released vertically in water undergoes damped vertical oscillations while sinking.
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Driven Pendulum: A Disc Suspended Between Two Wheels
A circular disc is clamped between two wheels and can oscillate like a pendulum.
One wheel is driven by a motor and exerts an upward driving force on the disc.
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Anisotropic Bokeh with a Slit in Front of the Lens
Investigating how image properties depend on siit parameters and focus conditions
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Vortex-Induced Air Core Above a Rotating Magnet
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1. Motivation
Euana gy s gap.

Sound Leakage Through Small Door Openings

Investigating how the shape and size of a small opening affect the transmission of sound
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Periodic Dots in Chalk-on-Blackboard Motion

A stick-slip instability causes a continuous motion to leave a periodic sequence of dots.
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Flow-Induced Oscillation of a Pendulum with a Vertical Cylindrical Bob
A vertically oriented cylindrical bob is partially submerged in a flowing water channel.
The flow generates an afternating lift force that excites oscillations perpendicular to the flow.
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Wormlike Structures in Vibrated Dilatant Non-Newtonian Fluids

Under vertical vibration, a dense suspension of comstarch in water can form
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Cooling a Drink with Ice, Salt and Alcohol

How the parameters affect the lowest achievable temperature and the maximum cooling rate.
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1. Experimental setup

- The book les on a horizontal abl.

+ Tho cove s opaned toan il angle
ek, then reeased from rost.

- Moton s racordct rom the ide.

5. Angular speed just before impact
A40.= 0 ust bfore mpacty

-
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10. Typical angular position vs. ime (dy

Motion of a Falling Book Cover

Abook is placed horizontally, and the partially open cover is released. The cover falls under gravity and eventually collides with the table.

2. Typical motion (side view)

soms

00 ms

- The cove it rotates downwerd
+ Just before impact, i has both angular and ranstational moton.
- After impact, it may rebound and oscilat.

6. Impact and rebound model 7. Angular speed after impact

Lot b the cosficient ofresttution 0 < ¢ < 1).

Angular speed after impact:
Cosicion ot msttson e el

10 oastic) 100

I impuise s st comer. o8 080

- Tho come hits e tabe. i ]
+ An impulsive reacton prodces an anguar 04 040
impuise about he hinge. e a0

- Energy is lost curing mpact and ebound.

11, Effect of nitial angle 0y (L
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Typicalvalues: Book cover length L = 0.30 — 0.35 m, mass m = 0.15 ~ 0.30 kg, thickness

t=150ms 00 ms

3. Physical model

+ Untom cowe ot g L s m.
g o s
* Mamentt ot s e
1o bt

+ Conter of mass at L/2 fom the hinge.

8. Time to fall

| Time o an om o 00

Bl e
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.
:
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:
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12. Key dimensioniess parameters
R,
* A= L/h lngt 1o ickoess o
R —
- Domant stecs:
Grautationsi torave  rotaton
mpact mpuse — rbouns

Energy loss — damping

4. Equations of motion (before impact)

Trpnsasin +=-mpknt
Comtmtot

15+ mpkans
e

118+ mo%(1 — cos 21— cos.
115 mo (1 con ) = mo 51 - conti)

Angulr e
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Time o alfrom B o 0
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9. Effect of cover length L (do=90")

e
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Coveranan
13, Summary

+ The cover benaves as a physical pendukim.
- Time o fall increases with longth and Intial angl.
+ Anguiar spsed beora impact increases with 0
and decreases with L.
+ Aftr impact, the cover rebounds and
osciates wih reduced angular speed.
+ The motion depends on L, f, mass distibuton,
restiuton, and damping

—3 mm, restitution ¢ = 0.2 - 0.8 (depends on cover material and table).
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Optimal Pinhole Arrangement for Sunglasses to Reduce Light Intensity and
Help Correct Short-Sightedness

Background & Principle

Pinhoe glasses use the pinhoe efect o educe the
sz of the blured crcle o theretina and increase
the depih offeld. Mullle pinholes alo reduce
the overal gt ntensity,providing a sunglasses
eftect

Principle:

Each pinhole alows ight within a certan angle
1o pass through, forming a cloar image on the retna.
More inholes - lower ight intensity;

‘Smaller pinhoies -> smaller blur circle. !

Pinhole Eye

v
Re

etina

Experimental Setup

Setup:

+ Green laser (A = 532 nm)

+ Pinhole fims with different
arrangements

Pinhole film

+ Screen atdistance L to
measure intensity
ditrioution

+ Photodiode to moasure
totaltransmitted intensity

Optical Analysis

Light intensity reduction: Blur circle diameter (approx.:

i A iz
Loyt a~244%2
I Aocat it D

Iy incident ight intensity

I transmitted light intensity
N: number of pinholes.

Ay: area of one pinhole
A total area of e fim

A wavelength
z distance from pinhole to retina
D: pinhole diameter

Conclusion
« Al pinhole arrangemers effectively reduce light intensit.
+ Hexagonal arrangement provides the most uniform light distrbution.
Ghoosing smaller pinhole diameter improves vision correction but reduces brightness

Pinhole Shapes.

‘Square array

Hexagonal array

Random array

Fermat spiral array

Intensity Distribution (Examples)
Square.

Hexagonal Random

I ﬂ.l u.
o2 o 2
2 m o @ m 0 m

x(mm)

Fermat spiral

yimm)

x(mm) (mm)

Total Transmitted Intensity (Measured)
10

00

‘Square Hexagonal Random

Relative ntensity (1

Fermat spiral

Optimal design for pinhole sunglasses:
Hexagonal arrangement with moderate pinhole diameter.
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Building a Digital Optical Disc Spectrometer

Using the high-quality reflection diffraction grating on CDs/DVDs/Blu-ray discs

3. Spectrum Obtained (Example)

1. Principle 2. Experimental Setup (Reflection Geometry)

The closely spaced data tracks on an opticaldisc act a3 3
high-quality reflecton diffaction arating.

When illuminatad by light, different wavelangths are
difiracted at cifferent angles, producing a speetrum. n

Optical Disc Sereen/
(Grating) Camera

Whe ighe )
> a vari
— 4 4. Optical Disc Data Tracks (SEM Image)
‘) P ) ¥ Tymcal oramtars
Optical Disc: ~ Track pitch, d |
60um () |

Key components
+ Collimating sit (width adjustable)

+ Optical disc as reflction diffraction grating

+ Rotational mount for dis (to adjustincident angle 0,)
+ Screen or camera to rocord spoctrum

+ Transiation stage to measure diffaction angles

m - diffracton order
1+ wavelength

grating spacing (track pitch)
0, incident angle

difiraction angle

Geaingtype
Reflection {

7. Real Setup Photograph

5. Optimisation for High Resolution and Low Aberration 6. Performance (Example using DVD)

Maximise Resolving Power (R = nX) Minimise Aberrations rom— Value (Example)
i et i pTp————r—" | [ [ er— 032jm
B2y > DVD > CD) T ———— DA ol '
= Work i ighr dilfraction order (= £1, 22) + Use & wel<olimaed bearn Inckdent gle 0, G
© Use wides ke aee ofthe disc + Keep dtetion sereenicamers Wavelengsh range 400-700 0m
incrcse N = nmber of il i) perpendiulr (0 difficied beam PR S T
TR —— + Use sl sl o o disance =
Lincar dispersion (st 50 cm) 22 wimen
10 reduce specta e curvature i
Resolving power R = m¥ 60%10°
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Why a Hollow Sphere with a Heavy Ball and Viscous Fluid Rolls Slowly and Unevenly

1. System 3. Observations 4. Measured Motion

Ahollow transparent sphere contains a
heavy steel ball and silicone oil(viscous flid).
The sphere rolis down an inciined plane.
Observation: motion s siow and uneven.

12|+ Holow sphere (exp) %
- - Soid sphere (theory)

€
§
s 0505 t=100s
« The intemal blllags befind due to ineta: the fid flows and disipates energy.
« This breaks the symmetry of motion. causing speed fuciuatons. P
+ The average speed is much lower then  soiid sphere. Time t(s)

2. Experimental Setup

Main energy dissipation mechanisms

. Hollow sphere
e 2t neria + Viscous shear in the fuid
Incline angle 6 + Relative motion between bal and flid
G v
5~ 30°) + ntemal crculation and urbulence
N - + Energy lostas heat
Photogat '

(specing s (1Bl ogs beting @ P fows ) Bol catcres up = ~
| Large intemai dissipation =
fu i1 |

low average speed and fluctuations
Repeated cycle leads to energy loss and uneven moton. ==

. Influsnce of Parameters 7. Concusion
= (o Sttt Viconty (0= 10) [ rer— @ Eroctot o g KL — wco

¢ o - e e bl an viscous
s loge inllcnergy dissvation

w . o + et )

Sphereradus R 25mm £ onf- Fox| - fom - rearean ||+ Continous v moion and i fow
Balmassm, 2420 H 3 H LE = cause the sphers 1 rol much sower than a
g e Pl i . i ) S

. ¢ 5 o . L+« o moton s uneven e o e peric
= Iy e . P I B 1t f el k.
Fil fraction ~50% & o 2 oss CoS ol et « Increasing vscosty, B raction, o decreasing
Incline angle & 10" A e i incine angle all reduce the roling speed.
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1. INTRODUCTION
Certain types of ceramic capaciors emitan
‘audblo sound when an atomating voltage
s appied across them. This phenomooon

2. EXPERIMENTAL SETUP

Funcion generator

Sound Emission from Ceramic Capacitors under AC Voltage

3. TYPICAL SOUND.

‘Sound level meter The sound s usually a

ure one whose pich
depans on th fequancy
i related 1 the werse pezociectic efect - o i appled votage.
nd mechanical vieatonsof e caramic o oy
i : Spoctrum (FF7) E Time wavetorn
300 3
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~ Sourd maesre usng & scu el matr s recordd b 8 gt e
* Masturomants paiamad I an snach o et aneonment ek ettt akhcns
- oviess caases it votage
7. MECHANISM
%0 %0, (a) Different capacitance (f = 1 kHz, V= 5 Vpp)
| i | g®
i o s ™ fw
R K §n + o
i o Iw B 3 I= The AC lctc S causes e
+ 0 ‘ceramic material o expand and
3”' * ol 4 i 1A 100 100nF  1uF 04F contract v the verse plezosiecc
[efen 8%+ e ot s
- o «© (b) Different =1kHz V=S’ ‘Virations in the capactor body
+ m” Hoeng () and ts loads, which generate
1 » Ff audble sound
. y - Ld
s w W w S i | Moctwrica
Voltage (Vpp) Frequency (Hz) -
»
o = in
o TR Ll TS vt s i sy, s a oo xm vz
‘with the logarithm of the appiled voltage. el e

Vil occurs setweon & fow iz of iz
sepondi on e capactor

— ———— e

Voltage (Vpp) Louder Increases (= linear in log scale)
T Pt o
S Eermmer T
S e e L

e

Rasu.

+Capactors wenarercapaciarce enerly roshce ouder soun
D e srcng alects sound v (pazoomch resporse
‘mechanicel ualty faciorh

USION

+ Coramic capacitrs can emit audible sound due 1o nverse piezoslectic effect and mechanical resonance.
+ Sound characteristcs depend on voltage, frequency, capactance, and dilectic type.
+ The effect can be used for acousti emission analysis or a5 an indcator of capacitortype and condition.
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The Bowditch Pendulum: Construction and Lissajous Patterns

introduction

The Bowdich penduum consss of  bob suspended

rom o point by o srings of aqallngih hat
fom a Y shape. When displaced and rleased, e
bob xecutes osctasons n two perpendcuar
Gractons, qensratng Useajous patoms

Top vw (schamatc)

2 Experimental Setup.

P ——————

wrgezn.
[ —

A Y-shaped pendulum that produces Lissajous figures

3. Principle 6. Effectof Froquency Ratio (5, =5, =0)

For amel cschatons, he moion i x and y are apprsimatsly

dnpendent s haonc s i | Dot
X0 = Ay contont + ) v Crcka €A, = A)
0 = Ay coslant +8)

The rofcton of th bobon he scroen races a Lissajous figure. 1z o e

The fsquency rao s, /s determines th pater

4. TypicalLissajous Patterns. = e i it

1 2 23 25
... . Eimsy
. 21 3e 35

3 Fourloops (:4)

8.Influence of Angle 2 (strngs configuration)

g

. - o ‘/’,‘i'm.u

5.Effect of Phase Difference (example: , -, = 1:1)
Thus o fqunncy et
850 ssewh  Mbexz M5=3A

L ——

e

9. Summary of Observations 10. Conclusion

T Bowshcnparcuenpodoces 1ty o s paers:

Npectrto Cranges vt ol toure -+ The amplute o A, /4,

7. Effoctof Amplitude Rato (u, -y = 1:1)

1. Typical Exparimenta Photo (issajous igure)
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Laser Patterns from a Vibrating Membrane
A laser reflected from a speaker-driven rubber membrane forms complex patterns on a distant screen.

1. Principle 2. Experimental Setup 3. Typical Laser Patterns (examples)

Theloudspsakor arives the cruiar rubber
memerane ino vration A smal miror

(o1 2002 () sk (20 aoH 2 s

b e o
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Uninmer + Smallfront-surface mirror (= § mm square) gued at the center
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" e e 25 v pcters o by ccs s s o B B s
4. Effect of Driving Frequency (example) 5. Effect of Driving Amplitude (at 610 Hz, mode = (2,2)) 6. Effect of Membrane Tension (at mode = (2,1))

(embrane tenson o)

+ Hgha ampiuc — g pate sz anc g s - Icressing oo ncrease esonat rency — ptirn A o e euencis.
[e—— - Atvery g smpice, v afcts appes nd th patrn

- Lie soacingbecomes frer o teionncresses.
S
7. Effectof Membrane Properties. 8. Patter Formation 9. Typical Time Evolution (noninear rogime) 10. Summary
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