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纸桥塌的那三十秒，比成功有用

物理实践课布置了一个任务：只用两张A4纸和一段胶带，搭一座桥，跨在两摞书之间，桥面

要承受砝码。老师把一盒十二个砝码放在讲台上说，能托住越多，说明设计越好。我和同桌自认

为动手能力强，第一版做得飞快：纸平铺在书摞上，两端各折了一道边，胶带一粘，前后不到五

分钟。

第一个砝码放上去，桥面中间微微下沉。第二个放上去，塌了。从放稳到整垮，前后大约三

十秒，纸片滑下来时还带着最后一个砝码，砸在桌面上响得刺耳。周围有小组笑我们，我脸上一

热，同桌已经把塌下来的纸捡了起来。他说别愣着，看看它是怎么塌的。

那三十秒后来成了整节课最有用的部分。我们把塌掉的桥摊在桌上倒推：塌点正好处在两个

书摞中间，说明载荷太集中；纸面是平的，受弯时上下表面都没有支撑，一弯就软；两端折的边

太浅，压在书上的接触面一滑，整张纸就往下溜。三个原因摆出来，谁也不再觉得刚才那一塌是

运气不好。

第二版我们改了三点：把纸沿长边折出较深的V形槽，让桥面变成一排小三角；两摞书的距离

挪近五厘米，减少跨中悬空；砝码不再叠放，而是分散摆在桥面不同位置。这一版托住了五个砝

码。第六个放上去时它又塌了，但塌得慢，我们甚至看清了是V形槽的尖角先被压扁。于是第三版

把V改成插接：两张纸互相插出方格桁架，胶带只固定节点，不糊桥面。这一版把整盒十二个砝码

全部托住时，全班安静了一秒，然后鼓掌。

复盘时我算了一笔账：第一版撑一个砝码，第三版撑十二个，中间隔着两次失败。如果第一

版侥幸撑住了三四个，我们多半不会去拆原因，直接交差，也就不会有后面的桁架。这么一想，

第一版塌得越早越好，它用三十秒把三个错误全部暴露出来，而我们只需要付一盒砝码砸桌面的

代价。

这次失败让我养成了一个习惯：做错事之后先别急着难受，先把它摊平在桌上问三句话——

错在哪一点、为什么是这一点、下一次改哪一点。懊恼只花情绪，分析才花脑子。纸桥塌的那三

十秒，后来在我数学错题本上、在英语听力反复听错的句子旁边，都被我重新用了一遍。失败本

身并不宝贵，我从前以为摔一跤就算成长，现在明白，摔完蹲下来看清楚坑的形状，才算真的把

这一跤换成了东西。

The Thirty Seconds When My Paper Bridge Collapsed

Our physics practice class had one task: build a bridge from two sheets of A4

paper and one strip of tape, spanning the gap between two stacks of books, strong

enough to hold slotted weights. The teacher put a full box of twelve weights on the

desk and said the more it holds, the better the design. My deskmate and I were proud

of our hands, so version one was built in under five minutes: paper laid flat, a

shallow fold at each end, tape pressed down.
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The first weight made the deck dip. The second one killed it. From steady to

collapsed took about thirty seconds, and the paper slid off carrying the last weight,

which hit the desk with a sound everyone heard. Some groups laughed. My face burned.

My deskmate had already picked up the ruined paper and said: do not sulk, look at how

it died.

Those thirty seconds turned out to be the most useful part of the lesson. We

spread the collapsed bridge on the table and worked backward. The break point sat

exactly at the middle, so the load was too concentrated. The flat paper had no

support on its top or bottom surface, so it softened the moment it bent. The end

folds were too shallow, so the paper slipped off the books. With three causes written

out, nobody still believed the collapse was bad luck.

Version two fixed all three: a deep V groove folded along the long edge, the two

stacks moved five centimeters closer, and the weights spread out instead of stacked.

It held five. It died under the sixth, but slowly enough for us to see the V corners

flattening first. So version three used interlocking joints: the two sheets cut and

slotted into a square truss, tape only on the nodes, never on the deck. When it held

all twelve weights, the class went silent for one second and then applauded.

At the debrief I did the math. Version one held one weight, version three held

twelve, and between them stood two failures. If version one had luckily held four, we

would have skipped the analysis and submitted a weak design. Seen this way, the

earlier the first collapse, the better. It spent thirty seconds exposing every error,

and the price was only a weight banging on the desk.

This failure gave me a habit. After a mistake, do not rush to feel bad. Spread it

flat and ask three questions: which point broke, why that point, and what to change

next time. Regret spends emotion; analysis spends the brain. I have used those thirty

seconds again over my math error notebook and over the English listening sentences I

kept mishearing. Failure itself is not precious. I used to think falling down counted

as growth. Now I know that only crouching down to study the shape of the pit turns

the fall into something you keep.

电磁铁不吸针的那节课，我把线圈拆了重绕

科学课第三章讲电，老师安排我们动手做电磁铁：一根铁钉、一段漆包线、一节电池，绕好

通电，看谁能吸起最多的大头针。我信心满满，因为前一周刚在科普视频里看过这个实验，步骤

在我脑子里过了一遍，觉得闭着眼都能做。我绕得很快，线圈松松垮垮地缠在钉子上，留了两段

线头，接上电池，然后满怀期待地把钉尖凑向那堆大头针。
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一枚都没吸起来。我以为是电池的问题，换了一节新的，还是不吸。同桌的电磁铁已经吸起

一小串针了，正得意地晃来晃去。我盯着自己手里这根钉子，第一次觉得它不像磁铁，就是一根

泡在铜线里的普通铁钉。那几分钟我挺烦躁，脑子里冒出的念头是放弃，反正实验报告写个结论

也能交。

老师走过来，没直接说答案，只问了一句：你的电路真的通了吗？这句话点醒了我。我把两

个线头举到窗边的光下看，才发现问题：漆包线外面那层绝缘漆我根本没刮，线头看起来是铜色，

实际上被一层透明的漆包着，电路从头到尾就没接通。我绕得再漂亮，电进不去，磁场就是零。

我把松垮的线圈全拆了，用砂纸把两段线头刮亮，重新绕。这次我数着圈数，一圈挨一圈绕

紧，绕满三百圈才停。接通的那一瞬间，钉尖凑近大头针，针像被看不见的手推过来一样，啪地

贴上钉身。我一层一层往上加，最后吸起了二十三枚，是全班最多的几个之一。

这节课留给我的心得，比吸起针的那一下深得多。第一，失败的原因常常不在大方向上。我

的方案没错，材料没错，绕线的动作也做了，错的只是刮漆这个我根本没意识到存在的步骤。方

向对了不等于细节对了，而实验恰恰死在细节上。第二，怀疑要按顺序来。我当时先怀疑电池、

再怀疑钉子，唯独没怀疑自己最得意的那一步。后来我做物理题也学乖了，检查的时候先查自己

写得最快、最顺手的地方，因为那里最容易藏着我没验证过的假设。

第三点是我没预料到的：拆掉重绕需要比第一次更多的耐心。三百圈数着绕，手腕发酸，中

途好几次想差不多就行。但正因为拆过一次，我知道松垮的线圈就算通电，磁场也会漏掉大半。

坚持重绕不是赌气，是因为分析已经告诉我正确答案长什么样，剩下的只是把手跟上。那次电磁

铁没吸起针的四十分钟，后来我一直记着：它教会我的不是电磁感应，而是先验证，再自信。

When My Electromagnet Refused to Pick Up a Single Pin

Chapter three of science class was about electricity, and our hands-on task was

to build an electromagnet: one iron nail, one length of enameled wire, one battery.

Wind it, connect it, and see who could pick up the most pins. I was confident,

because I had watched a science video about this exact experiment the week before.

The steps felt familiar; I thought I could do it with my eyes closed. I wound fast,

the coil loose and sloppy on the nail, left two ends of wire, touched them to the

battery, and brought the tip toward the pile of pins.

Not a single pin jumped. I blamed the battery, swapped in a fresh one, still

nothing. My deskmate was already swinging a small chain of pins proudly. I stared at

the nail in my hand and realized it was not a magnet at all, just an ordinary nail

soaking inside copper wire. Those minutes made me irritable. The thought that crossed

my mind was to give up, since a conclusion for the lab report could still be written.

The teacher walked by and, instead of giving the answer, asked one question: are

you sure your circuit is actually closed? That woke me up. I held the two wire ends
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toward the window light and found the problem: I had never scraped off the insulating

lacquer on the enameled wire. The ends looked copper-colored, but a clear coating

still wrapped them, so the circuit had never been closed from the very start. However

neat my winding was, no current got in, and the magnetic field stayed zero.

I unwound the whole loose coil and sanded both wire ends bright, then started

over. This time I counted every turn, winding tight against the previous one, and

stopped only at three hundred. The instant the circuit closed, the pins leapt onto

the nail as if pushed by an invisible hand. I kept adding layers, and in the end it

held twenty-three, among the best in the class.

The lesson this class left me runs deeper than the moment the pins jumped. First,

the cause of failure is rarely in the big picture. My plan was right, the materials

were right, the winding motion was even done. What went wrong was the scraping step,

one I had not known existed. A correct direction does not guarantee correct details,

and experiments die in the details. Second, doubt should follow an order. I suspected

the battery, then the nail, but never the step I was proudest of. Now when I check

physics problems I start with whatever I wrote fastest, because that is where

unverified assumptions hide.

The third point surprised me: rewinding took more patience than the first

attempt. Counting three hundred turns made my wrist ache, and more than once I wanted

to settle for close enough. But because I had already torn it down once, I knew a

loose coil would leak most of its field even if current flowed. Persisting was not

stubbornness; the analysis had already shown me what the right answer looked like,

and all that remained was for my hands to catch up. I still remember those forty

minutes when my electromagnet held nothing. What it taught me was not electromagnetic

induction. It taught me: verify first, then be confident.

养了十天的晶体全军覆没，我重新学会了控制条件

寒假作业里有一项选做实验：养晶体。我选了明矾，觉得这实验简单得不能再简单——书上

写了，配一杯饱和溶液，静置几天，晶体自己会长大。我第一炉做得极快：倒半杯热水，挖几大

勺明矾进去，随便搅两下，杯底还剩一堆没溶的粉末，我也没管，直接端到窗台上等。我甚至提

前想好了拍照发朋友圈的文案，就等一颗漂亮的八面体长出来。

十天过去，窗台上那杯东西给了我一个响亮的耳光。没有晶体，整杯水浑浊发灰，杯底那堆

粉末不但没长大，反而化成了一滩糊状的东西，闻着还有点怪味。我查了资料才知道问题成串：

水不够热，明矾根本没溶够，杯底那堆不是种子而是杂质；窗台白天被太阳晒、夜里降温，温度

忽高忽低，溶液一会儿蒸发一会儿又溶回去；开窗通风时灰尘落进去，浑水就是这么来的。我以
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为的简单实验，其实每一步都有条件要求。

第二炉我认真多了：用刚烧开的水溶到不能再溶，过滤后再倒进洗净的杯子，放在桌子中央

避开阳光。这一炉长出了晶体，但个个歪歪扭扭，像被捏过的冰块，还有几个悬在半空长成了畸

形。我把杯子端到灯下转着看，发现杯壁上有细小的划痕，晶体附着在划痕上就长歪；而桌子正

对着门口，每次有人进出带过的风都在让溶液轻微晃动。原来晶体长得好不好，取决于我看不见

的稳定。

第三炉我把条件一项一项钉死：溶液过滤两遍，杯子里先吊入一颗挑出来的小晶体做晶种，

杯子坐进泡沫箱里隔震保温，箱盖留一条缝缓慢蒸发，位置选在没人走动的储物柜顶。第十四天

打开箱子，那颗晶种长成了一颗指甲盖大的透亮八面体，棱线笔直，对着光能看到里面干净的折

射。我妈路过都愣了一下，问这是买的吗。

这二十多天给我的心得，比一颗晶体值钱。第一炉输在我不知道条件存在，第二炉输在我知

道条件却没管住条件，第三炉才算真正会做：把温度、浓度、震动、洁净每一项都固定下来，只

留时间这一个变量。科学探究课上老师反复讲控制变量，我以前觉得那是应付考试的词，现在才

知道它是失败喂出来的规矩。失败本身不可怕，可怕的是不知道为什么失败，然后原样再错一次。

后来复习别的科目我也用这套办法：错一道题，先把它缺的条件找出来，再决定重做还是只改那

一点。储物柜顶那颗晶体我留着没交作业，就摆在书桌上，它提醒我，慢不是问题，盲目才是。

Ten Days of Crystals Wiped Out, and What I Learned About

Controlling Conditions

One optional item in my winter break homework was to grow crystals. I chose alum,

because the experiment seemed about as easy as anything could be: the book said mix a

saturated solution, let it stand for a few days, and crystals would grow on their

own. My first attempt was rushed: half a cup of hot tap water, a few big spoonfuls of

alum, a lazy stir, and I ignored the powder still sitting at the bottom, then set the

cup on the windowsill and waited. I had even drafted the caption for the photo I

planned to post, just waiting for a fine octahedron to appear.

Ten days later the cup slapped me in the face. No crystals at all. The water was

gray and cloudy, and the powder at the bottom had not grown — it had turned into a

foul paste. Only then did I look things up and find the whole chain of errors: the

water was not hot enough, so the alum never properly dissolved, and what sat at the

bottom was impurity, not seed; the windowsill baked in sun by day and cooled at

night, so the solution kept evaporating and redissolving; dust drifted in every time

the window opened. The simple experiment I imagined had requirements hiding in every

step.

My second attempt was serious: I dissolved alum in freshly boiled water until
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nothing more would melt, filtered it, and poured it into a washed cup placed at the

center of the table away from sunlight. Crystals did grow this time, but every one of

them twisted, like ice cubes that had been squeezed, and a few hung crooked in mid-

solution. Turning the cup under the lamp, I found fine scratches on the inner wall —

crystals clinging to a scratch grow crooked — and the table faced the door, so every

person passing by set the solution gently rocking. Growing a good crystal, I learned,

depends on a stability you cannot see.

For the third attempt I nailed every condition down one by one: the solution

filtered twice, one selected tiny crystal lowered in as a seed, the cup nested in a

foam box against vibration and temperature swings, the lid cracked open a sliver for

slow evaporation, the whole box placed on top of a storage cabinet where nobody

walks. On the fourteenth day I opened the box and the seed had become a translucent

octahedron the size of a fingernail, edges dead straight, with clean refractions

inside when held to the light. Even my mother paused and asked if I had bought it.

What those twenty-some days gave me is worth more than one crystal. The first

attempt lost because I did not know conditions existed; the second lost because I

knew the conditions but did not control them; only the third was real experimentation

— fixing temperature, concentration, vibration, and cleanliness, leaving time as the

single variable. Our science teacher kept saying control the variables, and I used to

think it was exam boilerplate. Now I know it is a rule fed to you by failure. Failure

itself is not frightening; what is frightening is failing without knowing why, then

repeating the mistake exactly. I now use the same method in other subjects: when I

get a problem wrong, first find the missing condition, then decide whether to redo

everything or fix only that point. I kept the crystal on top of the cabinet instead

of handing it in. It sits on my desk, reminding me that being slow is not the problem

— being blind is.


